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Abstract

As one component that may affect performance and emissions is that the cyclic variation if the cyclic
variation is simply too large, the resuﬁvery influential on torque ﬂucluelli()nwhich may reduce the engine
driveability. This study examines the effect of gasoline bioethanol blends on a single-cylinder spark-ignition
engine which is distributed by variations of fuels (EO, ES, E10, and E15) by adding 0.5 % vol/vol oxygenated
cyclohexanol. The test results can improve COVygp In the cycle to cycle variations so torque fluctuations are
often minimized which ends in improved engine performance (heat release), besides that emissions become

better.
Keywords: Ethanol fuel; performance; emission gas; coefficient of variation.
1. Introduction

Some internal ethanol characteristics cause the utilization of ethanol within the Otto engine to be better than
gasoline. Ethanol incorporates a research amount of 108.6 and a motor octane of 89.7. This number (especially
research octane) exceeds the most value which may be achieved by gasoline (even after adding certain additives

to gasoline).
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Some properties of ethanol differ significantly from gasoline hydrocarbons like polar characters ie., high
affinity for water, unlike hydrocarbons, ethanol is extremely soluble with water [1, 15]. Therefore ethanol
significantly increases water solubility in hydrocarbon fuels. this can be very useful and desirable (for example
prevention of freezing of the fuel system), but the power to stay water-soluble in a very mixture of gasoline-
ethanol is strongly influenced by temperature. A decrease in fuel temperature below a specific level causes the
separation of the water phase. This leads to significant degradation of gasoline quality, a part of the oxygen
content disappears, the octane value decreases and volatility changes. Thus the utilization of a combination of
gasoline-ethanol can cause problems. The amount within the Otto ine's fuel shows its ability to avoid
burning the air-fuel mixture prematurely (self-ignition). The burning of the air-fuel mixture within the Otto
engine prematurely will cause the phenomenon of knocking (knocking) which has the potential to cut
back engine power and might even cause serious damage to engine components. During now, the knock
phenomenon limited the utilization of high compression ratios on gasoline engines. The high amount in ethanol
allows the utilization of high compression ratios within the Otto engine. The correlation between efficiency and
compression ratio has implications for the actual fact that the Otto engine %Clhill‘]()l fuel (partially or
wholly) incorporates a higher efficiency compared to gasoline fuel. Experimental research has been meted out to
judge the consequences of ethanol and gasoline performance, emissions, and fuel combustion on fuel engine
spots when operating with a skinny air-fuel mixture (lambda 0.9 - 1.6). Combustion parameters like combustion
duration, ignition delay, temperature and pressure within the cylinder, and warmth release level are analyzed
and accustomed to understanding fuel consumption behavior and emission of lean combustion mode compared
to stoichiometric conditions. The experimental results show that combustion instability occurs after lambda 1.4.
This causes a rise in fuel consumption. Instability is additionally because of a decrease in combustion
temperature, with high heat release and low combustion temperatures in a very lean mixture. In general, ethanol
produces greater combustion efficiency [2, 22, 23], besides the utilization of ethanol also can improve the
emissions produced, directly proportional to the acceleration rate of the vehicle [3, 24]. Paper [4] tests
independently using low-quality distilled bioethanol which utilizes waste heat in an exceedingly compact
distillator to provide high-quality bioethanol ready to be used as a fuel mixture. From the test, it had been found
that the wheel power and wheel torque produced from a combination of gasoline and bioethanol have a
better value than pure gasoline fuel. The mixture of gasoline and bioethanol can increase power up to fifteen %.
While the torque values produced within the mixture of E5, E10, and E 15 are 6.92 Nm, 6.64 Nm, and 6.92 Nm,
respectively, where the worth is over pure gasoline at 6.1 Nm. Torque values were produced in an
exceeding mixture of ES, E10, and E 15 with oxygenated additives respectively 7.5 Nm, 7.6 Nm, and 7.53 Nm
[5]. The addition of oxygenated cyclohexanol generally can improve the performance (torque and power)
produced by the fuel engine. Torque and brake power increase after engine rotation above 5000 rpm. the
best torque value is obtained from the variation of EI0 ++ at 9.09 Nm at 6,000 rpm engine speed, 2.6
Y over pure gasoline (E0). the foremost optimal power (brake power) 1s generated by a variable E15 of 6.84 kW
at 8,000 rpm engine speed which increases 1.94 to wd proud of EO [6]. Paper [7] conducted a comparative
periment, administrated at the injection port of an Internal Combustion Engine with ethanol hydro-fuel
gasoline (E10W), ethanol gasoline (E10) and pure gasoline (E0). the results of engine load and also the addition
of ebn()l and air on combustion and emission characteristics are analyzed exhaustively.in step

with experimental results, compared to E0, EIOW shows higher results for cylinder inlet pressure at high
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loads. the utilization of EIOW increases NOx emissions at high loads. However, at low loads, HC, CO, and CO;

conditions are significantly reduced. EIOW also produces less HC and CO, while COs
emissions aren't signiﬁcw affected in higher operations. Compared to E10, EIOW shows higha leads
to pressure and cylinder heat release rates under the operating conditions under test. Also, a discount in NOx
emissions was observed for EIOW from 5 nm to 100 nm, while HC, CO, and CO; were slightly higher in low
and medium load conditions. From the results, it's going to be concluded that the EI0W fuel could also
be considered as a possible alternative fuel applied to atcrmll Combustion Engine. Paper [8] conducted
experiments to attenuate cyclic variations on the SI engine, ba.'ontmlling the spark timing for the entire cycle in
an exceeding row. Used system idcntiiﬁlti()n techniques, a stochastic model was performed between spark
timing and maximum cylinder pressure, a stochastic model was performed between spark timing and maximum
cylinder pressure. the most cylinder Btssurc from the following cycle is estimated with this model. Conggel

algorithms generated from LabView and installed into the sector Programmable Gate Array chassis. The test

results, the most cylinder pressure of the following cycle may well be predicted quite well, and also the spark
timing may well be adjusted to keep up the most cylinder pressure desired to cut back cyclic variations. within
the fixed spark timggg experiments, COV Pmax and COV imep were 3.764 and 0.677 %, while the results
decreased to three.208 and 0.533 that when thcﬁMV controller was applied. Paper [9] applies anhydrous
ethanol to replace gasoline fuel which has shown benefits in terms of engine thermal efficiency, power output,
and exhaust emissions from SI engines. Hydrous ethanol has also received more attention because of its energy
and cost effectiveness. The main objective of this work 1s to minimize the amount of fuel injected into the
engine's four-cylinder intake port at idle coudil'ﬂus. Engines with hydrous ethanol undergo lean-burn conditions
and their combustion stability is analyzed. The coefficient of variation indicated the average effective pressure is

indicator for the stability of combustion with hydrocarbons arﬁm()nil()ring carbon monoxide emissions.
Anhydrous ethanol burns faster than hydro ethanol in the fuel-air ratio under idle conditions. Burning leaner
hydrous ethanol tends to increase the coefficient of vanation in the average indicated effective pressure.
Experimental results have found that the engine consumes 10 % greater hydrous ethanol based on mass
compared to anhydnwethanol. The main objective of this work is to explore the stability of burning hydrous
ethanol whmu']ling under lean conditions in SI engines. In-cylinder pressure according to the position of the
crankshatft 1s mnﬂsuned and some combustion characteristics, e.g. heat release rate, fraction of the burned mass,
and coefficient of variation are calculated by the first law of thermodynamics and discussed as a comparison
with anhydrous ethanol and base gasoline. The aim of the experimental study is to use a mixture of gasoline-
engine and anhydrous ethanol with the addition of cyclohexanol oxygenated additives which can reduce the
coefficient of variation of the combustion cycle so that the engine driveability is increased as indicated by heat

release and the resulting exhaust emissions.
2. Methods and Materials

The engine utilized in this study was the SI nda type AFX12U21CO07 single cylinder 125 c¢ SOHC with the

electronically controlled mechanical system. General specifications of the test engine as in table 1.

The fuel used is 7 types of the gasoline-bioethanol mixture (EO, ES, E10, E15, E5++, E104++, and E15+4)
prepared based on variable mixing ratio form RON 88 to RON 96, ethanol quality by volume, with a mix of E5,

57




International Journal of Sciences: Basic and Applied Research (1LISBAR) (2020) Volume 51, No 1, pp 55-67

E10, and E15, additionally because of the addition of cyclohexanol (C6H120) additive with a composition of

0.5 % vol on each fuel mixture (E5++, E10++, and E15++).

Table 1: Test engine specifications

General Specifications

arameter

Engine Type 4 stroke, SOHC, single-cylinder
Displacement 125 cc

Bore x stroke 524 mmx 57.9 mm

Compression ratio 93:1

Max Output 7.4 kW /8,000 rpm

Max Torque 9.3 Nm /4,000 rpm

Fuel System Fuel Injection (PGM-FI)

Lubricant Capacity 0.7 L at pgeiodic maintenance

Clutch type Multiple wet Clutch with Coil Spring

Transmission type

4 Speed Manual, Rotary

Starter type

Electrical and Kick Starter

Table 2: Fuel types

Fuel Gasoline ‘ Ethanol ‘ Additive
Types ol/vol

EO % 0 0

E3 95 5 0

E10 90 10 0

E15 85 15 0

E5++ 95 45 0.5
E104++ 90 95 0.5
E15++ 85 14.5 0.5

Cyclohexanol is alcohol consisting of cyclohexane containing a single hydroxyl substituent, including into
secondary alcohols, one of which functions as a solvent is produced industrially from phenol through
hydrogenation in the presence of Ni/Al:O; catalysts and from cyclohexane through oxidation with molecular
oxygen Nano crystals (catalyst). The mixture 1s formed in the fuel tank and inlet manifold. So the level premix
is high entirely and constant approximately. Therefore, mass flow rates can be measured and controlled at once.
Testing the properties of fuel from various gasoline-bioethanol mixtures is carried out. Characteristics of

gasoline and bioethanol are shown in table 3.

Cylinder combustion pressure is measured using a Kistler 6617B piezo-electric sensor (maximum pressure up to
200 bar) and recorded by the LabVIEW acquisition system. The crank position angle (up to 720 crank angle) is

acquired with the shaft encoder: the sequence is adjusted to synchronize the cylinder combustion pressure signal
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with the crankshaft angle.

Table 3: Characteristics of gasoline and ethanol

Property Ethanol Gasoline
Chemical formula C,HsOH C5-Cl11
Relative molecular mass 46 95 -120
Density (kg/L) 0.79 0.700 - 0.750
Boiling point (°C) a-fl 25-215
Flash point ("C) 13 -40
Latent heat of vaporation (kJ/kg) 840 373

| Eloichiometric heat of vaporation (kJ/kg) 93.9 258
Stoichiometric air-fuel ratio 8.95 14.7
Auto-ignition temperature (°C) 363 300 — 400

_a:\-’ (MI/kg) 26.9 429
Lower heating value (kl/kg) 27,000 44,000
Mixture heating value (kJ/m?) 3593 3750
RON 108 88
Laminar flame speed (m/s) 0.5 0.38

The temperature sensor unit with the K type thermocouple is employed to watch the temperature of the exhaust

gas, fuel, lubricant, and electrical device. This machine is connected to the engine dynamometer for power,
torque, and fuel consumption anal@;, and is connected to the QROTECH-401 (4/5 gas analyzer) to live the
content in exhaust gases such as Car onoxide (CO), Carbon Dioxide (CO3), and Hydrocarbons (HC).
Analysis of the air-fuel ratio is operated by installing a lambda sensor (oxygen sensor) in the exhaust manifold.
The following is an experimental set-up chart on a 125 cc SI engine connected to other supporting components

(Fig.1). One of them is a pressure transducer that is directly attached to the spark plug.

. Engine 125 cc
. Pressure Transducer
. Fuel Tank

Injector
. Electric Engine
mamometer
.DAQ
. Monitor
. Crank Angle Cable
9. Exhaust

A da L b e

g

-1

o

Figure 1: Experimental set up engine

3. Result and Discussion
3.1. Coefficient of Variations (COV)

Cycle to Cycle Variations (CCV) combustion in SI engines is an important subject that has been widely studied

because it limits the engine operating range. Many researches have been done to observe the causes of cycle

variations in the combustion process, leading to cycle variations in engine output performance. Cycle variations
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can be observed and characterized by the combustion pressure in the cylinder which is measured
experimentally. Cylinder pressure produced from engine combustion is carried out from 4,000 rpm, 6,000 rpm
and 8,500 rpm for each fuel mixture of EO, E5, E10, and E15. Each fuel mixture produces different combustion
pressures in each cycle. When viewed from the graph at 8 500 rpm the least variation in combustion pressure

occurs in the E5 mixture with a combustion pressure reaching 50 bar.

W] 100 200 300 400 500 600 700 800
Crank Angle, degree

Figure 2: In-cylinder pressure vs. crank angle (ES)

The combustion pressure in the cylinder is an important indicator of cyclic variation, which is measured in each
cycle at each rotation angle of the crankshaft. Some important parameters are associated  with the
pressure within the cylinder namely; the hcﬁlt pressure within the cylinder (Pmax), the crankshaft angle
where the height pressure occurs (CA Pmax and the Indicated Mean Effective Pressure (IMEP) in one cycle.
Engine performance is power and torque depending on IMEP, and variation in IMEP cause torque fluctuations.

aglIMEP (D
COVIMEP= —____ x100
IMEP

One important measure of cyclic variability is to measure the COV indicated mean effective pl’oﬁut’c. The
lowest COVimer produced from 800 cycles is within the fuel mixture E10++ which is 4.24 %, it defines the
cyclic variability in indicated work per cycle, and it has have found that fluctuating torque (vehicle driveability)

problems decrease because COVypgp is less than about 10 %.

20,00%
18,00%
16,00%
14,00%
12,00%
10,00% N 6.000

COV, %

B,00% = 8.500
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Figure 3: COV vs. fuel variations
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3.2. Heat Release

The heat release rate is the heat value released per unit time in a sample due to an exothermic reaction after its
activation energy is passed. This heat release rate is an important variable to describe the results of combustion.
When analyzing internal combustion engines is done, cylinder pressure is always a significant cxpﬁmeulal
diagnostic because of its direct relationship with combustion and the processes that prﬁuce work. Cylinder
pressure reflects the combustion process which involves the work of aﬂ'\sl()n produced by gas (due to changes in
cylinder volume), heat transfer to the combustion chamber wall and mass flow in and out of the gaps between
the piston, piston ring, and cylinder liner. Thus, to find out accurate results on how the combustion process
spreads through the combustion chamber and each of these pr()(ﬁ‘ics must be related to cylinder pressure [ 10,
14]. Calculation of heat release by cylinder pressure is intended to get some information aboyt the combustion
process in the engine. Heat release rate describes the performance of the engine under various operating
conditions and the same engine performance under the same conditions. Also, both the physical and chemical
properties of the fuel used in internal combustion engines are the main parameters that affect the heat release
rate. At 4,000 rpm for the E10 ++ mixture, it was able to increase the largest heat release to 8.54 J/deg, while at
the 6,000 rpm and 8,500 rpm rounds the largest heat release was still produced by the E10 ++ mixture at 8.04
J/deg and 8.01 J/deg, respectively . This shows that the addition of oxygenated additives to the mixture can
increase heat release, one of the causes of this happening is the higher c¢yclohexanol density value (0.96 kg/L)
than ethanol (0.79 kg/L) and from gasoline (0.7 - 0.75 kg/L) in order that at the same volume the amount of fuel

will be heavier so the energy produced can be even greater.

Rate of Heat Release

Joule/deg

200 %0 ] 330 400 450 500 550 600

Heat release”

Figure 4: Rate of heat release (HRR)

The effect of the gasoline-ethanol with oxygenated additives blends on HRR is shown in Fig. 5. It can be seen

that compared with pure gasoline, ethanol blend decreases HRR. In en@e speed 4,000 rpm and 6,000 rpm, it
can be seen that as ethanol concentration increase the HRR decrease. This is due to the properties of ethanol
which have lower heating value than gasoline. When oxygenated additive added to gasoline-ethanol blend, it
increases its maximum HRR, especially on fuel mixture ES. In engine speed 4,000 rpm, all fuel mixture with

oxygenated additive has a higher and faster HRR. While in engine speed 6,000 rpm and 8,500 rpm, fuel mixture
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E10 and E15 with additive have a lower and slower HRR.
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Figure 5: Heat release rate in engine speed; 4,000 rpm (a), 6,000 rpm (b) and 8,500 rpm (c)
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The greater total heat release indicates better combustion. Increasing the ethanol volume in the fuel mixture can
increase the total heat release value. This is because ethanol has -OH molecules in its molecular group, which

helps increase combustion, and the burning of large amounts of fuel occurs in areas close to TDC.

—

000

Heat Release Total, Joule
8 & 38 B3
(=) o o o

L=

Crank Angle, degree

Figure 6: Total of heat release

For all fuels tested, heat release occurs in areas close to TDC [11]. The decrease in COV has a positive effect on
resulting heat release. This shows that adding cyclohexanol additive can improve the combustion process.
As seen in Fig.7, the ES ++ and E10 ++ heat release occured is higher than E5 and E10, even compared to the

use of pure gasoline (E0) though.

w & o oo
COV,%

"

E0 ES E10 E15 ES++ E10++ E15++

B0V =—Totalheat release

Figure 7: COV vs. total of heat release

The water content in the fuel can modify the engine power output in various ways, namely by reducing
compression pressure, increasing the work done during the business steps to reduce temperatures that reduce
heat loss, and increasing the rate of combustion. The water content slows down the combustion process but
remains a constant amount of energy produced in each cycle [12]. In the fuel mixture EO to E15, even though

using ethanol fuel-grade which still has water content (0.5 %), can affect the combustion that occurs; therefore it
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affects the resulting heat release. By adding the cyclohexanol additive, which has the characteristic of a solvent
due to its semi-polarity properties considering the longer C chain, this can make the ethanol-gasoline mixture
more homogeneous and have an impact on the combustion that occurs, which is in turn substantially affects the

total heat release produced as shown in Fig. 7.

3.3. Emission
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Figure §: COV vs. CO, CO», and O

In the emissions analysis section, Fig.8 above can show the effect of COV from each fuel mixture on the
variation of engine speed on CO, CO;, and O; produced. The results of CO gas with the addition of additive
resulted in comparison with other fuel variations, as shown above. The addilim’)f an additive to variations in
fuel with the percentage of ethanol can reduce CO gwmissi()ns produced. The effect of adding ethanol on
emissions of additiuge CO and non-additive CO, this is a product of incomplete combustion because there is
inadequate oxygen in the air-fuel mixture or insufficient combustion time in one cycle. The concentration of CO
emissions is also very dependent on engine operating conditions and the air-fuel ratio. Some CO always appears
on the exh;m even in the thin mixture, but the concentration decreases with decreasing combustion
temperature. The O> concentration in the combustion exhaust gas is inversely proportional to the concentration
of CO; produced. CO and CO; levels have a closely linked. Decreased CO levels in exhaust gas emissions will
increase CO; levels. CO; is a component of the product in the combustion reaction. Burning carbon that forms
CO; will produce more heat per unit of fuel (8,084 kcal/kg of carbon) than producing CO (2,430 kcal/kg of
carbon). The purpose of complete combustion is to release all the heat contained in the fuel. In other words, CO»
is the desired gas as a product of combustion reaction, where for the optimum fuel oil must produce CO; as
much as 14.5% to 15%. It can also be seen that the levels of O; produced with a mixture of ethanol added with
additives on average have increased although not significantly. This is because the combustion process that
oceurs requires a large O; so that O; that comes out as flue gas from the mixture with additives the amount is not
too significant. O, concentration in the combustion exhaust gas is inversely proportional to the concentration of

CO; produced.

The addition of ethanol gives a change in the exhaust emissions of HC, one of the possible factors is wall
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quenching, which is when the fire spreads towards the wall, there is a thin layer that does not occur chemical

reactions except the occurrence of fuel breakdown.

8.00% 160.00
7.00% 140.00
6.00% 120.00
 500% 10000 g
= 4.00% soco %
:‘:’) 3.00% - 60.00 E
2.00% 40.00
1.00% -+ 20.00
0.00% : : : : 0.00

EO ES E1D E1S ES5++ E10++ E15++

I COV =———HC

Figure 9: COV vs. HC

This thin layer contains unburnt HC or also called quench distance. The magnitude of this quench distance
varies between 0.008 cm to 0.038 ¢cm which is affected by the mixture temperature, pressure, AFR, wall surface
temperature and combustion deposits. The amount of HC concentration in the exhaust gas is equal to the
concentration of CO, which is high when the mixture is rich and decreases at the highest temperature point.
Ethanol has a shorter quenching distance compared to gasoline so that the fire from burning the mixture of
gasoline and ethanol can propagate closer to the cylinder wall. This indicates that the amount of fuel burned is
increasing, thereby reducing HC which is a component of fuel oil. On the other hand carbon content (50.59 %)
and hydrogen (12.98 %) are still lower than gasoline, this also greatly helps reduce HC levels that do not burn.
Besides the air-fuel mixing process increases the intensity of turbulence at higher engine speeds, this causes
more complete combustion so it can also reduce HC. HC concentration is also closely related to combustion

chamber design, induction system design and operating speed and load variables.

4. Conclusions

The effect of the addition of ethanol to gasoline used as a fuel mixture on the 125 cc SI injection engine has a

positive effect on the lower cyclic variable (CCV), especially heat release (up 3 %), as well as on the exhaust
emissions such as CO levels (down 58 %), CO2 (up 26 %), O2 (up 14 %), and HC (down 25 %). By increasing
ethanol content, CCV is getting lower, performance is increasing, and emissions are also getting better.
Cyclohexanol oxygenated additive with C6 carbon chain, where the longer carbon chain makes the substance
more non-polar (low water solubility), this can make the mixture of gasoline (non-polar) and ethanol (polar) can
be mixed increasingly homogeneous, therefore more complete combustion, as evidenced by the effect that

occurs 1s the lower COV coupled with the increasing total heat relation (at E54++ and E10 +4).
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