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Abstract. The main objective of the paper is to reduce the pollutant emissions of a compression
ignition engine, fuelling the engine with liquefied petroleum gas (LPG), aiming to maintain the
energetic performances of the engine. To optimise the engine operation a corelation between the
substitute ratio of the diesel fuel with LPG and the adjustments for the investigated regimens
must be made in order to limit the maximum pressure and smoke level, knock and rough engine
functioning, fuel consumption and the level of the pollutant emissions.

The test bed situated in the Thermotechnics, Engines, Thermal Equipments and
Refrigeration Instalations Department was adapted to be fuelled with liquefied petroleum gas.
A conventional LPG fuelling instalation was adopted, consisting of a LPG tank, a vaporiser,
conections between the tank and the vaporiser and a valve to adjust the gaseous fuel flow. Using
the diesel-gas methode, in the intake manifold of the engine is injected LPG in gaseous
aggregation state and the airr-LPG homogeneous mixture is ignited from the flame appeared in
the diesel fuel sprays. To maintain the engine power at the same level like in the standard case
of fuelling only with diesel fuel, for each investigated operate regimen the diesel fuel dose was
reduced, being energetically substituted with LPG. The engine used for experimental
investigations is a turbocharged truck diesel engine with a 10.34 dm? displacement. The
investigated working regimen was 40% load and 1750 rpm and the energetic substitute
ratios of the diesel fuel with LPG was situated between [0-25%].

Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
BY of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOIL.
Published under licence by IOP Publishing Ltd 1



CAR-2017 IOP Publishing
IOP Conf. Series: Materials Science and Engineering 252 (2017) 012079 doi:10.1088/1757-899X/252/1/012079

1. INTRODUCTION

Liquefied petroleum gas is usually a mixture of two hydrocarbons, propane and butane, in different
ratios depending on season. Because of its good burning properties and price liquefied petroleum gas is
a very good choice to fuel a diesel engine.

Several liquefied petroleum gas properties are presented in the table 1, compared with the diesel
fuel properties.

Table 1. Liquefied petroleum gas properties, comparative with diesel fuel properties [1].

Properties Diesel fuel Propane Butane
Density [kg/m3] 800-840 503 500
Self-ignition [°C] 355 481 544
Stoichiometric A/F 15 15.71 15.49
ratio [kg/kg]
Lowe r heating 42.5 46.34 45.55
value[MJ/kg]
Cetane number 40-55 -2 -2
Flame temperature 2054 1900 -

The density of liquid LPG is lower, 503 kg/m3 for LPG and 800-840 kg/m3 for diesel fuel [1],
leading to a lower fuel autonomy.

LPG needs a lower quantity of heat to vaporise 420 kJ/kg to 465 kJ/kg for diesel fuel [1], allowing
to consume less local heat.

The LPG self-ignition temperature is higher than the diesel fuel self-ignition temperature, 481 °C
— propane, 544 °C —butane, 355°C diesel fuel [1] and this combined with a very low cetane number gives
LPG very poor self-ignition properties. Therefore, fuelling a diesel engine with LPG requires the use of
specific methods.

The flame temperature of LPG lower than the diesel fuel flame temperature leads to an important
reduction in nitrogen oxides emissions level.

The higher LPG lower heating value leads to an increase in the amount of heat released during
combustion for the same fuel quantity.

Fuelling a diesel engine with LPG require specific methods. In this paper, the authors chose the
Diesel-Gas method, which consists of gaseous LPG injection in the intake manifold of the engine.

The diesel gas method has been applied by Tarig Migdam in [2] with good results as far as the
brake specific energetic consumption and pollutant emissions are concerned. In the paper [ 3] the author
fuelled with LPG a car diesel engine, experiments leading in a reduction of the vehicle operating price.
Qi et. al. in the work [4] experimented the direct injection of a LPG-diesel fuel mixture with different
proportions: 0, 10, 20, 30, 40 %, leading to a decrease in the pollutant emissions of the engine. In [5]
the authors decreased the level of the nitrogen oxides emission fuelling the diesel engine with LPG but
the level of unburned hydrocarbons increased. The authors managed to reduce the unburned HC
emission level using a glow plug [5]. A decrease of unburned hydrocarbons emissions level was
achieved by Pali Rosha et al. in [ 6], by LPG fuelling a single cylinder diesel engine and using exhaust
gas recirculation. The level of nitrogen oxides emissions and carbon dioxide emission decreased
compared to standard diesel engine fuelling case, while emissions of unburned hydrocarbons and carbon
monoxide increased, especially in the partial load regimens. In order to reduce these emissions, the
authors used a percentage of 16% recycled exhaust gas. Another example of a liquefied petroleum gas
diesel engine fuelling is presented in the paper [7]. The authors used liquefied petroleum gas injection
into the intake manifold of the engine and rapeseed oil for the pilot injection. The maximum degree of
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substitution used of rapeseed oil with LPG was 60 %, where the engine cyclic variability was within
acceptable limits.

This paper presents results of experimental investigations carried out on a truck compression
ignition engine fueled with liquefied petroleum gas using the diesel-gas method.

2. Experimental study

The experimental study was carried out on a compression ignition engine type Roman D2156 MTN 8§,
with 6 cylinders in line. The main specification and performances of the engine are presented in the table
2 [8].

The test bed consists of: the Roman D2156 MTN 8 diesel engine, Hofman eddy current dyno, AVL
data aquisition system, Kistler piezoelectric pressure transducer, AVL Dicom 4000 gas analyser and
opacimeter, Optimass masic fuel flow meter, Meriam volumic air flow meter, thermocouples and
thermoresistences for temperature measuring, gravimetric system for diesel fuel consumption
measuring, gas leak detector. All the equipments were calibrated prior to measurements. The
investigated regimen was 40% load and 1750 rpm. The Diesel-Gas method consists in gaseous LPG
injection in the intake manifold of the engine. Therefore, the homogeneous mixture of air-LPG is ignited
by the flame which appears in the diesel fuel jet.

Table 2. Specifications and performances of the engine D 2156 MTN 8 [8].

Number of cylinders 6
Bore [mm] 121
Stroke [mm] 150
Displacement [L] 10.34
Compression ratio 17
Rated power [KW] 188
Maximum torque
[Nm] 900
Admision type turbocharged

First time was determined the reference, fuelling the engine only with diesel fuel, then the diesel fuel
was partially substituted with liquefied petroleum gas, concerning to maintain the same engine power
like in the standard case of fuelling with diesel fuel. Therefore, for each substitute ratio investigated, the
diesel fuel cycle dose was reduced and the LPG cycle dose was increased. The energetic substitute ratio
was calculated with the following relation:

mLPGH'

ILpg
X p—

¢~ @)
mLPG H i pg + mdieselfuel H

Liieselfuel

where: m; p;- the LPG dose;
Mgieseiruer-the diesel fuel dose;
Hi- the caloric heating value.

The investigated energetic substitute ratios of the diesel fuel with LPG was situated between [0-
25] %.

3. Results and discussions

Because of the burning process intensification due to the presence of LPG-air mixture in the combustion
chamber the in-cylinder pressure increased for all the investigated substitution ratios of diesel fuel with
LPG. The measured in-cylinder pressure for the investigated cases is presented in the figure 1.
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Fig. 1. The maximum pressure inside the cylinder versus the substitute ratio.

Because of a higher flame speed in the homogeneous mixture or air-LPG The maximum rate or
pressure rise increased for all the investigated cases. The figure 2 presents the maximum rate of pressure
rise for the investigated cases.
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Fig. 2. The maximum rate of pressure rise versus the substitute ratio.
The nitrogen oxides emission level decreased for all the investigated substitute ratios of diesel fuel

with LPG because liquefied petroleum gas has a lower flame temperature than diesel fuel. The nitrogen
oxides emission variation is presented in the figure 3.
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Fig. 3. The nitrogen oxides emission versus the substitute ratio.

The smoke emission level decreased for all the investigated substitute ratios of diesel fuel with
LPG because when LPG is present in the combustion chamber the burning rate of diffusive mixtures
decreases and the burning rate of preformed mixtures increase. The figure 4 presents the measured
smoke emission level, evaluated by the coefficient of absorption k.
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Fig. 4. The smoke emission level versus the substitute ratio.

The brake specific energetic consumption decreased for the substitute ratios of diesel fuel with
LPG. Figure 5 presents the brake specific energetic consumption versus the substitute ratio.
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Fig. 5. The energetic specific fuel consumption versus the substitute ratio.
4. Conclusions
At the LPG engine fuelling were observed the following:
1. The brake specific energetic consumption decreased with ~20% when the substitute ratio was x=25.
2. The nitrogen oxides emission decreased with ~25% for the substitute ratio x.=25.
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3. The smoke emission level decreased because when LPG is present in the combustion chamber the
burning rate of diffusive mixtures decreases.
4. The maximum pressure and the maximum rate of pressure rise increased in the case of LPG fuelling.
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