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Summary
The key issue of this paper is the acquisition of information in the field of percentage composition of the
mixture of unleaded petrol Pb-95 and non-dehydrated distilled ethanol and modifying additions (ignition initiator,
water emulsifier, combustion stabilizer, corrosion inhibitor) for the supply of modern spark ignition engine, without
the need to introduce any changes of constructional nature or in the settings of the controller of engine’s ignition
structure.
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1. Introduction
The development of motorization and gradually decreasing raw materials of oil-derivative
fuels induces to search for fuel substitutes (commonly referred to as alternative fuels), as well as to
decrease the consumption of the non-renewable energetic raw material. Moreover, European law
limiting the emission of toxic components of exhaust fumes accompany the limitations in fuel
consumption and at the same time increase the requirements in the field of efficiency range of
modern drive units of motor vehicles.
One of the solutions is looking for new ecological fuels, among which fuels of vegetable
origin play a dominant role. Vegetable oils in their pure form practically are not suitable for spark
ignition engines due to high viscosity and density, low octane number and insufficient resistance
to low temperatures. Chemically processed vegetable oils known as methyl esters are devoid of the
aforementioned disadvantages.
Fuel substitutes (alternative fuels), including ethanol, can be applied in a broad range of
equipment and vehicles with four-stroke spark ignition engines, which constitutes 73% of car
participation in Poland and 62% in Europe. Presently these fuels are not produced on a commercial
scale in Poland. Ethanol increases the octane number, and, as an oxidant, causes smaller emission
of toxic combustion products such as carbon oxide, nitrogen oxides and dusts. Fuel mixtures with
a considerable amount of ethanol require, however, additives improving tribological characteristics
of fuel and decreasing its volatility.
Ethanol can be produced of many raw materials containing simple carbohydrates
(molasses, whey) or polysaccharides (starch, cellulose). In Poland, the main raw materials used for
the production of ethanol are rye and corn. In perspective, cellulose is a promising raw material for
ethanol production, with the hydrolysis of cellulose, however, being too expensive at this point.
The range of presented research was focused on the suitability of engines operating in cars
in town traffic. The research was supported by the measurements of the parameters of operating

engine quality (external characteristics, fuel consumption, cooling liquid temperature, the
temperature of fumes, toxic composition of fumes) appearing during the realization of the planned
stationary experiment on an engine test bench). The results of the research are useful for the
assessment of operation effectiveness of a spark ignition engine supplied with the fuel proposed
herein (power, torque, fuel consumption).

2. Research methodology
Cars equipped with internal-combustion spark ignition engines are an important group of
vehicles operating in economy of various types. Te research was focused on stationary
experiments – on engine test bench, limiting its range to partial power research, with parameters
determined through the analysis of the most frequently used power and torque in such conditions.
Having analyzed town traffic conditions (motivated below), a decision was made to conduct a
partial power research for the following parameters:
- power 22,82kW at 2000min-1, which reflects 32% of the nominal power,
- torque 109Nm, which 59% of the maximal torque at the rotary speed of 2000min-1.
The key target of the research was to check experimentally the possibilities of application
of non-dehydrated distilled ethyl alcohol in connection with base fuel Pb-95 in specific
proportions and special additives as refiners. Moreover, the influence of tested fuel on the
performance a spark ignition engine was tested, marking out engine’s external characteristics with
partial power (operating parameters similar to the ones of town traffic), researching at the same
time the emission of toxic substances. Stationary measurements that verify the assumptions of this
paper also aim at introducing into field tests a long-term test conditioning the implementation of
developed fuel.
2.1. Tested items
The tests were conducted on an engine of X20SED (2.0i DOHC) type – Fig.1, supplied
with the proposed fuel and its mixtures in specific proportions with petrol Pb95.

Fig.1. A general view of the tested engine and a sample mixture of fuel

For the supply of the tested internal-com bastion engine on which the usefulness of the fuel
proposed herein was verified the following components were used:
- commercial unleaded petrol Pb 95 with the following proportions: C(carbon) – 85%,
H(hydrogen) – 15%,
- ethanol fuel (90% non-dehydrated distilled ethanol, 10% modifying additives, including: 1,53,2% ignition initiator, 3-6% water emulsifier, 0,4-0,6% combustion stabilizer, 0,1-0,2% corrosion
inhibitor),
- and respective mixtures of the aforementioned fuels in the proposed proportions:
80 % Pb95 – 20 % Ethanol,
70 % Pb95 – 30 % E,

60 % Pb95 – 40 % E,
50 % Pb95 – 50 % E,
The fuel used for the purposed outlined in this paper is an innovative proposal of new
patent pending ethanol fuel – patent application number P 383859.
For the assessment of the influence and possibility of applying the innovative fuel a new
engine was used – of X20SED (2.0i DOHC) applied as a drive of such cars as Daewoo Leganza,
Nubira, as well as Chevrolet Rezzo and Evanda:
- spark ignition engine,
- number of cylinders - 4,
- cylinder diameter - 86,0 mm,
- piston stroke - 86,0 mm,
- engine cubic capacity - 1 998 cm3,
- compression degree - 9,6±0,2,
- nominal power - 98 kW at 6000 1/min,
- maximal torque - 184 Nm at 4400 1/min.
The tested internal-combustion engine belongs to one of the groups of the most frequently
applied types of spark ignition engines in midrange and luxury cars, considering capacity,
performance and technological advancement.
2.2. Test station
Stationary tests were conducted in a laboratory of internal-combustion engines. The test
station of a well-equipped engine test bench with a hydraulic brake was presented in Fig.2.

Description: 1 - engine, 2 - HWZ hydraulic brake, 3 - dynamometer, 4 - tachometer 5 - probe for the measurement of exhaust fume composition, 6 fume temperature gauge, 7 - exhaust system.

Fig.2. Test station scheme

The test station enables the realization of the following measurements:
- engine torque,
- rotary speed of engine craftshaft,
- engine oil temperature,
- cooling liquid temperature,
- fume temperature,
- temperature of water flowing out of the brake.
From the point of view of engine construction durability while supplying with the proposed
fuel, it was extremely important to monitor the temperature of flue gases. This measurement was
registered with the help of thermocouple placed at the level of lambda probe in the outlet levelling
device.
2.3. Test conditions
Measurements for the purpose of compiling engine characteristics while testing each type
of fuel were conducted in the following conditions:

the temperature of sucked air and surrounding pressure are similar to normal values as per PN78/S-02005;
burdening force, rotary speed, temperature of engine cooling liquid or oil are constant for
approximately 1 minute;
rotary speed of the crankshaft can fluctuate up to !10 1/min from the assumed value;
measurements of the rotary speed and fuel consumption last approximately 30 seconds in the
case of manually-controlled measurement;
measurements of torque and fuel consumption are conducted at the very same time;
the number of measuring points sufficient to obtain the characteristics of proper shape and
character of performance (as per BN-70/1374-01) – the minimum of 6;
measuring points are condensed near the extremum and other characteristic points on the
curves.
An engine test bench, where the tests were conducted, enables to prepare:
external characteristics of the engine (known as full power characteristics);
partial power characteristics;
load characteristics.
In the tests, experiment conditions and the way of determining the characteristics of
internal-combustion engines were specified as per the branch norm BN-70/1374-03.
Engine tests were conducted on unleaded petrol Pb95 as a base fuel, and it was a point of
reference chile supplying the engine with mixtures of Pb95 and ethanol fuel, simply called ethanol.
A significant element of the research was also an attempt to determine the influence of tested fuel
on the degradation of natural environment, as well as the durability and construction reliability of
the engine.
3. The analysis of test results
The results of the research presented in this paper concern outlining engine external
characteristics on partial powers – without the need to introduce any changes to engine
construction and while supplying the engine with innovative ethanol fuel.
Fuel – [Pb95 petrol]
Tests results for Pb95 were presented in Fig.3 and 4.

Fig.3. The course of the rotary moment Mo and power Ne of the tested engine

Fig.4. The course of unit fuel consumption of the tested engine

Unit fuel consumption with reference to rotary speeds, apart from neutral gear rotations
(900 to 1500 1/min), does not exceed the limits assumed for this type of engine. At the rotary
speed of 2000 1/min is a low value; however, it should be noted that it concerns the characteristics
of partial powers. As a result of the test on 30 spark ignition engines, an average value of unit fuel
consumption 345 g/kWh was obtained for the rotary speed of 2000 1/min.
Fuel – [Pb95 petrol 80% + ethanol 20%]
Test results for fuel mixture [80x20] were presented in Fig.5 and 6.

Fig.5. The course of the rotary moment and power of the tested engine

As shown in Fig.5, the tested engine supplied with the mixture achieved 9,4% higher
power, which proves better preparation of the inflammable mixture, as well as course of the
combustion process and greater portion of fuel injected into the cylinder. This is a consequence of
9,9% greater density of fuel. The course of unit fuel consumption is similar to the previous case;
however, at the rotary speed of 2000 1/min it is 6,4% lower, which is definitely influenced by the
better course of the combustion process. Engine supplied with a mixture of 80% Pb95 and 20%
ethanol in the range of 900 to 1700 1/min of rotary speeds had minimally lower rotary moment
values than when supplied with the base fuel. At rotary speed higher than 1700 1/min these values
exceeded the values of the base curve, reaching 5,5% higher than the curve at the speed of 2000
1/min.

Fig.6. The course of unit fuel consumption of the tested engine

Similarly to the supply with Pb95 only, unit fuel consumption was small and
equalled from 190 to 280 g/kWh in the rotary speed range of 1500 – 2000 1/min, which is
comparable to the consumption in the case of Pb95 only.
Engine torque
Engine torque presents possibilities of performing a given operation. Basic characteristics
with petrol Pb95, fuel consisting in 80% of Pb95 and in 20% of ethanol, as well as fuel 50% Pb95
– 50% ethanol were selected for analysis. An engine supplied with the last fuel achieved
satisfactory results. The comparison of the torque of the tested engine for three types of fuel
mentioned was presented in Fig.7.

Fig.7. The comparison of the torque value of the tested engine

Since the curve of engine torque supplied with petrol Pb95 was adopted as a basis for
comparison, its theoretical course was assumed, also referred to as a trend curve for this fuel. This
is a polynomial curve described with an equation shown in the corner of Fig.7. The degree of the
compliance of test results with this curve was investigated.
The variance of y feature equals: s2 = 348,066 and "2 = #2 / n s2
where: n – the number of measurement
hence: 2 = 19,25/ 12 x 348,066 = 19,25 : 4176,792 = 0,0046
This means that actual and theoretical values are incompatible only in 0,46%. In other words, they
are compatible in 99,54%. This enabled to determine the coefficient of compliance between two
curves, and at the same time to check the reliability of the research.
An engine supplied with a mixture of 80% Pb95 and 20% ethanol with reference to rotary
speeds from 900 to 1700 1/min achieved torque values minimally smaller than in the case of base
fuel only. Above the rotary speed of 1700 1/min these values exceeded the reference values,
reaching 5,5% above the curve at the speed of 2000 1/min.
For the mixture of 50% Pb95 and 50% ethanol, with reference to rotary speeds from 900 to
1800 1/min the tested engine achieved torque values considerably smaller (25% smaller) than
when supplied with base fuel. Above the rotary speed of 1800 1/min these values exceeded the
base curve values, reaching 2,7% above the curve at the speed of 2000 1/min.
The comparison of the trend lines for two remaining curves of the torque in Fig.8 does not
bring in any new information due to the fact that the trend lines, similarly to the torque curve of
the supply with Pb95, are polynomial curves of the second degree and the comparison of equations
describing them is as follows:
y t & %0,404 x 2 $ 10,274 x $ 42,557
Pb 95
Pb 95-80 %, E - 20 %
y t & %0,3063x 2 $ 10,008 x $ 39,83
Pb 95-50 %, E – 50 %
y t & %0,2818 x 2 $ 10,096 x $ 32,852

Fig.8. The comparison of the torque trend lines of the tested engine

The analysis of Fig.8 shows that the coefficient of conformity in the case of mixtures will
be similar to petrol Pb95, with a smaller value, however, for the mixture of Pb-80%, E-20 %. The
trend curves in the form of second degree equation reflect the nature of test results obtained on
engine test bench well.
Engine power
With reference to engine power, the situation is not so favourable, which is show in Fig. 9.
Power differences of the tested engine for partial loads of the tested mixtures of fuel are minima;
hence, the curves of the torque, being clearer and more diversified, were adopted for analysis.

Fig.9. The characteristics of partial powers of the tested engine

For fuel mixtures 30% Pb95 – 70% E, 20% Pb95 – 80% E there was no stable engine
performance in the whole range of rotary speeds included in the test; thus, no characteristics were
made in this case. The analysis of power curves shows that the mixtures of commercial fuel with
ethanol can be successfully applied for the supply of spark ignition engines, with the borderline
proportion in the composition of mixture being 50% Pb95-50%E (not more than this) due to
engine performance stability.
Unit fuel consumption
Unit fuel consumption for the rotary speed of 2000 1/min oscillated between 190,3 and 217
g/kWh and did not exceed the limits adopted for this type of engine operating on partial powers.
The curves obtained in the tests for all percentage relations of fuels show huge consumption with
reference to neutral gear, which is normally omitted in producers’ characteristics. That is why the
proper analysis was conducted for the range 1500÷2000 1/min of rotary speed. Fig.10 shows the
courses of unit fuel consumption for the three compositions of mixtures mentioned above.

Fig.10. Unit fuel consumption of the tested engine

The analysis of Fig.10 proves that the courses of unit fuel consumption are similar in
character in the case of petrol and ethanol mixtures. The mixture Pb95 80% - E 20% definitely has
the best results – at the rotary speed of 2000 1/min, fuel consumption is 6,3% smaller than for pure
petrol and mixture Pb95 50% - E 50%.
4. The assessment of the tested engine state degradation
In the research the change in engine durability during tests with different mixtures of fuels
was short-term, and the assessment of construction state changes was almost impossible. Taking
care of the repetitiveness of testing conditions, keeping recommended engine temperatures and
measuring gas temperature and its composition, in reference to normal performance conditions
with base petrol Pb95, determined the indirect, very approximate assessment of tested engine
degradation.
The obtained test results offer the following conclusions:
1. during the research, the engine was not subject to a long-term test and operated on partial
powers; during the test no engine failure or damage took place;
2. the temperature of media included in the statistical elaboration of test results, such as: cooling
liquid on engine input and output, fumes and fume emission components prove a stabilized
area of engine performance;
3. the results obtained for various mixtures of fuel in relation to the base fuel did not exceed
allowed parameter values prognosing the accelerated process of wear and tear of parts or the
whole engine;
4. organoleptic and technical assessment of the engine after the test did not disclose any damage
in the engine seal and no engine oil consumption was found.
Fume temperature
In the course of painting out engine external characteristic, fume temperature was
measured, taking into account the assessment of construction tension while supplying the engine
with various fuel mixtures. The tested engine fulfilled the requirements also in the case of
modified fuel - Fig.11.

Fig.11. Fume temperature for various fuels

Fig.11 presents two clusters of curves. The first one refers to fume temperature for petrol
Pb 95 and mixture Pb 95–80% plus ethanol 20%, where fume temperatures in the range from 1200
1/min to 2000 1/min of rotary speed were significantly higher (on average approximately 100ûC
higher). The second cluster of curves referring to other mixtures represents lower combustion
temperatures in the whole rotary speed range apart from the speed of 2000 1/min, at which all the
curves approach the value of petrol Pb95. Only the mixture with the proportions 70% Pb 95 - 30%
ethanol has a different course of combustion temperature, which for the rotary speed of 1800
1/min has similar values to petrol supply only. Undoubtedly, a considerable amount of petrol in
the mixture is responsible for this phenomenon.
Engine cooling liquid temperature
In the obtained test results the temperature of the cooling liquid on the input and output
was taken also into account. The measurement of this liquid’s temperature, reaching 70ûC on the
input and not exceeding 95ûC on the output, confirms proper thermostat operation and efficient
engine cooling system.
The values of cooling liquid temperature for different ethanol fuels did not differ from the
temperatures of liquids obtained during the test on base fuel.
Analysing the course of the conducted test, the lack of threats on the part of proposed
ethanol fuel to the efficiency, reliability and durability of engine construction can be stated. It
would be, however, too hasty to stop at this knowledge stage, without enriching them with future
durability tests.
5. Conclusions
Along with an increase in the requirements that fuels have to face, an increasing number of
cars worldwide, a perspective of running out of fuel resources, an interest in alternative energy
sources rises, particularly fuels of vegetable origin. Currently works on complex and proper
solution and ordering of the whole range of issues related to the realization of pro-ecological
initiatives in vehicle maintenance for the protection of natural environment are conducted.
As proved in this paper, ethanol can be used as an additive to petrol or constitute the main
component of fuels. The reason for applying ethanol as fuel is an increase in the independence of
the local fuel market and a decrease in the costs of fuel import, as well as the possibility o fair
contamination reduction and limitation of the influence of fuel combustion on the climate.
The production of ethanol for fuel industry is perfectly justified in Poland. Current
production enables to apply ethanol addition as a substitute for approximately 2% of fuels.

Considerable resources (waste, by-products from processing industry, surplus of crops) May
contribute to increase current ethanol production a few times and obtain ethanol’s 12%
participation in fuels. Experienced staff and proper production resources enable to cross possible
technical barriers while developing distilleries’ production powers, mainly through building
modern, complex installations.
The realization of tests and obtained results confirm the possibility of using the energetic
material of organic origin in question (bioethanol), whose acquisition and production can take
place in Poland, at the same time giving the option of making use of the agricultural potential and
ensuring the development of distilling industry.
The results of the presented research can constitute a basis for starting the next stage with
an extended scope of maintenance tests and, finally, the production of substitute fuel by Polish
petrochemical industry.
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