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ARTICLE INFO

The article presents the test stand and the test results of a vehicle with an Sl engine, fueled by

a blends of LPG and DME gaseous fuels. During the tests, a chassis dynamometer was used,
which reproducibly reflected road conditions. The tests were carried out for various shares of
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DME in the mixture, thus determining the maximum possible share of this fuel. The measuring
points have been extended with different engine loads and different rotational speeds. The analysis
of the pressure inside the engine cylinder made it possible to compare the operation of the engine
powered by mixtures of different proportions to the reference fuel — LPG.
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1. Introduction

The ever-increasing demand for conventional motor
fuels has also increased the interest in alternative fuels.
Their market share is all the more significant, the more
stringent exhaust emission standards that new car manufac-
turers throughout the European Union have to face. Alter-
native fuels, apart from the possibility of powering engines,
must meet other criteria, including the two most important
ones — ecological and economic assessment. The emissivity
assessment is primarily influenced by the amount of harm-
ful and toxic substances in the products of the combustion
process. Their amount must be lower than that derived from
the combustion of conventional fuels. The economic as-
sessment is carried out in relation to conventional fuels and
in the absence of measurable benefits for users, it is not
possible to adopt such energy carriers on a wide scale of the
market [1].

The current, very intensive development of alternative
drives has, in a sense, verified the requirements set by law-
makers and also by the society. The pursuit of broadly
understood eco-mobility began to be perceived on a larger
scale. It is primarily the awareness of emissions from the
entire life cycle of fuel — from its extraction, processing,
distribution, to combustion products in an internal combus-
tion engine. A similar approach applies to electric and hy-
brid vehicles that require external charging. Currently, the
electricity used to charge these vehicles comes largely from
non-renewable sources. As a result, the carbon footprint
remains at a similar level as in the case of fully convention-
al drives. However, a significant advantage of battery pow-
ered vehicles is the fact that there is no local emission.
Electric vehicles, the way of use of which is assigned to
a given location, resulting from their use in urban areas, are
not so burdensome for the environment. This is due to the
lack of exhaust fumes and significantly lower noise. Exam-
ples of such vehicles are public transport buses or other
public transport vehicles, vehicles used for the purpose of
serving the urban economy or transport companies that
perform the so-called last mile transport. Non-urban emis-

sions in the case of generating electricity for EVs do not
affect the deterioration of air quality in the city center,
which significantly improves the quality of life of its inhab-
itants. However, the above benefits do not have an impact
on total emissions as long as electricity is not obtained to
a greater extent from renewable sources or the fuels burnt
are replaced by fuels with a reduced share of coal. Another
current problem of electric vehicles is energy storage. Cur-
rently available batteries often do not provide half of the
vehicle's real range compared to conventionally powered
vehicles. The development and use of electric vehicles also
depend on the expansion of the infrastructure for charging
and servicing such vehicles. Therefore, an important activi-
ty is the simultaneous development of alternative fuels. The
global increase in fuel demand is related to the further de-
velopment of fuels derived from renewable sources as well
as from fossil sources.

2. Preparation of fuel blends

Alternative fuels also include mixtures of gaseous fuels.
An example of this type of mixtures can be the mixture of
LPG and DME presented in the following study. LPG,
a mixture of propane and butane, is produced from crude oil
in the refining process. Due to the fact that it is derived
from fossil raw materials, its production, availability and
scope of application are limited. The lower proportion of
carbon in relation to gasoline gives about 10% lower carbon
dioxide emissions.

DME is an organic chemical compound from the ether
group, colorless with a characteristic odor, flammable and
explosive, moderately soluble in water. It can be produced
from fossil resources such as natural gas or hard coal, as
well as from biomass, then it is referred to as bioDME.
Currently, dimethylether is used in the energy and cosmet-
ics industries, as well as in transport as a fuel for diesel
engines, due to the high cetane number — 55 [2].

The similar physical and chemical properties of both
fuels allow them to be mixed, safely stored, and used as
fuel in an Sl engine [3-5].
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The production of mixtures on the stand included the
preparation of fuel for experimental tests on a chassis dy-
namometer. It consisted in refueling the mixture compo-
nents — LPG and DME into a common tank. First, fuel with
a higher mass fraction was refueled in order to calculate the
necessary mass fraction of the second fuel in the next step.
The mass fraction of the second fuel (DME) differed de-
pending on the need to obtain a specific mixture. The tank
for the mixture was placed on an electronic scale with an
accuracy of 1 gram. Also during the tests of the vehicle on
the chassis dynamometer, the tank was placed on the scales,
which made it possible to measure fuel consumption in one-
minute intervals. The vehicle was powered by connecting
the fuel tank to the gas reducer, using a cable for automo-
tive gas installations. The construction of the stand is
shown on the diagram (Fig. 1) and in the photo (Fig. 2).
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Fig. 2. Station for the production of gas blends

Based on the experience gained from the first series of
tests, a stand for the production of gas mixtures was de-
signed. The stand facilitated and shortened the time of pre-
paring the mixture for testing. Needle valves were used for
its construction, which are characterized by high accuracy
during their control.

3. The object of research, research apparatus
and the scope of the research carried out

The object of the research was an Opel Astra passenger
car with an engine capacity of 1.6 dm?, factory-adapted to
run on unleaded petrol. The engine was equipped with an
LPG gas installation. The installation does not require spe-
cial adaptation to be supplied with LPG and DME mixtures,
except for the possible replacement of seals, due to the
possible adverse effect of DME on rubber elements.

Experimental tests were carried out on a Bosch FLA
chassis dynamometer with an eddy current brake. This
made it possible to measure the engine torque, power and
also the speed of the vehicle. The dynamometer reflected
the conditions of the vehicle moving along the road along
with its resistance, additionally providing full repeatability
of the measurement. The vehicle engine is equipped with
the indicated pressure measurement circuit. The pressure
was measured on the first cylinder using a Kistler 6121
pressure sensor which was coupled to a spark plug. The
pressure sensor was connected to the charge amplifier and
data acquisition system. Additionally, a marker with a pho-
to sensor is mounted on the pulley. Thanks to it, it was
possible to synchronize the position and speed signal of the
crankshaft with the pressure signal.

The first stage of the research included mixtures with
a DME percentage of 7, 11, 14, 17, 21%. The tests were
carried out for various engine loads and selected rotational
speeds. Mass measurement of fuel consumption was per-
formed for all measurement points, the pressure indicated in
150 consecutive engine operation cycles was recorded and
the exhaust gas temperature was measured in the engine
exhaust manifold.

During the tests, the spark advance angle was also cor-
rected. All measurement series were repeated three times;
with factory settings and with corrections increasing the
value of the spark advance angle by 3° and 6°.

Based on the analysis of the results collected at this
stage of the research, an assessment of the combustion
process was performed, which did not show any clear dis-
turbances in the engine's operation. Therefore, it was decid-
ed to extend the scope of the tests to include further mix-
tures, where the DME percentage was 26 and 30%, respec-
tively.

4. Development of measurement results

4.1. Fuel consumption measurement

Fuel consumption, determined by the mass method, was
measured with an accuracy of 1 gram during one minute for
each measuring point. The results of the measurements are
presented in graphs (Fig. 3-5) for different levels of the
spark advance angle.

The measurements were repeated for the changed en-
gine controller settings, for the spark advance angle correc-
tion of 3 and 6°.
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Fig. 3. Fuel consumption [g/min] depending on the percentage of DME
and engine load, no correction of the spark advance angle
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Fig. 4. Fuel consumption [g / min] depending on the percentage of DME
and the engine load for the correction of the spark advance 3°
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Fig. 5. Fuel consumption [g/min] depending on the percentage of DME
and the engine load for the correction of the spark advance 6°

On the basis of the above charts, it can be observed that
in an LPG-fueled engine, due to the slower combustion
process compared to gasoline, a larger spark advance angle
should be used. In the case of the mixture of LPG and
DME, this relationship also occurs. For a correction by an
additional 3 steps, fuel consumption decreased noticeably.
Compared to the serial settings, the greatest changes were

recorded for mixtures of 11 and 14% DME at partial and
maximum loads. On the other hand, for the 30% mixture,
the greatest differences occur at the half load of the engine.

With an ignition correction of 6 degrees, an even greater
benefit in fuel economy is achieved. It decreased evenly
over the entire range of engine loads for all mixtures.

Fuel consumption, determined by the mass method, was
measured with an accuracy of 1 gram during one minute for
each measuring point. The results of the measurements are
presented in graphs (Fig. 3-5) for different levels of the
spark advance angle.

4.2. Changes in the combustion process

The measuring equipment described above made it pos-
sible to register the pressure inside the engine cylinder. For
each measuring point, 150 engine cycles were recorded in
succession. The collected data was statistically processed
using the EnComAn [7] program, thus extracting a sample
representative for each measurement point. Further analysis
consisted in determining the boundaries of the combustion
process. At this stage, the computational capabilities of the
Diadem NI program were used. Using the developed model
[8], on the basis of the designated sample representative of
the pressure course for the recorded work cycles, the poly-
trope and pressure increases as a function of the crankshaft
rotation angle were calculated.
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Fig. 6. Summary of the duration of combustion processes for the engine
speed of 3000 rpm, fueled with LPG-DME mixtures, with the correction of
the ignition angle. Engine load 33%
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Fig. 7. Summary of the duration of combustion processes for the engine
speed of 3000 rpm, fueled with LPG-DME mixtures, with the correction of
the ignition angle. Engine load 69%
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After determining the boundary assumptions, the com-
bustion process in relation to the angle of rotation of the
crankshaft was identified.

The results are presented by means of column charts
(Fig. 6-8). The analysis of the charts made it possible to
compare the length of the combustion processes for differ-
ent shares of DME in the mixture for the levels used in the
research. ignition timing corrections by 3 and 6 degrees,
respectively, in relation to the serial settings.

The combustion period is understood as the part of the
crankshaft rotation, expressed in degrees [°CA], between
the positions of the crankshaft, for which the applied ther-
modynamic model performs an additional energy increase,
which proves the combustion process taking place.
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Fig. 8. Summary of the duration of combustion processes for the engine
speed of 3000 rpm, fueled with LPG-DME mixtures, with the correction of
the ignition angle. Engine load 100%

5. Conclusions
Based on the results of the research, the following con-

clusions were drawn:

 Plane graphs made it possible to compare fuel consump-
tion for mixtures with increasing DME share as a func-
tion of engine load for serial engine settings and for two
corrections

+ Extending the ignition time, reducing fuel consumption,
especially for engine loads above 48%

» The greatest benefits from the spark advance correction
were obtained for a mixture with a mass fraction of
DME 14 and 17%

« The graphs made it possible to compile representative
combustion processes when fueling the engine with
gaseous fuel with different DME mass fractions, for dif-
ferent engine loads and two additional settings of the
spark advance angle

» The greater the engine load, the shorter the combustion
process

+ For the engine load of 69%, increasing the SA shortened
the combustion process for all mixtures

» For the engine load of 69% when the engine was pow-
ered with a mixture of 26 and 30% DME, the combus-
tion process was extended by approximately 30%

» With the engine load of 33%, the SA correction had an
effect on the shortening of the combustion process, in
addition to the mixtures of 100% LPG and 17% DME

» For 100% engine load, the shortest combustion process
was recorded for fueling the engine with reference fuel
and mixtures with the highest share of DME
At maximum engine load, the SA correction did not
have a significant effect on the duration of the combus-
tion process for all tested mixtures

Nomenclature

DME dimetyloeter
SA  spark advance

LPG liquified petrolum gas
Sl spark ignition
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