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Summary

Results of comparative testing of the LPG (Liquefied Petroleum Gas) fuel and such a fuel with an
addition of light aliphatic hydrocarbons, chiefly methane, in two versions have been presented.
The tests were carried out in respect of the physicochemical properties of the fuels according
to Standard PN-EN 589 and in respect of the performance characteristics of a motor vehicle
powered with the fuels undertest. The main purpose of the tests was to determine the acceptable
fraction of light aliphatic hydrocarbons, predominantly methane, in the LPG fuel, whose basic
components are C3 and C4 alkanes or alkenes. The addition of light aliphatic hydrocarbons to
LPG may be of considerable importance for the fuel properties, primarily because of high values
of the saturated vapour pressure of such admixtures. The fuel compaosition was determined with
the use of the gas chromatography method. The methane additive content of the fuels under
test was 0.1% m/m’ and 0.2% m/m and the ethane additive content was 0.2% m/m. The fuels met
the requirements of Standard PN-EN 589. The performance of the motor vehicle was tested on
a chassis dynamometer. No adverse effect of the addition of light aliphatic hydrocarbons to the
LPG fuel on vehicle engine's effective power and pollutant emissions was revealed.
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1. Introduction

The unconventional fuels for internal combustion (IC) engines are defined as those to which
neitherthe mass-produced engines nor complete motor vehicles (within the scope of vehicle
fuelling systems) are directly prepared by their manufacturers. This means that such fuels
are understood to be those different from motor spirits (various petrol or gasoline grades)
used for spark-ignition (SI) engines and diesel oils used for compression-ignition (Cl) engines.
Among the unconventional fuels, those being most popular are gaseous fuels, referred to as
LPG (Liquefied Petroleum Gas) and stored in the liquefied phase under a pressure of about
0.3MPato0.5MPa[l, 2, 5,10, 17], with their composition being based on petroleum-derivative
gases. The major components of such fuels are propane and butane [1, 2, 5, 10, 17].

In the English-language literature, the LPG is also referred to as "autogas”; hence, polonized
versions "autogaz"” or "auto-gaz" of this term can be met in Poland. The high popularity of LPG
chiefly results from its low price in comparison with the prices of the petrol and diesel oil
grades available in the market.

LPG can be used for both spark-ignition and compression-ignition engines. The LPG-fuelled
Sl engines predominantly are bi-fuel units, with the petrol fuelling system being originally
provided as the basic one. In such a system design, the petrol fuelling is used for cranking
and heating the engine and then the fuelling system can be switched from petrol to LPG
and vice versa. In the LPG fuelling mode, petrol is also periodically added to improve engine
operation conditions, in consideration of both improved cooling of the engine combustion
chamber due to vaporization of the liquid fuel and better lubrication properties of petrol
as against the gaseous fuel [6, 10, 15, 16]. There are several technical generations of the
LPG fuelling systems, from the simplest converter-and-mixer type systems to the systems
where LPG in its liquid phase is directly injected to the engine combustion chamber [2]. For
the LPG fuelling, the engine control algorithms (first of all, those used to control the fuel
delivery) are implemented as modifications of the original algorithms designed for petrol
fuelling [2]. Large S| engines, developed as maodifications of original compression-ignition
engines, are provided with mono-fuel systems, operating with LPG only [2], similarly as it is
in large engines fuelled with CNG (Compressed Natural Gas). Designs of this kind have been
used to power city buses.

The compression-ignition engines fuelled with LPG, like the CNG-fuelled diesel engines,
are built as hi-fuel units, using their original diesel ail fuelling system but with LPG being
additionally fed [9].

Predominantly, LPG is used to fuel spark-ignition engines, i.e. chiefly for passenger cars and
smaller light trucks (delivery vehicles).

The interest in using LPG for the fuelling of internal combustion engines is additionally
stimulated by ecological considerations, i.e. the benefits typical for the use of gaseous fuels:
reduction in pollutant emissions [3, 8, 12-19] and, for Cl engines, noise reduction as well.
A matter of considerable importance is also the possibility of utilizing other energy materials
available in order to economize the consumption of conventional petroleum-derivative fuels.
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Apart from evident good points, the use of LPG for the fuelling of IC engines has also
some drawbacks. The most serious of the latter is the fact that neither engines nor motor
vehicles are originally designed for LPG fuelling, which means that motor vehicles have to be
additionally retrofitted with gas fuelling systems. At the present-day level of technological
excellence of mass-manufactured products, including motor vehicles, the solution like this is
dramatically unprofessional, even if procedures formally exist to authorize the modifications
of this kind. Doubts about the professionalism of modifications of fuel feeding systems also
arise from the fact that a success of the initiative to popularize the LPG fuelling of IC engines
chiefly depends on the price of the additional devices needed. In such a situation, systems
with the simplest technological solutions are usually installed, e.g. those where, as regards
the system control, only the fuel delivery control algorithm is modified. The modification of
original fuelling systems also causes adverse effects on the system safety, in result of which
the indoor parking of LPG vehicles is often forbidden, although the LPG fuel is more volatile
than petrol.

There are also other undesirable consequences of the use of LPG for vehicle fuelling. One
of them is related to the combustion temperature being higher for gaseous fuels than that
for liquid fuels and, in addition to this, practical lack of lubricity improvers. This results in
increased wear of some engine components, in particular those exposed to heavy thermal
loads, e.g. engine valves, especially exhaust valve heads and seats.

A problem related to vehicle operation is the susceptibility of LPG vapour pressure to ambient
temperature due to a possibility of differences in fuel composition, as the saturated vapour
pressure very rapidly drops with increasing number of carbon atoms in individual homologous
series, e.g. in alkanes.

In spite of numerous critical opinions about the use of LPG for the fuelling of IC engines, the
development of this technology has become a fact. Therefore, it is all the more purposeful to
solve any problems in order to improve the performance characteristics of IC engines fuelled
with LPG. Most often, the efforts are focused on the problem of increased fraction of light
aliphatic hydrocarbons, first of all methane, in the LPG fuel. Methane has very high pressure
of saturated vapour. Hence, it considerably affects fuel assessment parameters such as
relative vapour pressure at a temperature of 40 °C and the temperature at which the relative
vapour pressure is not less than 150 kPa. In respect of the temperature at which the relative
vapour pressure is not less than 150 kPa, the addition of methane beneficially affects fuel
quality; however, a methane addition may cause a significant growth in the relative vapour
pressure at a temperature of 40 °C, so that the pressure would exceed 1550 kPa, which
would pose a hazard of unsealing of the fuel system and, in consequence, an explosion risk
as well.

2.LPG fuel

The petroleum-derivative gas is a mixture of chain hydrocarbons, chiefly the C3 and C4
alkanes and alkenes, with a small admixture of other chain hydrocarbons C1-C7(1, 6, 7, 10].
At the ambient temperature and a pressure of (0.3 = 0.5) MPa, this gas is stored in liquid
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state, hence its name "liquefied petroleum gas" and acronym "LPG", the latter being used
in Polish as well.

The mass density of LPG is within limits of (500 + 600) kg/m? [1, 6]. The calorific value of
this fuel is about 46 M1/kg [1, 6] and its research octane number ranges from 102 to 108,
and motor octane number - more than 89 [1, 6].

The petroleum-derivative gasis mostly obtained by degasolining of natural gas, stabilization
of crude oil on an oil field, distillation of crude oil, catalytic cracking and hydrocracking,
thermal processing, reforming, isomerisation, butadiene production, and production of
ethers [10].

Inthe case of atmospheric distillation of crude oil, differences in the boiling point of individual
organic compounds are utilized. Having been pre-cleaned, dewatered, and desalted, crude
oil is heated in heat exchangers and then separated into fractions in a distillation column
(tower) under atmospheric pressure. Neither this separation nor the subsequent one,
carried out at a reduced pressure, changes the crude oil chemical composition; hence,
these processes are counted among conservative methods. Thus, the pipe-still and tower
distillation is a conservative method. The LPG fraction, obtained from the pipe-still and
tower distillation, makes (1 + 2.5)% m/m of the crude oil. The LPG composition may vary
depending on the raw material type used; as an example, the proportions between the
major components of the LPG obtained from the REBCO oil are about 27% m/m of propane,
20% m/m of isobutane, and 51% m/m of n-butane.

The gas obtained from the separation process, predominantly consisting of propane and
butane, is subjected to desulphurization, based on a chemical reaction between hydrogen
sulphide and (15 + 20)% V/V& solution of monoethanolamine, where the latter, reacting with
the hydrogen sulphide at a temperature of (25 + 40) °C and under a high pressure, water-
soluble salts.

In the coking processes, (4 + 6)% m/m of LPG, on the average, is obtained; the fluid coking
and the Flexicoking processes yield up to 4% V/V and up to 7% V/V of LPG, respectively.

The catalytic cracking consists in reactions taking place in various oil fractions or vacuum
oil distillates at temperatures of (480 +~ 540) °C and a relatively low pressure of about
0.05 MPa in the presence of aluminosilicates catalysts. The catalytic cracking makes it
possible to obtain lighter hydrocarbons. The cracking reactions occur in the fluid phase.
During the catalytic cracking process, chiefly the carbon-to-carbon bond breaking
reactions take place, in result of which alkanes of lower molecular mass and, alkenes
are formed. The catalytic cracking of vacuum oil distillates may yield (18 + 25)% m/m of
LPG. In the LPG obtained from the catalytic cracking, sulphur occurs in the form of thiols
(mercaptans), i.e. organic chemical compounds corresponding to alcohols where the
oxygen atom of the hydroxyl group has been superseded by a sulphur atom. The thiols
are removed from the LPG in the Merox process. The gas having been desulphurized is
separated by rectification into propane, propylene, and butane fractions.

8%V/V = volume fraction
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Hydrocracking is a modification of the cracking process, where hydrogen at a high
pressure (3 +15) MPa is applied and the process temperature is lowered to (250 + 450) C,
with molybdenum, nickel, and cobalt compounds as well as platinum and palladium being
used as a catalyst. The products of hydrocracking of vacuum oil distillates are 1% m/m of
LPG, (80% mole/mole® of butanes and 20% mole/mole of propane), petrol, diesel oil, and
fuel oil. The mass fraction of sulphur does not exceed 10 ppm™.

The hydrodesulphurization of petroleum feedstocks is the largest catalytic process that
is run on an industrial basis, in terms of its scale and importance. In the modern refinery
industry, practically all hydrocarbon fractions and streams are subjected to hydrorefining.
In such processes, heteroatoms are removed from the petroleum feedstock and, the
unsaturated bonds become saturated and the aromatic substances are hydrogenated.
The main purpose of the hydrorefining is not to break the carbon-to-carbon bonds but
instead, to break the carbon-to-heteroatom bonds or, at the same time, to hydrogenate the
unsaturated bonds, chiefly the alkene bonds and, less frequently, the aromatic bonds. It is
assumed that during the hydrorefining process, a reduction in molecular mass takes place
in not more than 10% m/m of the feedstock. The hydrodesulphurization and hydrocracking
of soft asphalt makes it possible to obtain (1.5 + 2.0)% m/m of LPG (more than 50% m/m
of that consists of the C3 and C4 fractions, there is no hydrogen sulphide, and the mass
sulphur content is at a level of 50 ppm).

Inthe product of catalytic reforming, the LPG fraction makes (0.8 +1.6)% m/m, with 70% m/m
of that consisting of propane and n-butane and 25% m/m being isobutane (the hydrogen
sulphide content does not exceed 20 ppm by mass).

The composition and, in consequence, properties of the LPG fuel may vary within a wide
range, depending on the feedstock types and process methods used. In this connection,
specific quality requirements have been set for such a fuel, as laid down in Standard PN-EN
589 "Automotive fuels - LPG - Requirements and test methods".

3.0bject and method of testing

The tests were carried out on the following fuels for spark ignition engines:
- commercially available standard LPG fuel;

- test fuel MI: commercially available standard LPG fuel with 0.1% m/m methane
admixture;

- test fuel M2: commercially available standard LPG fuel with 0.2% m/m methane
admixture.

The M1 and M2 fuels were prepared by adding commercial methane to the standard LPG
fuel.

9 %mole/mole or % mole - mole fraction
1 ppm - parts per million, i.e. one-millionths part



26 The Archives of Automotive Engineering - Archiwum Motoryzaciji Vol. 71, No. 1, 2016

The scope of the tests covered:

- determining the composition of the fuels under test with the use of gas chromatography
methods according to Standard PN-ISO 7941:1993/Ap1:2002;

- testing the fuels for conformity with the requirements of Standard PN-EN 589;

- examining the energy and dynamic characteristics of an IC engine powered by the
fuels under test, with determining the effective power and torque vs. speed curves
during vehicle acceleration in fourth gear;

- examining the pollutant emissions and fuel consumption in the NEDC (New European
Driving Cycle) test procedure, which includes the UDC (Urban Driving Cycle) and EUDC
(Extra-Urban Driving Cycle) tests [5].

The tests were carried out with the use of a passenger car with a spark-ignition engine of
1500 cm? capacity and an LPG system of the second generation [2]; the car was tested on
a chassis dynamometer Schenk Komeg EMDY 48. To investigate the pollutant emissions,
an exhaust gas testing rig was used, which included a Horiba Mexa 7200 system provided
with Horiba analysers to measure the concentrations of carbon monoxide (AIA-721A),
hydrocarbons (FIA-725A), nitrogen oxides (CLA-755A), carbon dioxide (AIA-722), and
oxygen (MPA-720). The research equipment used for the tests was in conformity with the
requirements of the following normative references: Directive 1999/96/EC of the European
Parliament and of the Council of 13 December 1999, Regulation (EC) No. 715/2007 of the
European Parliament and of the Council of 20 June 2007, and Commission Regulation (EC)
No.692/2008 of 18 July 2008.

4.Test results

The composition of the fuels under test has been presented in Table 1.

Table 1. Composition of the fuels under test

Fuel
Component name LPG M1 M2
[%m/m] | [% mole] | [%m/m] | [% mole] | [% m/m] | [% mole]
Methane (0.1 (0.1 0.1 0.3 0.2 0.6
Ethane 0.2 0.3 0.2 0.3 0.2 0.3
Ethylene (0.1 (0.1 (0.1 (0.1 (0.1 (0.1
Propane 39.3 459 39.3 459 39.3 45.8

Propylene <0.1 (0.1 0.1 (0.1 0.1 <0.1
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Table 1. Composition of the fuels under test (continued)

Cis-2-butene (0.1 (0.1 (0.1 (0.1 (0.1 (0.1
Trans-2-butene (0.1 (0.1 (0.1 (0.1 (0.1 (0.1
Isobutylene 0.2 0.2 0.2 0.2 0.2 0.2
1-butene (0.1 (0.1 (0.1 (0.1 (0.1 (0.1
n-butane 594 52.8 59.3 52.5 58.2 52.3
Isobutane 0.9 0.8 0.9 0.8 0.9 0.8
n-pentane <0.1 (0.1 <0.1 (0.1 0.1 (0.1
n-hexane (0.1 (0.1 (0.1 (0.1 (0.1 (0.1
Cyclobutane <0.1 (0.1 <0.1 (0.1 <0.1 <0.1
3-methylpentane (0.1 (0.1 (0.1 (0.1 (0.1 (0.1
1,3-butadiene (0. (0.1 (0.1 (0.1 (0.1 (0.1
Isopentane <0.1 (0.1 0.1 (0.1 0.1 (0.1

The main difference between the compositions of the fuels under test lies in the methane
contents, which were as specified below:

- forthe LPG fuel, less than 0.1% m/m;
- for the M1 fuel, 0.1% m/m;
- forthe M2 fuel, 0.2% m/m.

Results of testing the fuels for conformity with Standard PN-EN 589 have been shown in

Table 2.
Table 2. Results of testing the fuels for conformity with Standard PN-EN 589
i j- Fuel test results
Parameter Test method Unit Quality requi

rements” LPG M1 M2
Motor octane | PN-EN 589+A1:2012 _ min 89.0 920 917 912
number Annex B
Total diene
content PN-ISO 7941:1993/ %
(incl. 1,3 AP1:2002 mole | Max05 €on ol ol
butadiene)
Hydrogen PN-EN ISO _ none notde- | notde- | notde-
sulphide 8819:2000 tected* | tected* | tected*
Total sulphur
content (With | «1\1 1) 6667:2010 | mg/kg | max 50 48 47 46
stenching
agent added)
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Table 2. Results of testing the fuels for conformity with Standard PN-EN 589 (continued)

Parameter Test method Unit Quality reqlui- Fuel test results
rements” LPG M1 M2
Copper strip
corrosion PN-EN ISO cigir(;?l class 1 class1 class 1 class 1
test 6251:2001 class
(That40°C)
Dry residue PN-EN 15471:2009 | mg/kg max 60 - - -
Relative PN-ENISO
vapour 8973:_2000
pressure (with kPa max 1550 744 865 985
at 40 °C PN-EN 589
+A1:2012 Annex C)
Temperature
at which the PN-EN ISO
relative 8973:2000 0 -10 -10
vapour (with °C (grade (grade (grade
pressure is PN-EN 589 C) A) A)
not less than | +Al1:2012 Annex C)
150 kPa
Water PN-EN15469:2009 = - | notdetected | OK** | OK** | OK¥*
content
distinguish-
able and
unpleasant,
perceptiblein | " Rer per-
PN-EN 589+A1:2012 ] ceptible, | ceptible, | ceptible,
Stench . - air at a con-
Annex A, item 6.3 . unplea- | unplea- | unplea-
centration of sant sant sant
20% of lower
explosive-
ness limit

1) Pursuant to Article 25, Clause 3, of the Act of 25 Aug. 2006 on fuel quality monitoring and inspection (Dz. U. No.
169 of 2006, item 1200, with later amendments), the results of sample testing shall be applicable to the quality of
the whole batch of the fuel present in the tank from which the samples were taken.

* Pursuant to PN-EN IS0 8819:2000, the result "not detected" shall have the meaning that there was no hydrogen
sulphide in the sample under test.

** Pursuant to PN-EN 15469:2009, the result "0K" shall have the meaning that no water was detected in the sample
under test.

The test results have confirmed that even if a small amount of light aliphatic hydrocarbons,
which are characterized by high vapour pressure [11], especially methane, is added to the
LPG fuel then the fuel vapour pressure is significantly raised. All the fuels tested met the
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requirements of Standard PN-EN 589, including the requirement regarding the relative
vapour pressure, with a wide safety margin. The fuels with mass methane content of up to
0.2% m/m meet the criterion for fuel grade A, unlike the standard LPG fuel, which meets the
criterion for fuel grade C (Table 3).

Table 3. Requirements for individual LPG fuel grades, according to PN-EN 589+A1:2012

Requirements

Parameter Unit . Test method

min max

Relative vapour pressure PN-EN IS0 4256

at 40 °C kPa 1550 PN-EN IS0 8973

PN-EN 589, Annex C

Temperature at which the

relative vapour pressure is

not less than 150 kPa

- GradeA oC -10 PN-EN I1SO 8973

- GradeB -5 PN-EN 589, Annex C

- GradeC 0

- GradeD 10

- GradeE 20

The relation between the relative vapour pressure at a temperature of 40 °C and the mass
methane content of the LPG fuel has been shown in Fig. 1.
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Fig. 1. Relative vapour pressure at a temperature of 40 °C and the mass methane content of the LPG fuel
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To assess the impact of the methane addition to the LPG fuel, the relative vapour pressure
at a temperature of 40 °C was determined by simulation tests carried out in accordance
with the Dalton's law of partial pressures. The vapour pressure values of major LPG fuel
components at temperatures from -5 °C to 40 °C, according to PN-EN 589+A1:2012, have
been specified in Table 4.

Table 4. Vapour pressure values of major LPG fuel components at temperatures
from -5 °C to 40 °C, according to PN-EN 589+A1:2012

T [°C]
Component name -10 -5 0 ‘ 10 20 40
p, [kPa]
Methane 21334 22742 2421 27333 30707 38230
Ethane 1873 2128 2407 3040 3781 5613
Propane 346 405 472 630 826 1353
Isobutylene 90.17 109.5 131.9 187.6 259.9 466
n-butane 71.26 86.64 104.5 149.2 207.6 376.9
Isobutane 108.9 132.3 158.1 2214 302.7 531

Fig. 2 shows the vapour pressure of the LPG fuel with methane admixture at temperatures
from -5 °C to 40 °C.

1000
—-10deg C
—_5degC
800 - —0degC
—10deg C
—20deg C
= 600 —40deg C
(=™
=
< 400
200
0
0 0.05 0.1 0.15 0.2 0.25

Uchs [Yo m/m]

Fig. 2. Vapour pressure of the LPG fuel with methane admixture

To determine the limit value of the methane content of the LPG fuel under test with respect
to the criterion of maximum relative vapour pressure, simulation tests of the vapour
pressure of LPG fuel and methane mixtures at a temperature of 40 °C were carried out.
The simulation results have been presented in Fig. 3.
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Fig. 3. Vapour pressure of the LPG fuel with methane admixture at a temperature of 40 °C

Based on the simulation test results presented, the requirement defining the maximum
methane admixture to the LPG fuel according to Standard PN-EN 589 is met by an LPG fuel
blend with a methane content of up to 2.08% m/m.

Figs. 4 and 5 show effective power and torque vs. engine speed, respectively, in the
conditions of vehicle acceleration in fourth gear.
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Fig. 4. Effective power vs. engine speed in the conditions of vehicle acceleration in fourth gear
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Fig. 5. Torque vs. engine speed in the conditions of vehicle acceleration in fourth gear

In both of the graphs above, an engine speed range can be clearly seen where the
fuelling system is switched from LPG to petrol: LPG fuel - 4600 min™, M1 fuel - 4530 min™,
M2 fuel - 4550 min™. In the engine speed range where the engine is fed with gaseous
fuels, there are no considerable differences in the performance curves for the fuels under
test. This means that a methane addition to LPG at a level of about (0.1 + 0.2)% m/m has no
substantial impact on engine's energy characteristics in terms of its effective power and
output torque and on dynamic performance of the engine in terms of vehicle acceleration.

The specific distance emission values determined in the UDC, EUDC, and NEDC tests have
been presented in Figs. 6-9.

12
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Fig. 6. Specific distance emission of carbon monoxide in the UDC, EUDC, and NEDC tests
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Fig.7. Specific distance emission of hydrocarbons in the UDC, EUDC, and NEDC tests

Interestingly, a methane addition to LPG causes a reduction in the specific distance
emission of hydrocarbons in the urban traffic conditions, while in the extra-urban traffic,
the specific distance emission of hydrocarbons is slightly raised when methane is added
to LPG.

0.2 BLPG

0.15-

0.1
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0.05-
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Test

Fig. 8. Specific distance emission of nitrogen oxides in the UDC, EUDC, and NEDC tests

An approximately linear reduction can be observed in the specific distance emission of
nitrogen oxides with increasing methane content of the LPG fuel.
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Fig. 9. Specific distance emission of carbon dioxide in the UDC, EUDC, and NEDC tests

The specific distance emission of carbon dioxide also declines with increasing methane
content of the LPG fuel.

The operational fuel consumption in the UDC, EUDC, and NEDC tests has been shown in
Fig.10.
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Fig. 10. Operational fuel consumption in the UDC, EUDC, and NEDC tests

As in the case of the specific distance emission of carbon dioxide, the operational fuel
consumption declines, too, with increasing methane content of the LPG fuel.
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The operational energy consumption in the UDC, EUDC, and NEDC tests has been shown in
Fig. 11.
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Fig.11. Operational energy consumption in the UDC, EUDC, and NEDC tests

As in the case of the specific distance emission of carbon dioxide, the operational fuel and
energy consumption declines, too, with increasing methane content of the LPG fuel.

5. Recapitulation

In result of the tests carried out, it has been found that an addition of light aliphatic
hydrocarbons to the commercially available standard LPG fuel, in a proportion resulting in
the mass methane content of the fuel being of up to 0.2% m/m, causes no considerable
changes in the physicochemical fuel properties, such that they would adversely affect
the suitability of the fuels under test for the powering of spark-ignition engines. In respect
of the criterion of the temperature at which the relative vapour pressure is not less than
150 kPa, the fuels with an addition of light aliphatic hydrocarbons meet the criterion for
fuel grade A, unlike the standard LPG fuel, which meets the criterion for fuel grade C. The
requirements regarding the relative vapour pressure at a temperature of 40 °C are also
met by the fuels with an addition of light aliphatic hydrocarbons, and with a wide safety
margin at that. Simulation tests have indicated that the vapour pressure at a temperature
of 40 °C reaches its upper acceptable limit when the methane content is as high as
2.08% m/m.

The addition of light aliphatic hydrocarbons to the standard LPG fuel does not cause any
considerable changesinIC engine characteristics in terms of its effective powerand output
torque and in the dynamic performance of the engine in terms of vehicle acceleration.
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In result of the tests carried out, it has been found that even a small amount of light
aliphatic hydrocarbons added to the LPG fuel causes a significant reduction in the specific
distance emissions of air pollutants, especially carbon monoxide and hydrocarbons, from
a vehicle engine in type-approval driving tests. A small reduction in the fuel consumption
has also been found to result from the addition of light aliphatic hydrocarbons to the LPG
fuel.

The results of the research carried out show the reasonability of checking the impact
of larger methane amounts being added to the LPG fuel on engine's performance
characteristics. It also seems that it would be interesting to extend the scope of the
research programme so that it would cover the addition of hydrogen to the LPG fuel.

The full text of the Article is available in Polish online on the website
http://archiwummotoryzacji.pl.

Tekst artykutu w polskiej wersji jezykowej dostepny jest na stronie
http://archiwummotoryzaciji.pl.
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