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ABSTRACT

The purpose of the study was to determine the effect of the fuel used in the spark-ignition engine of the selected
vehicle on the characteristics of maximum torque and power at the crankshaft of the engine as a function of crank-
shaft speed and the composition of exhaust gas. The vehicle engine was tested on a stand equipped with V-tech
VT-2/B2 chassis dynamometer, MAHA MET 6.3 exhaust gas analyzer and engine parameter monitoring system
in compliance with OBD standard. The tests used two commercial fuels with different test octane number (RON)
values of 95 and 100 octanes. Measurement of the characteristics of the maximum torque, power on the crankshaft
and the total power losses in the drive system, the contact of the wheels with the rollers of the dynamometer and the
dynamometer as a function of the crankshaft rotational speed was carried out using the acceleration method with a
dynamic load comprising the braking torque of the rotating masses and the electro-swirl brake. On the basis of the
test results, engine and drive system parameters of the vehicle, a set of measuring points determining the values of
the engine crankshaft speed and the torque generated by the engine crankshaft was determined, using the software
for generating driving test runs “the calculation of gearshift points for the WLTC cycle”. The parameters of the
selected engine operating conditions were within the ranges specified by the software for generating the selected
test runs. The content of selected exhaust gas components (carbon monoxide (CO), carbon dioxide (CO,), other
hydrocarbons (HC), oxygen (O,), A coefficient, nitrogen oxides (NO) and nitrogen dioxide (NO,)) was measured
for the selected operating parameters of the vehicle for the tested fuels. On the basis of the results of the toxic-
ity measurements, analytical models determining the content of individual components in the exhaust gases as a
function of the crankshaft rotational speed and the torque generated on the crankshaft and software simulating the
exhaust emissions of the selected vehicle moving under dynamic conditions were developed.

Keywords: engine, fuel, emission, exhaust gases, analysis.

INTRODUCTION

The changing legal environment regarding
exhaust emission standards drives rapid develop-
ment of the fuel and car engine markets [1-3].
There is progress in conventional and alternative
fuels. Electric and hydrogen engine technologies

96

in motor vehicles are financially promoted. In or-
der to determine the quality of fuel for internal
combustion engines, a various research methods
are used in chemical laboratories. The final verifi-
cation of the fuel should always end on test stand
with combustion engines [4-6]. The basic as-
sessment of the quality of fuel used in petrol and
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diesel engines is carried out in single-cylinder,
four-stroke research engines with variable com-
pression ratio, determining the tendency of die-
sel fuel to self-ignition, expressed by the cetane
number and the resistance of petrol to knocking
combustion, expressed by octane numbers [7,8].

Octane numbers (tested octane number (TON),
motor octane number (MON)) are a measure of the
resistance to knocking (detonation) combustion of
fuels intended to spark-ignition engines. For motor
fuels, octane number is determined by comparing
the resistance of the tested fuel to knocking com-
bustion with the resistance of the mixtures of refer-
ence fuels with known octane numbers (isooctane
and n-heptane) to knocking combustion, under
standardised test conditions. An electromechanical
detonometer is used for this purpose with a stand-
ardised knocking intensity achieved by changing
the compression ratio.

The combustion process depends on many
factors and on the engine design itself, but it is
largely dependent on the chemical composition of
the fuel. The higher the compression ratio used,
the greater the need for protection against deto-
nation combustion, so the octane number must be
correspondingly higher [9-10].

In Europe, two types of petrol are mainly
used to power combustion engines. They differ in
octane number, having 95 or 98 octanes. Outside
the European Union, other procedures for deter-
mining the octane number are often used. 98 and
95 petrols differ in composition and additives.
98 petrol is often used in sports models of Japa-
nese vehicle makes, such as: Honda Civic Type
R, Toyota GT-86, Subaru Impreza WRX STI or
Mitsubishi Lancer Evo. European manufacturers
usually decide to adapt their engines to 95 pet-
rol. As part of engine modifications, a compres-
sor or turbocharger is often used to increase the
compression ratio, which allows a larger amount
of mixture to be forced into the cylinder, which
leads to the increased pressure. Modern engines
are equipped with a knocking combustion sensor,
which checks whether uncontrolled detonations
occur in the combustion chamber when powered
by 95 octane petrol [11-13].

In 2018, a unified fuel naming system was in-
troduced in the European Union. From January
2024, at Polish petrol stations, petrol with an oc-
tane number of 95 (ES) has been replaced with
E10 petrol (petrol with a share of biocomponents
increased to 10%). However, the so-called Pre-
mium petrol with an octane number of 98 will

continue to be sold in the E5 format. The additive
used in these fuels is second-generation bioetha-
nol (made from agricultural production residues,
primarily cereal straw). The change at gas stations
is the result of EU regulations requiring Poland to
achieve 14% consumption of fuels from renewa-
ble raw materials used in transport by 2030 [14].

For many years, studies have been carried
out on the amount of pollutants emitted by in-
ternal combustion engines as a function of the
composition of the fuel mixture [15, 16]. In the
case of vehicles, this test shall be carried out on
the chassis dynamometer [17, 18]. Convention-
al and alternative fuels are analyzed. Very often
such analyses are carried out in the function of
driving tests [19, 20]. On the basis of collect-
ed data from the chassis brake, physicochemi-
cal parameters of fuels, technical parameters
of vehicles, quantitative models using neural
networks are built. On the basis of this type of
research, emission values are projected for oth-
er fuel blends, which often differ in their bio-
component content. The manuscript considered
the use of two types of ethanol-based fuels: €95
(this fuel consists of gasoline with 5% ethanol
added and intended for Flexible Fuel Vehicles,
and standard vehicles equipped with spark igni-
tion engines) and e100 (the fuel thus designated
consists mainly of ethanol with a purity of about
4%, the rest is water due to the problem of sep-
arating water from ethanol in the process of rec-
tification - azeotropic mixture. Fuels available
in Europe marked as €100, €95, €85, €20, e10.
The €100 fuel is a commercially available fuel to
achieve maximum parameters such as torque on
the crankshaft of the engine and power.

The aim of the research was to the influence
of fuel composition and octane number on ex-
haust emissions and performance of the engine
put under the analysis.

Operational parameters and chemical com-
position of exhaust gases were tested on the
spark ignition engine of a Fiat Grande Punto
Sport 2008. The tests carried out on a chassis dy-
namometer concerned the comparison of power
and torque generated by an engine powered by
fuels with an octane number of 95 and 100. Ex-
haust gas composition tests were carried out us-
ing the Maha Met 6.3 exhaust gas analyser. The
components of the exhaust gases were tested:
carbon monoxide (CO); carbon dioxide (CO,);
hydrocarbons (HC); oxygen (O,); air excess (A);
nitrogen monoxide (NO).
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MATERIALS AND METHOD

A chassis dynamometer was used to meas-
ure the power and load of the vehicle in order
to assess exhaust emissions. The choice of this
type of equipment enabled the use of a dynam-
ic measurement mode and a mode supporting the
maintenance of constant engine speed. Advanced
software used during the research allowed the au-
thors to obtain precise results, which were used to
develop charts and analyse the obtained data. The
exhaust gas analyser used in the research enabled
a precise assessment of the vehicle’s exhaust gas
composition, which provided a detailed analysis
of every measurement.

The vehicle was placed and secured on a chas-
sis dynamometer in accordance with the manufac-
turer’s guidelines. This action ensured stable and
safe conditions for carrying out the tests, minimis-
ing the risk of damage and ensuring reliable meas-
urement results. The vehicle’s fuel was changed
from 95 octanes to 100 octanes while the fuel tank
was empty. 10 litres of new fuel were poured into
the tank and a considerable distance was then driv-
en so that the vehicle operated on 100-octane fuel
during the test. First, the maximum engine power
was measured, and then exhaust emissions were
checked in the constant speed mode.

The vehicle, on which the tests were carried
out, was Fiat Grande Punto Sport manufactured in
2008. The vehicle was equipped with a 16-valve
1.4 T-Jet engine with a factory power of 88 kW
(120 HP) and torque of 200 Nm (Table 1).

The vehicle had undergone minor modifica-
tions. In the intake system, the factory air filter
was replaced with a filter insert with lower flow
resistance. In addition, a larger diameter down-
pipe was installed behind the turbocharger, and
the catalytic converter was replaced with a high-
flow one. For this reason, the actual values mea-
sured using a chassis dynamometer would be
higher than in case of fully factory vehicles. The
aim of these modifications was to increase the
maximum engine parameters (power and torque)
in relation to the factory values. These are basic
modifications carried out by persons or com-
panies that do not require interference with the
design of the intake system, exhaust system and
ECU control software. The target was achieved
because the maximum power of the vehicle ac-
cording to tests carried out on the chassis brake
was 104kW (with a factory value of 88kW). This
car has a permanent modification and is in use.
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Table 1. Basic technical parameters of the tested
vehicle according to the manufacturer

Parameter Description
Year of Manufacture 2008
Capacity 1368 cm?
Fuel type 95-octane unleaded petrol

Maximum power 88 kW (120 HP) at 5000 rpm
200 Nm at 1750 rpm

Front, transverse

Maximum torque

Site of the engine

Supercharging system Turbocharged
Camshaft type DOHC

Number of cylinders 4

Number of valves 16

Compression ratio 10.0:1

Cylinder diameter 72 mm

Piston stroke 84 mm

Injection type Multi-point (MPI)
Exhaust emission standard | EURO 4

Drive type Front axle

The tested vehicle was equipped with a man-
ual gearbox with five forward gears and one re-
verse gear (Table 2).

Equipment used in the research:

e emission probe,

Emission Software,

Maha Met 6.3 exhaust gas analyser,

OBD II (on board diagnostic),

Chassis dynamometer V-tech, model VT-2/B2.

A V-tech chassis dynamometer, model VT-2/
B2, was used to perform power measurements
and to load the engine during exhaust gas mea-
surements (Table 3). It is a single-axis dynamom-
eter with two additional eddy current brakes. The
VTech Dyno 6 software was used to operate the
dyno during measurements.

The computer software, which was included
in the basic exhaust gas analyser kit, was con-
nected to the analyser via a Wi-Fi network. The
measurement probe was connected to the analyser
and OBD II was inserted into a special connector
inside the vehicle. Table 4 shows the technical pa-
rameters of the Maha Met 6.3 exhaust gas analyser.

The tested vehicle was placed with its front axle
on the rollers of a chassis dynamometer (Fig. 1,
Fig. 2). The vehicle was pressed to the rollers us-
ing special belts passed through the control arm on
the front axle. The rear wheels were secured with
transport belts and attached to the dynamometer. A
mobile turbine fan placed approximately 1 metre
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Table 2. Specifications of the gearbox installed in the

tested vehicle

Table 3. Specifications of the dynamometer used to

carry out the tests [20]

Parameter

Description

Specifications

Description

Gearbox name

Fiat C510.5

Type

Load

Gears 1,2,3,4,5

With tapered teeth

Dimensions (length/width)

1150 mm/3170 mm

Reverse gears

With straight teeth

Max/min wheelbase

2200 mm/900 mm

Synchronisers

Conical by Borg-
Wagner

Clutch shaft bearing on the clutch
side

Ball

Minimum tyre diameter

400 mm

Maximum load on the axle

3000 kg

Number of axles

1

Clutch shaft bearing on the rear side

Double row ball

Brakes

2x1000 Nm eddy
current brake

Gear of the final drive

Roller with tapered
teeth

Main shaft bearing on the clutch side | Roller -
- - - Maximum speed 300 km/h
Main shaft bearing on the rear side Ball - —
- Maximum power in inertia mode 450 kw
1st gear ratio 3.909 - - -
Maximum power in dynamic mode 1000 kW
2nd gear ratio 2.238 and road tests
3rd gear ratio 1.444 Maximum power in constant speed 540 kW
- mode (wheel power)
4th gear ratio 1.029
Power measurement accuracy, 0.1%
5th gear ratio 0.767 inertial mode =7
Reverse gear ratio 3.909 Power measurement accuracy,

braked mode

1%

Power supply (without cooling and
exhaust fans)

min. AC 400 V/32 A

Final drive ratio 3.563 - - —
- - — Compressed air required Minimum 6 bar
Total gear ratio of the drive unit in 13.928
1st gear : Default location Universal
Total gear ratio of the drive unit in 7.974
2nd gear
Total gear ratio of the drive unit in 5145
3rd gear ' were used. In the structure of the neural network,
Total gear ratio of the drive unitin | 5 non-linear activating functions f (x) and f,(x) de-
4th gear ) . . . .
. . — fined by the relationship were used in the hidden
Total gear ratio of the drive unit in . . L.
5th gear 2.733 layers, and in the output layer, a linear activating
Total gear ratio of the drive unit in 13.928 function f,(x) was used in the form:
reverse gear ) 2
Differential inner housing bearings Conical f.(x) = 1
1(0) 1+ exp(—2 XL wix; + b;) M
09 . ®)
. . .. . 2X) =
in front of the vehicle’s bumper and positioned in 1+ exp(—=2 XL, uiX; +by)
a way, which enables proper engine cooling. To n
ensure the measurement accuracy, the procedure f3(x) = Z viX; + b; 3)
was repeated three times. The purpose of repeat- i=1

ing the measurements was to eliminate possible
errors. To build the neural model, the “Multilayer
Feed Forward Backpropagation Network™ neural
network structures with approximating properties

Table 4. Values measured by MAHA MET 6.3 [21]

where: b, — polarity values of neurons in indi-
vidual layers; x, — input signals for the
neuron;w,, U, v, — weight values of neu-
rons in individual layers.

Value Unit Measurement range Measurement accuracy
CcO [%] 0-15 0.01
CO, [%] 0-20 0.01
HC [ppm] 0-30000 1
o, [%] 0-25 0.01
A - 0-9.99 0.01
PM 10 [mg/m?] 1-1100 1
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Figure 1. Simplified diagram of the vehicle attached to the dynamometer: 1 — fixing to the control arms,
2 — fixing to the rear wheels

Figure 2. Tested vehicle undergoing tests on a chassis dynamometer

The Levenberg-Marquardt algorithm was
used in the network training process, which is
based on the optimisation process through find-
ing the minimum value of the objective function
defined as the average value of the sum of the
squares of the differences between the current
values of the network output signals and the val-
ues set in the form:

m
1
88 = — 3" (d; - yy)? @)
& = (di —y1)
i=1
where: y, — learning values set; d, — values of net-
work responses in the learning process.

Research results

The tests were carried out on 2008 Fiat
Grande Punto Sport vehicle equipped with a
spark-ignition engine. The research results are
presented in charts and tables. The tests were car-
ried out at various engine speeds, and emissions
were examined using an exhaust gas analyser.
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Determination of engine characteristics

The engine characteristics were determined
using a chassis dynamometer. Precision of the
equipment ensured accurate readings of the en-
gine power and torque depending on the meas-
urement time and engine crankshaft revolutions
(Fig. 3, Fig. 4).

Below there are charts drawn up based on data
obtained during maximum power measurements
on a chassis dynamometer. The study consisted of
three measurements. During each measurement,
the engine operated on 95 and 100 octane fuel.

Analyzing Figures 3 and 4, it can be seen that
in Figure 3b there is an overlap of the curves from
the acceleration test on the chassis dynamometer
(test number 1 and 3). This is due to the correctly
performed test and repeatability.

Analysing the comparison charts for both
types of fuels, significant differences in the per-
formance of the engine in different revolution
ranges can be seen. Particularly visible changes
can be observed in the mid-speed range, where
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Figure 3. Chart of the engine speed measured during the acceleration test: a — 95 octane fuel, b — 100 octane fuel
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Figure 4. Combined chart of engine power and engine crankshaft torque: a — 95 octane fuel, b — 100 octane fuel
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a significant increase in torque between 2,200
and 3,800 rpm is noticeable (for e100 rotational
speed 2500rpm torque 267Nm, for €95 rotational
speed 2500rpm 222Nm, e¢100 rotational speed
3800 245Nm, for €95 rotational speed 3800
torque 214Nm). Of course, these performance
differences are not limited to this rpm range, but
are present throughout the entire engine operat-
ing spectrum. Despite this noticeable difference
in torque, it is worth noting that the engine’s
maximum power remains almost unchanged.
Nevertheless, due to the specificity of the torque
increase, especially in the practical range, we see
an improvement in the vehicle flexibility. This is
important because it translates into better vehicle
performance and overall usability in various road

conditions. The flexibility of the vehicle is de-
fined as the amount of maximum torque to torque
at maximum power. In this case, an increase in
maximum torque was observed with the un-
changed torque value for maximum power.

Exhaust gas composition testing

Based on the conducted research, a compar-
ison was made of the emission of an engine op-
erating on 95 octane and 100 octane fuels. The
results of the exhaust composition tests for two
different fuels at engine crankshaft speed and en-
gine torque are shown in Table 5.

The following procedure was used to obtain
the measurement results shown in Table 5: using

Table 5. Summary of the results of the exhaust composition test for two different fuels, the change in engine

crankshaft speed and engine torque

Octane value Rotation speed | Power Torque CO CO, HC o, A NO NO,
[] [r/min] (kW] [INm] %] | [%] | [ppm] | [%] [] [ppm] [ppm]
95 1500 3 19.09859 | 0.52 | 14.2 | 216.9 | 0.835 | 1.0151 1679.6 0
95 1500 7.2 45.83662 0.52 14.3 | 208.6 | 0.665 1.007 2733.8 0
95 1500 11.4 72.57465 | 0.515 | 14.3 | 186.3 | 0.613 | 1.0059 3381.9 0
95 1500 155 98.67606 0.5 |14.31 | 157.3 | 0.594 | 1.0063 3302.8 0
95 2000 4.3 20.53099 |0.535| 14.3 | 189 | 0.692 | 1.0088 1989.8 0
95 2000 12.9 61.59296 | 0.524 | 14.36 | 180.4 | 0.541 | 1.0019 3445.7 0
95 2000 215 102.6549 | 0.52 | 14.4 | 141.6 | 0.502 | 1.0021 3467.9 0
95 2000 30.1 143.7169 | 0.523 | 14.4 | 104.1 | 0.448 | 1.0009 3226.4 0
95 2500 5.7 21.7724 0.616 | 14.2 | 191.7 | 0.756 | 1.0092 2440.2 0
95 2500 17.7 67.60902 0.57 14.3 | 170.2 | 0.569 | 1.0029 3634 2
95 2500 32.7 124.9048 0.56 14.4 | 1179 | 0.49 1.001 3369.9 0
95 2500 40.7 155.4625 | 0.54 | 14.44 | 88.2 | 0.417 | 0.9997 3204.6 0
95 3000 7.2 2291831 | 0.591 | 14.3 | 144.7 | 0.692 1.009 2550.6 0
95 3000 21.2 67.4817 | 0.553 | 14.39 | 139.6 | 0.534 | 1.0032 3621.1 29.7
95 3000 34.2 108.862 | 0.794 | 14.2 | 108.6 | 0.584 | 0.999 3484.9 30.7
95 3000 48.2 153.4254 | 0.59 | 14.4 | 103.3 | 0.529 1.003 3540.7 26.4

100 1500 3 19.09859 | 0.506 | 14.4 | 187.9 | 0.823 | 1.0158 2085.7 0
100 1500 7.2 45.83662 | 0.515 | 14.4 | 168.3 | 0.682 | 1.0095 3139.3 36.2
100 1500 11.4 7257465 | 0.493 | 145 | 160 | 0.642 | 1.0088 3518.3 42.6
100 1500 155 98.67606 | 0.505 | 14.49 | 144.8 | 0.624 | 1.008 3175.143 41
100 2000 4.3 20.53099 0.52 14.4 | 175.6 | 0.704 1.01 2443.1 0
100 2000 12.9 61.59296 | 0.53 | 14.44 | 164.4 | 0.579 | 1.0046 3693 36.9
100 2000 21.5 102.6549 | 0.509 | 14.5 | 127.9 | 0.547 1.005 3741.4 35.1
100 2000 30.1 143.7169 | 0.53 | 145 | 92.2 | 0.482 1.003 3426.2 23.8
100 2500 5.7 21.7724 0.57 | 14.37 | 169.8 | 0.714 | 1.0095 2704.4 8.7
100 2500 17.7 67.60902 | 0.585 | 14.4 | 155.3 | 0.6 1.0042 3944.7 39.6
100 2500 32.7 124.9048 | 0.559 | 145 | 96.5 | 0.492 | 1.0022 3706.5 25.9
100 2500 40.7 155.4625 | 0.56 | 14.5 | 84.8 | 0.438 1 3664 0
100 3000 7.2 22.91831 0.61 14.3 | 154.7 | 0.718 | 1.0171 2873.8 2
100 3000 21.2 67.4817 0.577 | 144 | 141.2 | 0.57 1.0037 4159.2 36
100 3000 34.2 108.862 | 0.551 | 14.5 | 108.9 | 0.49 1.002 4114.2 28.2
100 3000 48.2 153.4254 | 0.67 | 14.4 | 96.8 | 0.558 | 1.00182 4046.3 324
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a chassis dynamometer, the correct point of ve-
hicle operating parameters was set, taking into
account engine speed and engine load. The load-
ed vehicle was operated for at least 3 minutes to
stabilize the operating conditions. After that, at
least ten measurement tests were carried out for
the individual quantities considered. The results
in the table represent the average values from
these measurement trials.

Examination of exhaust gas composition
using neural networks

As part of the research work, quantitative
models of the content of the substances under
consideration in the exhaust gases were prepared.

Table 6 shows the results of fitting quantitative
models obtained from the neural network learning
process. (ANN — network computing structure;
OCT - octane value of fuel [-]; n — crankshaft
speed [rpm]; P — engine load index [%]).

In the case of the construction of neural mod-
els for the content of O,, NO, very good param-
eters of the degree of adaptation of structures to
the measurement data were obtained (R? above
0.97). On the other hand, the models for CO, HC
and A were characterized by a good degree of fit
in the range 0.94 to 0.95. The model based on the
neural network for CO, did not obtain satisfac-
tory values of the degree of fit to the measurement
data (R? 0.83), which may indicate an increased
scattering of the measurement data.

Then, using neural networks, the content of
individual substances in the exhaust gases was
analysed for the selected vehicle (Fig. 5, Fig. 6,
Fig. 7, Fig. 8, Fig. 9, Fig. 10, Fig. 11).

The surfaces of the obtained models shown
in Figure 5a and b indicate that the CO content
within the range of the engine operating condi-
tions under consideration with the change in ro-
tational speed and torque are characterized by

high stability. Figure 5c, on the other hand, shows
that for speeds below 2500 rpm, regardless of the
torque value, the e95-fuelled engine emitted high-
er CO values. At higher engine crankshaft speeds,
a slight reduction in CO content compared to the
€100 fuel-powered engine was observed.

Figures 6a and 6b above show a very stable
CO, content in exhausts as a function of chang-
es in crankshaft speed and torque load. This
reflects the correct operation of the test engine
for the composition of the fuel mixture similar
to stoichiometric conditions (A =1). Figure 6¢
shows the differences between the CO, content
for an e95 fuel-powered engine and an €100
fuel-powered engine. The e100 fuel-powered
engine had a higher CO, content overall than
the e95 fuel-powered engine.

In the case of Figures 7a and b, the obtained
models indicate a slight decrease in HC content
as the engine crankshaft speed increases. On the
other hand, the increased load leads to a signifi-
cant reduction in the HC content in the exhaust.
Comparing the changes in HC content (for €95,
e100 fuel) in the engine load area under consider-
ation on the basis of Figure 7c, it can be seen that
the engine powered by €95 fuel obtained higher
HC content values compared to the engine pow-
ered by e100 fuel.

Graphs 8a and b show the O, content curves
as a function of speed changes and torque changes
for the fuels under consideration. As in the case of
CO,, the graph surfaces indicate very stable values,
which result from the specifics of the operation of
the spark ignition engine. In the case of Figure 8c,
it was noted that for a rotational speed below 2000
rpm the engine obtains fuelled €95 obtains lower
oxygen content in the exhausts relative to the €100
fuel. In the mid-range of engine speed (2500rpm)
for minimum or maximum torque values, the e95-
fuelled engine produces exhausts containing more
oxygen than the e100-fuelled engine.

Table 6. Summary of results of matching quantitative models obtained on the basis of the learning process of

neural networks

Quantitative model Number of neurons in the hidden layer [-] Matching Factor R?[-]
CO = ANN(OCT, n, P) [%] 3 0.941909
CO, = ANN(OCT, n, P) [%] 1 0.834807
HC = ANN(OCT, n, P) [ppm] 2 0.954155
O, = ANN(OCT, n, P) [%] 4 0.975806
A =ANN(OCT, n, P) [-] 4 0.956957
NO = ANN(OCT, n, P) [ppm] 2 0.976101
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Figures 9a and 9c show the changes in the 4
content of the exhaust factor obtained for tests us-
ing €95 and e100 fuels. Built models using neural
networks indicate for this parameter a very high
stability of the value with changes in the rotation-
al speed and torque of the engine. The obtained
runs confirm the correct operation of the tested
engine with spark ignition. The differences in
these values may be due to the limitations of the
engine control systems. Figure 9c shows that the
e95 fuel-powered engine obtained lower A factor
values than the e100 fuel-powered engine.

The test engine was characterized for mini-
mum loads by higher values of the Air to fuel ra-
tio (higher values AFR - air to fuel ratio) than for
heavy loads (for small loads A 1.018-1.022, for
large loads A 0.995-1.00).

The obtained models of NO content in ex-
hausts indicate that the engine was characterized
by small changes in this parameter in the func-
tion of speed and torque for the range above 50
Nm. On the other hand, for a load value below
50 Nm, the reduction in the content of this pa-
rameter strongly affects the reduction in the NO
content in the exhaust. In the case of Figure 10c,
the content comparison for the €95 and e100 pow-
ered engine indicates that the e95 fuel-powered
engine obtained a higher NO content in the ex-
haust throughout the range of engine operating
conditions (change in speed, torque).

DISCUSSION

To sum up, the test results indicated that 100
octane fuel may be more beneficial in terms of en-
gine performance, but was associated with higher
nitrogen oxide emissions and the potential pres-
ence of particulate matter. On the other hand, 95
octane fuel was less efficient in terms of power
and torque, but lead to lower NO,_ emissions.
Both performance requirements and environmen-
tal issues must be considered when selecting fuel
for an engine. 100 octane fuel may be preferred if
engine performance is a deciding factor. In turn,
95 octane fuel may be more suitable in situations
where the priority is to reduce exhaust emissions,
including nitrogen oxides. There is a belief that a
higher number of octanes adds power to the en-
gine. That’s not true. Petrol with a high octane
number will allow you to obtain more power, as
it allows you to increase the pressure in the cyl-
inder. However, to achieve this, it is necessary to
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modify the drive unit, for example by recharging
or reducing the combustion chamber.

The introduction of ethanol into the motor
gasoline formula affects the physicochemical and
functional properties of such fuels [23]. Bioetha-
nol, as an alternative fuel, is interesting because
it can be used without major modifications in
conventional combustion engines using fossil fu-
els. However, further research is needed because
gasoline and ethanol have different spraying and
combustion properties due to differences in their
physical properties.

The results of the studies presented in this
manuscript confirm the positive impact of com-
bustion of biofuels €95 and e100 on engine power
and efficiency. Studies on the impact of E85 bio-
fuel combustion on engine power and efficiency
are presented in [24]. In addition to the chemical
properties of E85 biofuel and BA95 model fuel,
in particular the net fuel value, the efficiency of
the internal combustion engine is also influenced
by fuel consumption and engine power. In turn,
studies in [25] show that as the share of ethanol in
the gasoline mixture increases, so does the share
of heat released from the combustion of injected
fuel. More heat can be converted into mechani-
cal work. Blends containing ethanol burn faster
than gasoline without ethanol. All these proper-
ties have a direct impact on the engine output
parameters and overall engine efficiency. Model-
ling and prediction of cavitation erosion in €100
fuel-powered GDi injectors was published [26].
The use of e100 fuel poses a challenge to the du-
rability of the fuel injection system components,
as it can cause corrosion, further exacerbated by
cavitation-induced erosion. In the paper [26], the
authors use calculated fluid dynamics (CFD) both
to analyze the flow and to predict sites prone to
cavitational erosion in e100-powered multi-shaft
gasoline injectors (GD1).

The paper [27] presents a study concerning
the penetration length, spray angle, and spray pat-
tern were analyzed through spray experiments in
which the blend ratio of ethanol-gasoline blended
fuel was varied. In addition, a direct injection-
type flex fuel vehicle engine test device was built,
and the combustion and knocking characteristics
were investigated with respect to the ethanol ratio
through an engine test. Compared with the brake-
specific fuel consumption and the combustion
pressure of EO, those of €100 increased by 28.7%
(because the lower heating value was lower for
¢100) and reduced by 11.2%, respectively.
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Figure 9. Quantitative model of changes in excess air coefficient A [-] exhaust gas as a function of crankshaft
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Assessing light flex-fuel vehicle emissions
with ethanol/gasoline blends along an urban cor-
ridor: A case of Fortaleza/Brazil was the subject
of research presented in the publication [28]. In
research proposes a comprehensive impact evalu-
ation of an FFV when traveling on BRT corridors,
specifically on lanes from mixed traffic, and eval-
uate the emission factors, specifically on lanes
from mixed traffic, composed of a wide variety
of vehicle types.

CONCLUSIONS

As a result of comparative tests conducted on

95 and 100 octane fuels on a chassis dynamometer,

a number of important conclusions were drawn:

e The engine running on 100 octane fuel dem-
onstrated higher power and torque in the mid-
range rpm than on 95 octane fuel. These results
suggested that 100 octane fuel promoted better
use of the energy contained in the fuel, which
translated into better engine performance.

¢ Based on the test results, the €100 fuel-powered
engine was characterized by greater flexibility
than the €95 fuel-powered engine due to a sig-
nificant increase in the maximum torque value.

¢ With higher engine power for 100 octane fuel,
higher emissions of nitrogen oxides (NO and
NO,) were noticed. This was potentially due
to the higher combustion temperatures of 100
octane fuel, which favoured the formation of
nitrogen oxides.

e The lambda coefficient of CO, content and
O, content are in accordance with the prin-
ciples of operation of the engine with spark
ignition and confirm the correctness of the
experiment carried out.

e The contents of other pollutants, such as
emissions of carbon dioxide (CO2), hydro-
carbons (HC) and carbon oxides (CO), were
similar for both fuels.

e The lambda coefficient, measured to assess
combustion efficiency, was stable and almost
identical for both fuels.
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