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ABSTRACT

This project was carried out to study the effect of air fuel ratio on the performance of
an engine fueled with an additive of hydrogen peroxide blend with gasoline fuel. This project
starts by finding the chemical properties of gasoline alone and hydrogen peroxide-gasoline
blend in order to identify the different properties of additive fuel compared to gasoline alone.
Experiments on the performance of the spark ignition engine ware carried out by using
generator engine Precision GX420. Firstly, the spark ignition engine performance was tested
starting with the gasoline alone and then followed by the addition of 5% and 10% of
hydrogen peroxide blended with the gasoline. Pressure sensor and crank sensor had been
installed on the engine set up in order to determine the in-cylinder pressure, volume and
crank angle. Pressure sensor and crank sensor were connected to Data Acquisition System
(DAS) which will display the result through DEWESOFTX2 software. The result was
calculated using raw data that has been obtained from DEWESOFTX2 software and several
parameters of engine performance such as indicated network, air fuel ratio and indicated
specific fuel consumption. At the end of this project, it can be concluded that the use of
hydrogen peroxide for gasoline engine must not exceed 10% in order to avoid lag during the
combustion process.



ABSTRAK

Projek ini dijalankan untuk mengkaji kesan nisbah udara minyak terhadap prestasi
enjin dengan diisi minyak campuran hydrogen peroksida bersama minyak petrol. Projek ini
bermula dengan mengenal pasti sifat kimia minyak petrol dan minyak campuran hidrogen
peroksida-petrol bagi mengenal pasti perbezaan sifat minyak campuran dibandingkan
dengan minyak petrol. Eksperimen bagi mengenal pasti prestasi enjin menggunakan enjin
penjana ‘Precision GX420’ untuk mengendali ujian. Pertamanya, eksperimen untuk ujian
prestasi enjin nyalaan percikan dimulakan dengan penggunaan minyak petrol dan diukuti
seterusnya dengan 5% dan 10% minyak campuran hydrogen peroksida dengan petrol.
Sensor tekanan dan sensor engkol dipasang pada enjin bagi mengenal pasti tekanan, isipadu
dan sudut engkol di dalam silinder. Sensor ini akan disambungkan kepada DAS yang akan
memaparkan hasil melalui perisian DEWESOFTX2. Hasil akan dikira dengan dapatan data
kasar daripada perisian tersebut dan juga dapat mengenal pasti beberapa parameter
prestasi enjin sebagai contoh kerja bersih, nisbah udara minyak dan penggunaan bahan api
tentu. Di akhir projek ini, menunjukkan penggunaan hidrogen peroksida bagi enjin petrol
tidak boleh melebihi 10% campuran bagi mengelakkan lebih banyak kelewatan ketika proses
pembakaran.
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CHAPTER 1

INTRODUCTION

1.1 Background

Every single day from a few years ago, we can see the rising of the atmospheric
carbon dioxide and atmospheric pollutant that leads to major problems to the society
nowadays (C & Oros, 2012). These problems come from the vehicle in the world on the
exhaust gasses. Most of the researchers studied about the diesel engine having higher thermal
efficiency. The problem with this diesel engine is that they have higher emissions and
exhaust temperature (Nagaprasad K. S., 2012). These emissions can be reduced with the
increasing of engine compression ratio. Increasing compression ratio can provide better the
thermal efficiency (Lattimore, Herreros, Xu, & Shuai, 2016)

Internal Combustion Engine (ICE) can be divided into two groups according to fuel
type, power, type of ignition and so on. First group is separated into Spark Ignition (SI)
engine and Compression Ignition (CI) engine. The difference between these two types of
ignition was the classification of SI engine as two strokes and four strokes. CI will be divided
into direct injection and indirect injection engine (Cholakov, n.d.). Most vehicles ware using
the Spark Ignition (SI) engine. Everyone knows the SI engine is conducted by each injection
that begins when the air went in the intake port valve to the cylinder (Richard et al., 2011).
The most important factor that needs to be considered in the internal combustion engine was
the thermal efficiency and catalytic efficiency because having higher thermal efficiency will
lead to a low fuel consumption, whereas high catalytic efficiency will produce a low exhaust
emission from the vehicle (Jansri & Sooraksa, 2012). The fuel used in internal combustion

engine will give high impact to the engine efficiency and brake power. If the engine is having



higher efficiency, it will provide more power to the vehicle. Each fuel has their own
characteristic to perform well in the internal combustion engine (Curtis, Owen, Hess, &
Egan, 2008).

The main fuel used in our daily life are diesel and gasoline. There are many ways to
increase the efficiency of the vehicle. One of them is by mixing the additive to the normal
fuel. The ethanol-gasoline blend fuels will increase the brake power causing a higher spark
timings and improve the Brake Specific Fuel Consumption (BSFC). Having higher thermal
efficiency will lead to a faster combustion compared to gasoline alone (Lattimore et al.,
2016). Other than that, with 1-buthanol-gasoline blend also can give high thermal efficiency
to the engine. Fuel economy will then decrease by the 1-butanol-gasoline blend and hence
can reduce the particle number of concentration (Lattimore et al., 2016).

The other method that leads to the enhancement system of fuel in an engine is by
using hydrogen peroxide, H2O;. It will blend together to overcome this problem (Nagaprasad
K. S., 2012). Hydrogen peroxide can raise the efficiency and can reduce the emission or
soot. This additive will change to steam and can give a high vapor pressure in ICE to increase
the brake power or torque. It also provide a cooling effect that can reduce the temperature in
the engine system (Dixon, 1977). Besides that, hydrogen peroxide is one of the metastable
compounds which can be classified as a harmless catalyst compared to the others (Roth,
Eckhardt, Franz, & Patschull, 1998).

Hydrogen peroxide effects a desirable benefit as it was considered a successful
burning of the product fuel that can reduce the contamination and increase the power of the
engine. It also can be useful as an oxidizer for the fuel vapor when it enters the engine
combustion chamber (Cox, 1981). Hydrogen peroxide is the weak acid between a strong

oxidizing properties and can be an effective bleaching agent. This additive has a density of



1.130 g/cm?® higher than diesel. When this additive blend with the fuel, the density does not
increase when H>O; exceed more than 15% (Khan, Ahmed, Mutalib, & Bustum, 2013).
The researcher used aqueous trapping method to determine the validity of H>O» in
the air using aqueous traps technique. This validity of H>O> in the air explained exclusively
during photochemical gas phase reaction mechanism. H>O; has a lower pressure and infinite
solubility in water, and it is very difficult to extract from the air with water traps. Ozone

decomposition rate will be affected by a concentration of H,O» (Irvine & Attribution, 1982).

1.2 Problem Statement

The additive hydrogen peroxide is a weak acid in a solution of water. It can also
become a strong oxidizer agent, by mean that the H>O» will provide more atom of oxygen to
the solution. Hydrogen peroxide can reduce the emission of an engine and increase the
efficiency. Other than that, H>O; can increase the brake power. Besides, it can also reduce
the temperature in the engine system. H2O> acts as prevailing part in the hot ignition from
low temperature to a middle of the temperature dynamic conduct. It was formed at the fire
termination and occur in the exhaust gas that can change the kinetic behaviour in turbulent
responding frameworks.

This research will targeted optimum percentage of the hydrogen peroxides that can
be blend together with gasoline. From this different percentage of hydrogen peroxide blend
with gasoline, the mass of air and fuel will change to get the air-fuel ratio (AFR). Other than
that, the optimum ratio can be determined through the test of which can result the best
performance for the engine. In this research, used of hydrogen peroxide as an additive is to

increase the operating performance for SI engine and decrease the emission.



1.3 Objective

The objectives of this project are as follows:

1. To study the effect of air-fuel ratio on performance of spark ignition engine with
H>0;-gasoline blend.

2. To investigate the optimum air-fuel ratio on performance of spark ignition engine
with H>O»-gasoline blend.

3. To compare the air-fuel ratio on the performance of spark ignition engine based

on gasoline alone.

1.4 Scope of Project

The scopes of this project focuses on the air-fuel ratio on spark-ignition (SI) engine
based hydrogen peroxide-gasoline blend. In this project, gasoline alone (0%) will be used as
the reference. Hence, an amount of 5% and 10%(by volume) of hydrogen peroxide (H202)
were being used in the gasoline (C7Hi2) blended. This project focuses on finding the
operating performance such as indicated power (IP), indicated specific fuel consumption
(ISFC), indicated thermal efficiency (ITE) and heat release rate (HRR) with OW, 500W,
1000W, 1500W and 2000W of the load. Throughout this research, the different percentage
of hydrogen peroxide are expected to change the AFR value which will be found to be closer

to the stoichiometric value.



CHAPTER 2

LITERATURE REVIEW

2.1 Theoretical Background

2.1.1 Indicated Specific Fuel Consumption (SFC)

ISFC is the weight of the fuel burned per unit time. Turbojets and fan are also known
as the Thrust Specific Fuel Consumption (TSFC). The SI unit for this ISFC is kg/kWh. The
SFC for the piston can be calculated using the equation (2.1). MF is the flow rate of fuel and
and p is the power that is applied to the propeller. It can be expressed as ISFC = rate of mass
fuel / power output. SFC is defined as a measurement of the efficiency of fuel to improve
the fuel consumption. In addition, the fuel consumption can be measured as a mass flow rate,
my and ISFC is the fuel flow rate per unit power output. Equation (2.2), (2.3) and (2.4) allows
the measurement of the efficiency of an engine by using fuel to produce work (Heywood,
1988). As a result, we can summarize that the lowest ISFC will results the highest brake
power or power output. There are different types of ISFC in Internal Combustion Engine

(ICE) which are the Indicated Specific Fuel Consumption (ISFC) and Brake Specific Fuel

Consumption (BSFC).
sfc= ? (2.1)
mg\ _ i (%)
sfe () = @2)
g \_ ™ (%) _ lbm
sfe(L) =2 = 608.3 (1= ) (2.3)



or

lbm
Ibm\ _ M (T) _ 3 g
sfc (hp.h) = TS = 1644 X 10° sfc (o) (2.4)

2.1.2 Brake Specific Fuel Consumption (BSFC)

BSFC is the rate of fuel consumption that were divided into power output. The power
output is also known as the brake power. BFSC is typically used to comparing the efficiency
of internal combustion engine with a shaft output. BSFC will also decrease with the engine
size due to the reduction of the heat losses from the gas to the cylinder wall. This BSFC is
almost similar to SFC but BSFC has the mass of flow rate per unit brake power. On top of
that, BSFC is a correlation proportion which can trace the efficiency of the fuel, how much
fuel is used and lastly how much power was produced. From equation (2.5), the brake
specific fuel consumption utilization was separated by the brake power. Usually, the
outcomes are presented in kilograms per kilowatt hour. Normally dynamometer was used to
calculate the BSFC transfer from the engine. Diesel motors regularly perform superior to
any gas motors in terms of BSFC. The optimum value BSFC for Spark Ignition (SI) engine
is about 75ug/J = 270 g/kW..h = 0.47 Ibm/hp. h. The best value or the optimum value for
Compression Ignition (CI) engine is about 55ug/J =200 g/kW..h = 0.32 Ibm/hp (Heywood,

1988).

bsfc= L (2.5)



2.1.3 Thermal Efficiency

The efficiency of engine is converting the heat energy contained in the liquid fuel
into mechanical energy. On top of that, thermal efficiency is the ratio of power produced in

the burning fuel to produce power. It can be expressed as :

nf = we 1 =( Png/N ): P 2.6)

mg Quv (ms ng /N)Quv ms Quy

From equation (2.6), we know that my is the mass of flow rate and P, is the power. We can

substitute the 1/SFC = power output / rate of mass fuel.

= sfc Quv (2.7)

Furthermore, from equation (2.7), it is used to calculate thermal efficiency which is known
as the fuel conversion efficiency. It is the ratio of the work produced per cycle to the amount
of fuel energy supplied per cycle. Quantity of the fuel supplied to the engine and the heating
value of fuel are given. The fuel energy supplied can be released only through combustion.
Heat transfer, Quv can be determined through a standardized. This combustion process
produces the thermal energy and absorbed by a calorimeter when cool down to their original
temperature (Heywood, 1988). The heating values for hydrocarbon fuels used in engine is
commonly between 42 to 44 MJ/kg (18000 to 19000 Btu/lbm). The SFC for this hydrocarbon
can be inversely proportional to fuel conversion efficiency or thermal efficiency for normal

hydrocarbon fuel. Actual process in combustion process is incomplete because the energy



supplied to the engine is not fully radiated as a thermal energy. At the point where enough
air oxidize the fuel, almost 96 percent and above of fuel energy supplied were transferred as
thermal energy to the working fluid. Insufficient of air oxidize the fuel completely and the
absence of oxygen keeps this fuel vitality supplied from being completely discharged
(Heywood, 1988). The petrol engine is not really efficient because it can only reach 25%
efficiency than diesel engine with 35% efficiency due to the higher compression ratio,
unthrottled operation and lean combustion. Unthrottled operation in the Diesel motor for all
intents and purposes dispenses with the pumping circle in the P-V diagram found with Otto
cycle motors running at stack part, since the cylinder doesn't need to conflict with a vacuum
amid the admission stroke. The pumping circle speaks to negative work in the cycle. Lean
combustion is a lower burning temperature and along these lines, it is a lower heat
misfortunes in the cycle. Diesel additionally do not run wealthier than stoichiometry at high
loads, not at all like Otto cycle motors, so are likewise more effective at high loads because

of this. Otto cycle motors ordinarily keep running around 15 until 20% over rich at full load.

2.1.4 Mechanical Efficiency
From equation (2.8), in motion of engine, there are friction of the bearings, pistons,
mechanical component and drive engine. Compilation for these frictions are called the

friction power Pr. High-speed engines is to drive the engine with a dynamometer.
Pig = Pb + Pf (28)
This engine will be supplied with the dynamometer to overcome all these frictional losses.

Under firing conditions, we remain the engine speed, throttle setting, oil and water
temperatures and lastly the ambient condition. The most inaccuracy result through this

method was the gas pressure forces on the piston and rings that are lower in motored test.



On top of that, the oil temperatures on the cylinder wall are lower under motoring condition
when engine is firing. Mechanical efficiency can be defined as a ratio of brake power
delivered by the engine to the indicated power as an Equation (2.9). Mechanical efficiency

usually lies in between 80% to 90%.

My =22 =1--L (2.9)

Mechanical efficiency is depends on throttle position as engine design also engine speed. In
modern automotive the full throttle are 90 percent at speed below about 30 — 40 rev/s (1800
to 2400 rev/min), were decreasing to 75 percent at maximum rated speed. When the engine
is throttled, the value of mechanical efficiency will decreases and sometimes eventually to

zero at idle operation (Heywood, 1988).

2.1.5 Brake Power

It is the measure of an engine's horsepower before the loss in power caused by the
gearbox and drive train. Brake refers to the device which was used to load an engine and
hold it at a desired rotational speed. Dynamometer is used for torque measurement. During
testing, the output torque and rotational speed were measured to determine the brake
horsepower. The torque and the angular speed measurement of engine are involved in
measurement of brake power. The engine were clamped to the test bed and shaft link to the
dynamometer rotor. In this procedure we will coupling electromagnetically, hydraulically or
by mechanical friction to a stator which can support low friction bearings. When the rotor
turning, the torque was measured by balancing the stator with weights and spring. There are

two type of dynamometer than we can use, absorption dynamometer and transmission



dynamometer. As in Equation (2.10) the brake power can be described as work done. Where

torque, T = Fb, N is the crankshaft rotational speed in rev/min.

P = 2nNT (2.10)

Measure of an engine ability to do work is the torque and power which is the rate work is
done. The value of engine power above was measured as a brake power Py. This usable
power delivered by the engine to the load and in this dynamometer test, the load was the

brake (Heywood, 1988).

2.1.6 Air-Fuel Ratio (AFR)

Air fuel ratio is the ratio of mass flow rate of air ma to the mass flow rate of fuel mr
as Equation (2.11) and (2.12). These flow rates is useful in defining engine operating
conditions. The normal range for SI engine using gasoline fuel is 12 < A/F < 18 (0.056 <
F/A <0.083) and for the CI engine with diesel fuel is 18 < A/F <70 (0.014 <F/A <0.056)

(Heywood, 1988).

Air/fuel ratio (A/F) = =4 @2.11)
f
Fuel/air ratio (F/A) = =L (2.12)

AFR according to the stoichiometric value can improve the fuel economy and can provide
more efficient to the torque of engine. Stoich or stoichiometric occur when the optimum air
provided to completely burn all of the fuel. This AFR is the most important factor in the

operating performance in engine because it’s influenced for anti-pollution and performance

10



tuning. The number of AFR lower than stoich are considered “rich”, its mean less efficient
but can produce more power/brake power to the engine and react as a burn cooler. If the
AFR is higher than stoich are considered “lean” means more efficient but can cause engine
harm or untimely wear and deliver larger amounts of nitrogen oxides. AFR is the term that
common use in this day for mixtures in internal combustion engine. The term also use define
as mixtures that used for industrial furnace heated by combustion. Pure octane the stoich is
absolutely 14.7:1 and in naturally aspirated engine powered by octane can reach the AFR
range from 12.5 to 13.3:1. The value of AFR 12:1 was considered as maximum output ratio,

whereas the AFR of 16:1 was considered as maximum fuel economy ratio.

2.1.7 Brake Mean Effective Pressure (BMEP)

Brake Mean Effective Pressure can define the average pressure which, if imposed on
the pistons uniformly from the top to the bottom of each power stroke, would produce the
measured brake power output. BMEP is purely theoretical it’s mean we cannot change their
actual cylinder pressures. It is simply a tool to evaluate the efficiency of a given engine at
producing torque from a given displacement. In the other meaning Equation (2.13) and
(2.14) is the relative engine performance measure was obtained by dividing the work per

cycle by the cylinder volume displaced per cycle.

Png

Work per cycle = ~ (2.13)

Where "r is the number of crank revolutions for each power stroke per cylinder (2 for four-

stroke cycles and 1 for two-stroke cycles) then,

mep = IZL; (2.14)

P(kW)ng x 103
mep (kPa) = = s ren (2.15)
N
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The maximum BMEP of good engine designs was established and use in a difference range
of engine sizes. This engine can compare to the normal engine so that volume can be
assessed. Equation (2.15) shows engine displacement was required to provide torque or
power at specific speed and can assuming the values for BMEP. The typical value for BMEP
in this world range in the range 850 to 1050 kPa (~ 125 to 150 Ib/in? at the engine speed
where the maximum torque can occur about 3000 rev/min and 10 to 15 percent lower for SI
engine. For turbocharged automotive SI engine, the maximum value for BMEP in range
1250 to 1700 kPa (180 to 250 1b/in?). Maximum rated power is in 900 to 1400 kPa (130 to
200 Ib/in?). The maximum values BMEP for CI engine is in 700 to 900 kPa (100 to130 Ib/in?)
which has maximum rated power about 700 kPa (100 1b/in?). Also for turbocharged CI
engine with the maximum value for BMEP in range 1000 to 1200 kPa (145 to 175 1b/in?)
and can increase to 1400 kPa after cooled. This turbocharged at maximum rated power is
about 850 to 950 kPa (125 to 140 1b/in?). The difference between two stroke cycles diesels
have comparable performance to four-stroke cycle engines and has large low-speed for two

stroke engine that can make about 1600 kPa (Heywood, 1988).

2.2  Hydrogen Peroxide Blend With Diesel

With the different crank angle, hydrogen peroxide (H>O2) with water blend diesel
was injected into the combustion chamber. The result from the cylinder were increase the
OH radiation compared to the normal engine condition. Amount H20: used always 40% of
fuel volume. Using the hydrogen peroxide with water can decreases soot mass in 3% and if
the water can reduce about 20%. But if the crank angle set to 20° BTDC, the difference
between water and hydrogen peroxide with water slightly disappear. Moreover, temperature
will not change when using hydrogen peroxide with water injection causes the effect of two

combination which is energy used for the spray evaporation relate to the phase H20:
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decomposition and heat release. The compression ratio diesel engine also change from 1:18
to 1:19.5 and the slightly adjusted the volume flow of diesel fuel (Franz & Roth, 2000).

From the other sources, after addition of hydrogen peroxide blend with the diesel,
energy content was reduce and more fuel injection is required. Mixed diesel with hydrogen
peroxide also give higher cetane number will lead to cleaner combustion which can lowering
the emission of carbon monoxide (CO). Viscosity of hydrogen peroxide much lower than
diesel and the increased amount of hydrogen peroxide in mixed will decrease the viscosity
of solution. Hydrogen peroxide improved the acidic nature of fuel blend. Effect of hydrogen
peroxide blend with diesel have been carried out between 0 to 15 volume percent. The
density fuel blend increases, while the viscosity will decreases due to the higher density of
alter. Finally, the refractive index showed the small reducing as quantity hydrogen peroxide
were increased in the solution (Khan, et al, 2013).

Density of hydrogen peroxide is greater than diesel, the energy content is appear in
lower mass and volume compared to the base diesel fuel only. Reduction of the energy

content, more fuel injection is needed.

Density (g/cm?)

Composition of H>O: (vol. %)
Figure 2.1: Density versus volumetric composition of H>O> (Khan et al., 2013)
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Viscosity (cP)

Composition of H,O» (vol. %)

Figure 2.2: Viscosity versus volumetric compositions of H2O> (Khan et al., 2013)

Other than that, due to presence of H2O» in fuel make the brake thermal efficiency of
engine increased. Hydrogen peroxide will starts decompose and release a large amount of
oxygen. This oxygen helps reduce the lag of ignition for complete combustion of fuel.
Highest efficiency was observed at full load with the using of 5% of hydrogen peroxide with
diesel. Figure 2.3 shows the engine performance with difference of hydrogen peroxide with
diesel. Also, Figure 2.4 shows when H>O: increase the exhaust temperature engine will
decreased due to addition of oxygen comes from releasing by hydrogen peroxide

(Nagaprasad K. S., 2012).

2% H,0,
5% H,0,
Pure Diesel

Brake Thermal Efficiency (%)

Brake Power (in % of load)
Figure 2.3: Brake thermal efficiency v/s Brake power for different blend H>O»

(Nagaprasad K. S., 2012)
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2% H,0,
5% H,0,
Pure Diesel

Exhaust Gas Temperature (°C)

Brake Power (in % of load)
Figure 2.4: Exhaust gas temperature versus brake power for different blend of H>O»

(Nagaprasad K. S., 2012)

Engine cannot to start if 2% and 5% of hydrogen peroxide has inject to the diesel
engine at injection timing 150 BTDC. Factor that situation occur when efficiency of engine
increases with increase blend for injection timing. This can be proved in Figure 2.5 which
shows the brake thermal efficiency for different blendings of hydrogen peroxide in diesel
engine at the injection timings of 10° BTDC and 15° BTDC for 40% full load. Figure 2.6
shows EGT decreased due to increment in blend at 10° BTDC but it remained the same at
15° BTDC. The minimum EGT of 149°C were found at 10° BTDC, which is an appreciable

value for a better performance device (Nagaprasad K. S., 2012).

Pure Diesel
Diesel + 2% H20:>

Diesel + 5% H202
Diesel + 10% H202

Brake Thermal Efficiency

1:10 deg BTDC, 2:15 deg BTDC
Figure 2.5: Effect of brake thermal efficiency on injection timing with different blend H>O»

(Nagaprasad K. S., 2012)
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Pure Diesel
Diesel + 2% H202

Diesel + 5% H20:2
Diesel + 10% H20»

Exhaust Gas Temperature (°C)

1:10 deg BTDC, 2:15 deg BTDC

Figure 2.6: Effect of exhaust gas temperature on injection timing with different blend H0O»

(Nagaprasad K. S., 2012)

2.3 Hydrogen Peroxide Mixed With the Gasoline

Efficiency of the engine remain constant if it is blend with the hydrogen peroxide-
water-ethanol blends. Hydrogen peroxide will give the negative impact on membranes
properties of carburetor. If the hydrogen peroxide solution more than 10% with the 10% of
water, engine will not function properly. Highest efficiency will occur when the ethanol
comprising to 20% in gasoline because ethanol contains 35% of oxygen as a stand-alone fuel
and oxygenated additive to hydrocarbon fuels for emission of nitrogen oxides (NOx),
unburned total hydrocarbon and carbon monoxide (CO) will decreased. Ethanol, water and
hydrogen peroxide (H20:) blends are highly explosive caused H>O> is very strong and
storable oxidizer or monopropellant. More than 20% hydrogen peroxide in ethanol is not
possible for the engine maintain running at 3600 RPM. With 50% of H>O> and 50% of

ethanol produce 1400 RPM but the speed rotation not remains constant (C & Oros, 2012).
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Temperature (°C)
Fuel Flow Rate (G), g/min

% H>0; in ethanol

Figure 2.7: Effect of ethanol, water and hydrogen peroxide blending (C & Oros, 2012)

Besides that, to achieve varying degree of performance in gasoline engine 1 part of

hydrogen peroxide, 8 parts of toluene and 16 parts alcohol needed. According to Figure 2.8,

when the additive was used in the gasoline engine, octane increases approximately 5. With

the usage of only 1 part of H>O», this causes the substance to be strong and ready to oxidize.

Figure 2.8 shows that, the different ratio of H2O; to basic mixtures to a good blending.

Commonly H>0; used was 35% and 50% are safer for skin protection. This additive tends

to burn more of element in the fuel thus to clean the exhaust emission (Cox, Jr., 1981).

RELATIVE OCTANE OR CETANE RATING INCREASE

GASOLINE

H2 DIESEL

5 | | 1 ! ! | |
| | I | I 1 | 1 OZ. ADDITIVE
7000 6000 5000 4000 3000 2000 1000 X OZ. FUEL

Figure 2.8: Relative octane versus additive used (Cox, Jr, 1981)
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24 Properties of Hydrogen Peroxide

Hydrogen peroxide is an unstable substance even at moderate temperature. H>O»
assisted oxidative removal the soot particle in a low temperature. This solution also can be
harmless compared to metal based catalyst (Roth et al., 1998). It preferred to use hydrogen
peroxide with the percentage 35% to 50%. It is caused by oxygen atoms in H>O: trying to
escape and became oxidise for fuel vapour when enter the ICE. This solution also turn reduce
contamination after complete burn and rises the power (Cox, Jr., 1981).

To improve fuel system in ICE, hydrogen peroxide was used to increase the
efficiency and can reduces the emission in engine. Hydrogen peroxide was decomposed to
produce additional oxygen which enable to complete full combustion. However this solution
can provide power or torque that effect wash the cylinder wall and can minimize amount of
NOx produced (Dixon, 1977).

Moreover, hydrogen peroxide is a pale blue liquid that little more viscous than water.
This solution exist in colourless in dilute solution and consider as a weak acid among strong
oxidizing properties and also can be as a powerful bleaching agent. It is widely used as
antiseptic, disinfectant, oxidizer and rocketry as a propellant. In the oxygen species H>O; are
strong and it can considered the highly reactive oxygen (Khan et al., 2013).

Efficiency of the engine was increased by injecting the hydrogen peroxide at all
fraction and can decreased the exhaust gas temperature. Table 2.1 shows the properties of
hydrogen peroxide that can be identified as a solution that has a strong oxidizing agent and
weak acid in water solution (Nagaprasad K. S., 2012). H>O» is an important role in hot
ignition where transition from low temperature to intermediate temperature kinetic energy.
Furthermore, hydrogen peroxide formed during local flame extinction and present in exhaust

gas recirculation can change the kinetic behaviour (Guo et al., 2013).
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Table 2.1: Properties of Hydrogen Peroxide (Nagaprasad K. S., 2012)

Appearance Colourless liquid, dilute solution
Density 1110 kg/m’
Boiling point 226 °C
Freezing point -27°C
Viscosity 1.81 cp
Specific Gravity 1.11

2.5 Effect of Air Fuel Ratio in Performance Engine System

The most important variable on Spark Ignition (SI) engine is the AFR. This AFR will
affect the emission and performance of the engine system. The best minimum of emission is
needed by maintaining the target AFR at stoichiometric value in steady state and transient
operation. This AFR also able to provide the balance of power output and fuel consumption
(Zhai, Yu, Guo, & Yu, 2010).

In order to achieve the fuel economy and also lower emission, air fuel ratio need to
be controlled in transient and steady state condition. The ways to control this AFR is through
the mass of air or oxygen by using mass flow sensor as feedback. Air fuel ratio in-cylinder
must be near to stoichiometric value to get the ideal performance of engine. There are several
ways to control AFR could be around stoichiometric value (Akram, Bhatti, & Ahmed, 2013).

Proof for the effect of air fuel ratio on MFB to the engine can be seen at the initial
state of combustion process at the lower speed which is at 1500 RPM. For mass fraction
burn (MFB) the high speed can be seen on a rapid burning stage at 2100 RPM. Control of
AFR can improve lower performance compared to the compressed natural gases (CNG).
More influence on the MFB caused by the air fuel ratio and engine speed (Hagos, Aziz, &

Sulaiman, 2014).
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Based on the other source, power output of engine or brake power, theoretical power
depend on the air fuel ratio and fuel injection method that are being used for the system.
Stoichiometric value for the hydrogen is 34:1 and at this situation it could be less the energy
content if fuel were gasoline. Figure 2.9 shows the brake thermal efficiency versus the air
fuel ratio for different speed. It can be stated that brake thermal efficiency increases while
close to the stoichiometric value of air fuel ratio. As value of AFR increase, the value of

brake thermal efficiency start to decrease at certain point for different speed (Prasath et al,

2012).
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Figure 2.9: Different of brake thermal efficiency versus air fuel ratio for DI engine

(Prasath et al., 2012)

In order to design an ICE, the main important that need to focus is the thermal
efficiency and catalytic efficiency. High thermal efficiency provides low fuel consumption
and high catalytic efficiency will give low exhaust emission. For is depending both
efficiency depend on the AFR in cylinder combustion. Ideal stoichiometric value for SI

engine need to be 14.7. Figure 2.10 shows the block diagram of SI engine with AFR control
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to improve modelling and control of AFR. Air mass flow rate can be determined with the
area of throttle, pressure in before throttle, pressure at intake manifold, temperature, gas

constant, specific heat ratio and discharge coefficient as equation below (Jansri & Sooraksa,

2012).

1/2
iy CAAThPO ( 2y )1/2 (pi)Z/V (Pi)(y"'l)/y / 2.16)
ah = URT0 \y—1 PO PO '
Throttle Degree with Disturbance
| 7)) Exhaust y,
AirFlow %P Combustion > Sensor 2 :
I_’ System Chamber Time Delay Catalytic
N

* LN with Disturbance

Fuel Flow Engine Speed
System - Systemn

tﬁu

Figure 2.10: Block diagram SI engine with AFR control (Jansri & Sooraksa, 2012)
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CHAPTER 3

METHODOLOGY

3.1 Introduction

This chapter will describe the methodology used in this experiment to obtain the data
from the DAS about the performance of the engine. This chapter also describes the
equipment and the method used to find the mass of air flow. The performance of spark
ignition engine is highly influenced by the gasoline alone and the blend of the gasoline with

the hydrogen peroxide.

3.2 Experimental Procedure

Two types of experiment were carried out through this project. The first experiment is using
the gasoline fuel alone. The second experiment focused on the mixture of the gasoline-
hydrogen peroxide blend as the main fuel. The data from the performance of the engine and
the mass of air from these two experiments is collected and analysed. Tests are conducted at
different loads which are zero load, half load and full load. The engine speed was conducted
at 2500 RPM, 3000 RPM and 3500 RPM. Next, the hydrogen peroxide are blend into5 vol %
and 10 vol % with the gasoline.

First and foremost, the experiment will carried out by finding fundamental
parameters of the engine such as density, viscosity, flash point, energy content of the
gasoline alone and H>O:-gasoline blend. In order to find the density of this substance,
hydrometer and manual bomb calorimeter were used for the energy content. All these

properties were performed according to ASTM D-975 methods as shown in Table 3.1 below.
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Table 3.1: ASTM standard for Gasoline fuel testing

S. No. Property ASTM Method
1 Density ASTM D-1298
2 Viscosity ASTM D-445
3 Flash Point ASTM D-93
DAS Display
Fuel
Air Sensor Engine Generator
Engine

Figure 3.1: Experiment set up equipment

This experiment was carried out at the Fasa B laboratory, Faculty of Mechanical
Engineering using the 4 strokes of the single cylinder engine. From the Figure 3.1, hot guns
was used to increase the temperature of the intake air and a heater was used to increase the
temperature of fuel. AFR can be calculated from the mass of air that has been taken by using
air flow meter. The operating performance is shown at the display of the data acquisition

system (DAS). At the end of the project, all the necessary elements and parameter needed

were collected and finally, a report was written on this research.
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Figure 3.2: Flowchart of the experiment process
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33 Equipment and Material

3.3.1 Generator Engine
Test engine that was used are the model Precision GX420 4.8kW, single cylinder,
and 4 stroke, air-cooled. The specification of the engine are shown in the table below.

Table 3.2: Engine specification and parameters

Model Precision GX420
Engine Type Single cylinder, 4-stroke, air-
cooled, OHV
Bore*Stroke 90x66 (mm)
Volume 419.87cm?
Compression ratio 8.5:1
Maximum power output (15HP) 11.2kW
Maximum torque 23.5Nm
Ignition system Spark Plug
Starting system Recoil and Key Start
Engine oil system capacity 1.1L
Fuel capacity 30L
Dimensions 770x555x570(mm)
Net weight 85kg

Figure 3.3: Generator engine model single cylinder




3.3.2 Hot Wire Anemometer

The mass flow rate of air can be determined by using hot wire anemometer, also
known as thermal anemometer. Hot wire anemometer is the sensor that utilizes an
electrically charged wire that was used to determine the velocity of airflow entering the air
intake. This equipment was installed before installing the air filters because without the air
filter, it will directly enter to the anemometer sensor and hence cause the backflow effect.
The air filter is engineered to filter out any impurities in the air before it enters the engine,
thus reducing excess wear and tear on the engine. A dirty air filter will not only allow
impurities to enter the engine but it can also allow dirt to accumulate in the hot wire, which
can reduce its effectiveness. Hot wire that has been inserted into the outlet fitting of the surge

tank with an arrow indicated at its tip oriented downstream towards the engine’s intake port.

Figure 3.4: Hot wire anemometer

Figure 3.5: Installation space for anemometer
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3.3.3 Magnetic Stirrer

Magnetic stirrer is a device used to mix components either solids and liquids or liquid
and liquid to get homogeneous liquid mixtures. The concept of this equipment is almost the
same as a blender but this equipment has more advantages. By using the magnetic stirrers,
it can minimize the risk of contamination since there is only an inner magnet bar, which can
be easily cleaned by putting it inside the sample or fluid. Magnetic stirrers mix the gasoline
and hydrogen peroxide together using an external magnetic field that rotates a small
magnetic bar that has been placed in the mixture of liquid. The test was continued with 5
vol % H20:2 95 vol % and 10 vol % H202 90 vol % gasoline. This magnetic bar can also
adjust the speed for suitable use. After several minutes, this blend solution can proceed to

properties test.

Figure 3.6: Magnetic stirrer

3.3.4 Bomb Calorimeter

Bomb calorimeter is a device that is important to determine the energy content of the
oil. There are two types of bomb calorimeter which are the manual and the automatic. In
order to find the energy content of H>O»-gasoline blend, manual bomb calorimeter was used.
Experiment was carried out several times to find the energy content for gasoline and also the

5% and 10% of H>O» blend. For the manual part, the bomb calorimeter device was set up
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and was let to operate for about 20 minutes. After the device has been operated for about 6
minutes, fuel was ignited in order to get the maximum value of temperature that can be
reached by the fuel. Temperature for each minute was recorded to until the combustion
process is completed. Energy content of the fuel will be calculated from the data temperature

recorded. More information will be provided in Appendix H.

Figure 3.7: Manual bomb calorimeter

3.3.5 Hydrometer

Hydrometer was used to find the density of the solution. In this project, hydrometer
was used to find the density of the gasoline alone and H>O»-gasoline blend. This fuel was
placed in the conical flask after stirring for several times. A full fuel of 500ml conical flask
was put in the water bath first to allow the temperature of fuel to reach about 14°C to 16°C.
Hydrometer was then soaked in the conical flask and make sure that there is no external
disturbance on the surface of the conical flask in order to obtain an accurate density reading.

The result displayed on the reading scale is in unit g/cm?.
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Figure 3.8: Hydrometer

3.3.6 Data Acquisition System (DAS)

DAS used during the experiment was the SIRIUS type. Pressure transducer or
pressure and crank sensors were installed on the engine and this sensor is connected to the
DAS. The output of the DAS was connected to the display on the laptop that can be read
through a DEWESOFTX2 software which can visualize the P-0 diagram while the
experiment is running. The data that can be obtained from this software is the performance
of the engine. They are the volume of the cylinder, the speed and all the other parameters

needed.

Figure 3.9: Data Acquisition System
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3.3.7 Polysaccharide

Polysaccharide was used as a catalyst to undergo an emulsifier process of blend
H>0;-gasoline to produce a soluble solution. This catalyst was added due to incomplete
process of the fuel blend. This additive can reduce the surface tension between the two

solutions blend and can stabilize the blend for certain period.

Figure 3.10: Example mixture of emulsify process hydrogen peroxide-gasoline by using
polysaccharide
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CHAPTER 4

RESULTS AND DISCUSSION

4.1 Introduction

This chapter consists of results of the experimental and numerical investigations,
analysed and discuss the problem while running an experiment and conclusions at the end
of'this chapter. Discussions are made based on the data of the experiment that can get through
this chapter. In this chapter, performance results will be discussed along with the effect of
AFR in difference type of blend fuel based on gasoline alone. Experimental results include
the performance characteristics of single cylinder SI engine with the variable of speed and
load. It is then compared with gasoline alone and gasoline-hydrogen peroxide H>O:

operations.

4.2 Experimental Data

4.2.1 Properties of Fuel Blend

The fuel that used during the experiment was the gasoline from Caltex RON 95 and
gasoline blend with the H20.. The properties collected from this experiment was energy
content, Quv of fuel and the density of difference type of fuel blend. The experiment of
properties finding was conducted at Chemical Lab, Faculty of Mechanical Engineering. The

result of density and energy content of fuel was tabulated as shown in Table 4.1.
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Table 4.1: Results of density and energy content of fuel

Type of Fuel Density (kg/m®) | Energy Content, Quv (kJ/kg)
Gasoline Alone 735 38102
5% of H20z + Gasoline 755 33474
10% of H20, + Gasoline 765 28845

Based on Table 4.1 showed a result of density and energy content of fuel that is used
in the experimental engine. The difference types of fuel will be resulting in the difference
values of density of fuel and energy contents. Moreover, the density of 10% hydrogen
peroxide- gasoline blend was higher than gasoline alone. Due to the higher density of H2O»
that are used it contain 50% of water. When the content of H>O> has mixed with water that
will give the density value close to the density of water 1000 kg/m3. Assuming of more
percentage of H2O» blend with gasoline will give the higher value of density that is close to
the density of water.

Besides that, difference with the value energy content, Quv of fuel which is 10%
H>0O»-gasoline blend decrease more than the heating value of gasoline alone. This reduction
of energy content on H2O»-gasoline blend due to the extra atom of oxygen in H2O»> is in
suspension in water and place in the unstable condition where the oxygen are trying to escape
unless held under slight pressure that keeps in stored (Charles P.Cox, 1981). Other than that,
energy required for spray evaporation was influenced by the exothermal of gas phase H>O»
decomposition and H»>O»-gasoline blend give that more reaction to the air that can sure more
percentage of H>O» blend with the gasoline will give lower value of energy content due to

heat loss to the air before the ignition (Franz & Roth, 2000).

4.2.2 [Exported Engine Data
Crank angle (CA) sensor and pressure sensor was install on the engine for finding

pressure, volume and also crank angle in single cylinder by cycles. From this basic data will
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provide more related performance of engine. This sensor will connect to the DAS and the
data from engine will shows through DEWESOFTX2 software. Table 4.2 shows the raw
data that which exported from software to Microsoft excel.

Table 4.2: Raw data from software

X axis (deg) Voll (dm?) Al 1 psmoAve (bar)
-360 0.049985 0.41769922
-359 0.050025 0.41504619
-358 0.050145 0.41369268
-357 0.050625 0.42785469
-356 0.050625 0.39943102
-355 0.050985 0.42102486
-354 0.051424 0.40997204
-353 0.051943 0.4104614
-352 0.05254 0.40752992

Moreover, the other raw data that collected from experiment was the fuel consumption that
get from the Bernoulli ways which measure quantity of fuel used for engine running. Other
than that, this fuel consumption can give higher effect of AFR data and specific fuel
consumption (SFC). Experiment was running with three type of fuels which are gasoline
alone (GA), 5% H20»-gasoline and 10% H>O»-gasoline blend with variant load and different
engine speed. Table 4.3 to 4.5 indicated raw data of fuel consumption which were fully

exported to Microsoft Excel from DEWESOFTX2 software.

Table 4.3: Fuel consumption with different fuel and different load at 2500 RPM

Load (W) Fuel Consumption (ml)
GA 5% H>0» 10% H>0»
0 14.6 15.9 20.3
500 21.3 21.4 22.4
1000 26.7 25.7 35.2
1500 30.5 30.3 41.0
2000 34.2 37.6 37.5
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Table 4.4: Fuel consumption with different fuel and different load at 3000 RPM

Fuel Consumption (ml)
Load (W) GA 5% H,0, 10% H,0,
0 17.4 20.5 21.8
500 25.4 25.0 24.3
1000 29.6 31.8 323
1500 32.6 42.0 45.5
2000 31.7 42.0 46.2

Table 4.5: Fuel consumption with different fuel and different load at 3500 RPM

Fuel Consumption (ml)
Load (W) GA 5% H20, 10% H20,
0 23.8 29.5 22.4
500 34.2 32.1 30.5
1000 33.9 35.7 49.1
1500 37.2 40.5 48.1
2000 34.4 45.9 43.7

4.3 Performance Analysis

The experimental investigation has been done on gasoline alone and hydrogen
peroxide-gasoline blend fuel with different of load apply also different of engine speed to
the effect of AFR was discussed in this section. The main objective of this investigation is
to study effect to the AFR on performance when changing different type of fuel and
determine the optimum AFR for better performance. This section will be used selected chart
that represents similar pattern for each performance characteristics that will be interpreted
and discussed. The extensive charts on performance of single cylinder SI engine for GA, 5%
H>0,-gasoline blend and 10% H>0--gasoline blend operations are presented in Appendix A

to G.
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4.3.1 Crank angle (CA) to Cylinder Pressure

The cylinder pressure was measured using DEWESOFTX2 pressure transducer and crank
sensor, this input data was well-organized by DAS to visualize P-0 diagram while running
the experiment. Figure 4.1 shows an example of the variation of cylinder pressure with crank
angle at the speed of 3000RPM and 2000W load for GA operation, hydrogen peroxide with
gasoline operation, for CASE 1 and 2. For CASE 1 which use 5% H>0;-gasoline blend and
CASE 2 for 10% H202-gasoline blend.

From Figure 4.1 shows the results show that all curves move upwards with the same
pattern before top dead center (TDC) which indicates normal combustion of fuel without
pre-ignition. The GA and gasoline-hydrogen peroxide for CASE 1 and CASE 2 pressure
curves has the tendency to shift to the right for CASE 1 and CASE 2 where the peak pressure
for GA operation occurs in the range of 10° to 16°CA before than that of GA operation
throughout all engine speeds. Injection of H>O» shift the pressure increase to later CA which
cause the delay in peak pressure of CASE 2 about 20° CA. This operations occurs is due to
high auto-ignition temperature of hydrogen peroxide in cylinder charge causes late ignition
of hydrogen peroxide after pilot ignition of gasoline fuel. Delay of peak pressure also due to
water injection in hydrogen peroxide reduces combustion flame temperature during
premixed combustion phase of the cylinder charge (Franz & Roth, 2000).

Moreover, the optimum AFR for the figure 4.1 was CASE 2 which is 12.3 without
any load given. From the graph, the delay before start ignition for all fuel was almost close
to each other is about -60° to -50°CA. From -50° to -40°CA the engine start to ignite and
after that graph up rise immediately caused by combustion process occur in cylinder increase
pressure in cylinder 7 to 7.5 bar for GA and CASE 2. A little bit different for CASE 1 which

has early end of combustion process about 20° to 24°CA and caused the pressure in cylinder
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about 6.5 bar also the highest value of AFR. This can be logical the highest mass of air with
the less mass of fuel make the lean combustion.

From Figure 4.2, the pressure to crank angle is close enough to the graph before but
have an ignition delay from -60° to -50°CA make a right time for fully combustion process
end without any problem. For this graph, the load is applied with 2kW and get the highest
pressure occur at CASE 2 was about 17 bar with the AFR 15.53. Other than that, this graph
make the better process of combustion which most increasing value of AFR that near to the
stoichiometric value (14.7) will influence of the pressure also efficiency of the engine (Jansri
& Sooraksa, 2012). This can be classified as rate of fuel mass and rate of air mass with

adequate quantity.

AFR =123

AFR =13.5
AFR =10.36

Figure 4.1: Variation of cylinder pressure with crank angle at 2500 RPM with OW of load
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AFR =15.53

AFR =11.46

AFR = 12.24

Figure 4.2: Variation of cylinder pressure with crank angle at 2500 RPM with 2kW of load

4.3.2 Maximum Pressure in Cylinder

The peak pressure was obtained from P-0 diagram or pressure to crank angle for
every speed and load during experiments. The analysis of peak pressure is analysis in
determining maximum force can be accepted for the engine piston and cylinder to identifying
the best material for engine fabrication. The analysis of peak pressure is more important in
finding safety factor of engine fabrication as compared to BMEP analysis since it really
indicates the in-cylinder conditions.

Figure 4.3 showed that variation of peak pressure with engine speed at S00W of the
load has been applied. The graph indicated that when engine speed at 2500 RPM, GA has
the highest pressure and CASE 1 has the lowest pressure. According to Figure 4.3 at 2500
RPM, GA has the highest value of pressure about 11 to 12 bar and follow with the CASE 2
around 10.5 bar and 7.8 bar for CASE 1. This figure pattern showed the pressure for each
case is decreasing below 9 bar at 3000 RPM. After that, the pressure increases slowly for
certain pressure at 3500 RPM with not higher as at 2500 RPM. It could be concluded that

the decrement of pressure is caused by sudden changes of fuel used to stabilize engine with
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the added more of hydrogen peroxide caused the pressure rise up again. Other than that,
lower peak pressure for CASE 1 and CASE 2 operation is due to evaporative cooling of
water affects the temperature during premixed combustion.

Figure 4.4 is almost same with Figure 4.3, which GA has the highest pressure in
cylinder around all cases when combustion process occur with the 12.2 bar at 2500 RPM.
This figure showed the in-cylinder pressure were decreasing with about 10 bar and rise up
again to 10.3 bar. The pattern is same for CASE 2 and CASE 1 but they are slightly
difference in pressure value. At the early stage, for both figures it showed that pressure for
the Figure 4.4 has 12.2 bar which is higher than pressure in Figure 4.3 that is 11.5 bar. It can
be described that the increasing of pressure for Figure 4.4 due to a highest peak pressure
produce higher heat release rate and more complete combustion as the effect of optimum

equivalent ratio of the cylinder charge with hydrogen and water droplet.

Figure 4.3: Variation of peak pressure to engine speed with 500W of load
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Figure 4.4: Variation of peak pressure with engine speed at 1000W of load

4.3.3 Heat Release Rate

Heat release rate (HRR) was calculated from the average pressure with respect to
crank angle for one minute cycles. It is important to identifying the rate of chemical energy
released from combustion of fuels. Figure 4.5 and 4.6 demonstrates the heat release rate of
SI engine in present investigation running on GA, CASE 1 and CASE 2 with duration of
180° BTDC and 180°ATDC at 2500 RPM and 3000 RPM with apply 2kW and 500W of
load.

Figure 4.5 demonstrates for all cases which GA has the lowest of peak heat release
rate (PHRR) with value 7 Joule per degree (J/° deg) with AFR 12.72. The highest value of
PHRR was the CASE 2 that has 11.6 Joule per degree (J/° deg) with the AFR 17.29. For
CASE 1 and CASE 2 can be seen the PHRR was shift to right compare to the GA caused by
late of combustion phase where small fraction of fuel not yet burned. Moreover, from the
graph also a gap different of AFR for CASE 2 with the other cases that has 17.29 which
highest value from GA, this because combustion have the extra air that give the lean

combustion.
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It have almost same pattern with Figure 4.6 but have different of PHRR for CASE
2 has the highest value which is about 5.3 Joule per degree (J/° deg) with the AFR value
17.06 and GA has the lowest value of PHRR with 3.4 Joule per degree (J/° deg) and has the
lowest value of AFR 12.02. The little bit different about this two different of graph caused
by the changes of engine speed. It was also given an effect to the AFR with an increasing
and still GA has optimum AFR. Besides that, negative heat release rate have been observed
before the start of ignition due to gasoline fuel and hydrogen peroxide droplet initiates its

vaporization process resulting in heat absorption from the cylinder charge.

Figure 4.5: Variation of heat release rate again crank angle at 2500 RPM with 2kW
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Figure 4.6: Variation of heat release rate again crank angle at 3000 RPM with 500W

4.3.4 Indicated Work

Gross indicated work 1s known as work delivered to the piston during compression
and expansion strokes namely crank angle in between 180°BTDC and 180°ATDC. It also is
known as useful shaft work available for an engine. It is determined from enclosed area on
PV diagram as shown in Figure 4.7. Figure 4.8 and 4.9 shows the variation of gross indicated
work (in unit Joule) for all cases at each engine speed for OW and 2kW of the load.

From Figure 4.8 showed the GA has the lowest gross indicated network around 46
Joule to 48 Joule at each engine speed than CASE 1 and CASE 2 which has the highest value
of gross indicated network about 100 Joule to 105 Joule for 2500 RPM. After that, network
was decreasing for CASE 1 and CASE 2 and have almost same indicated network about 90
J to 92 J at 3000 RPM. Decreasing for CASE 1 and CASE 2 caused by the friction loss
because of the problem occur while running an experiment (Heywood, 1988) and increasing
with the almost same gross indicated network about 93 J to 95 J. This pattern was same for
the GA that decrease at 3000 RPM and highest rate of rising up at 3500 RPM from 45 J to

62 J.
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Moreover, Figure 4.9 can be observed that the higher gross indicated network was
the CASE 2 which has about 212 J at 2500 RPM. GA has the lowest gross indicated work
about 110 J. For this pattern of the graph for CASE 1 and CASE2 was almost same that
decreasing at 3000 RPM and continuously decrease for 3500 RPM. A little bit difference
pattern for GA that decreasing at 3000 RPM and make it increase for indicated network at
3500 RPM. From this Figure 4.8 and Figure 4.9, can be concluded that gross indicated
network for Figure 4.8 has the highest value in each difference speed compare to the Figure

4.9 that increase a load made the gross indicated network higher than expected.

Figure 4.7: P-V diagram at 3500 RPM with 1kW load for CASE 2
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Figure 4.8: Gross Indicated Work with different engine speed at OW load

Figure 4.9: Gross Indicated Work with different engine speed at 2000W load

4.3.5 Indicated Thermal Efficiency

Indicated thermal efficiency (ITE) is determined from the ratio of gross indicated
work and total heat generated from combustion of fuels. Figure 4.10 and 4.11 illustrates the
variation of ITE with carburettor flow for all cases at different engine speed with different

of load.
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It can be seen from Figure 4.10, at 2500 RPM the highest value of ITE was CASE 1
which has 33.4% and decrease steadily 24.9% at 3500 RPM. A result different for CASE 2
that increase rapidly from 31.2% at 2500 PM to 37.6% at 3500 RPM. Besides that, GA has
the lowest thermal efficiency with 16.3% and the pattern same with the CASE 2 that increase
gradually to 17.2% at 3500 RPM. Effect of decreasing of CASE 1 caused by increase of inlet
charge temperature (Pan et al, 2015) and the pattern increase for GA and CASE 2 caused by
advanced ignition timing air furl mixture get sufficient time to ignite (Khalefa, 2011).

Figure 4.11 showed that CASE 2 has highest thermal efficiency among the other
cases. This figure shown based thermal efficiency with 2kW load applied. At 2500 RPM,
CASE 2 which effect 36% thermal efficiency and decrease slowly at 300 RPM with 30.1%
then rise up again for 3500 RPM. This pattern for CASE 2 was almost same with CASE 1
that has only a few low value from CASE 2. Moreover, the lowest value of thermal efficiency
for this graph was GA that has 16% and climbed up instantly to 19.6% at 3000 RPM and
continues increase to 21.3% at 3500 RPM.

This can be concluded the thermal efficiency for OW load and applied 2kW of load
did not give much more different with other. It can be classified for have the same effect to

the engine for thermal efficiency with load or without load.

Figure 4.10: Thermal efficiency with different engine speed at OW load
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Figure 4.11: Thermal efficiency with different engine speed at 2kW load

4.3.6 Indicated Power (IP)

The other important thing in performance of engine to determine energy that were
related to load. This power is the usable power delivered by engine to the load and can be
describe as brake. Indicated power can be obtained by adding some friction power to the
brake power. It can be classified average rate of work gases transfer in cylinder during
expansion and compression process occur (Heywood, 1988).

Figure 4.12 indicated that the highest power (kW) output was for CASE 2 about 2.1
kW at 2500RPM and growth up linearly for 3000RPM and continues again increase to 2.78
kW at 3500RPM. It not have much different for CASE 1 which has 2 kW at the begin of
engine speed and increasing at 300RPM at which has same value of I[P with CASE 2 and
continues increase until 3500RPM with a little low from the CASE 2. With has the lowest
values of power for GA at 2500RPM with 1 kW and also has same pattern with the other
cases that increase linearly for 1.17 kW at 3000RPM and increasing again to 1.7 kW at

3500RPM.
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Figure 4.13 and 4.12 has the same pattern. It shows the increasing value of power
from 2500RPM to 3500RPM. Figure 4.13 have much higher value of IP which starting at
2500RPM for CASE 2 was 4.47 kW and end up at 3500RPM with 5.14 kW. Furthermore,
same also for CASE 1 and GA that has 2.3 kW in starting and end up with 3.08 kW for

3500RPM.

Figure 4.12: Indicated power at different speed with OW load

Figure 4.13: Indicated power at different speed with 2kW load

46



4.3.7 Indicated Specific Fuel Consumption (ISFC)

The other parameter must be included in performance of the engine and was
measured as a flow rate which is mass flow per unit time. The accurate define for this
parameters was fuel flow rate per unit power output. This parameter can determined how
efficiently an engine was using the fuel supplied to produce work. Low value of ISFC are
most desirable.

From Figure 4.14 and 4.15 showed that ISFC versus the engine speed. This figure
indicate the different result with load and without load. As can been see, Figure 4.14
indicates that GA has the highest ISFC again other cases with 645.74 g/kWh at 2500 RPM
and decrease at 3500 RPM with 611.45 g/kWh. The lowest ISFC at 2500 RPM was CASE
1 that used only 357.13 g/kWh. CASE 1 suddenly have increase dramatically at 2500 RPM
and end up at 3500 RPM with 480.34 g/kWh. The stable condition for engine without load
was the CASE 2. It can be proved which has a low value at 2500 RPM and decrease linearly
at 3000 RPM and decrease again at 3500 RPM with 368.75 g/kWh.

Figure 4.15 showed that ISFC with the 2kW load applied have a completely different
of result. It can be proved that GA has the highest ISFC at 2500 RPM with 654.36 g/kWh
and rapidly decrease at 3000 RPM with 535.74 g/kWh and end up at 3500 RPM with 492.18
g/kWh. CASE 1 and CASE 2 has slightly difference value of ISFC at 2500 RPM and were
differently at 3000 RPM with 418.34 g/kWh for CASE 1 and 460.01 g/kWh for CASE 2.
Furthermore, CASE 2 was dropped at 3500 RPM with the 389.96 g/kWh below than CASE
1 with 406.58 g/kWh.

This can be concluded that CASE 2 has the best ISFC because less used of fuel for
engine output during highest engine speed. This can be proved by the best value of ISFC for
SI engine are about 270 g/kWh (Heywood, 1988). From this fact, the suitable case for ISFC

was CASE 2 that were used 10% of hydrogen peroxide blend with the gasoline.
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Figure 4.14: Indicated specific fuel consumption with different engine speed without load

Figure 4.15: Indicated specific fuel consumption with different engine speed on 2kW load
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CHAPTER 5

CONCLUSION AND RECOMMENDATION

As a conclusion, in order to complete the experiment of this research using the
additive hydrogen peroxide, we need to consider a few factors. It can clearly be seen that
when the hydrogen peroxide is blending with gasoline, it will eventually produce some
effects of pressure in-cylinder and to AFR where the pressure in-cylinder can be lower or
higher from GA but somehow it needs a little more time to undergo the process of
combustion compared to GA. This problem was due to the high auto-ignition temperature of
H>0: in the cylinder charges and hence causes the pressure to ignite later than GA. Next,
based on the result of the experiment when using a 10% of H,O2 — gasoline blend, it can be
concluded that the highest pressure in-cylinder will produce the highest AFR.

On top of that, it can also be concluded that by each of the engine speeds, the pressure
in-cylinder will decrease and will not rise higher than the original engine speed. HRR can
identify the rate of chemical energy released from combustion. Through the experiment, it
was proven that H>O; produced a good result since it has a lower value compared to GA that
has higher HRR. Besides that, we can also determine the optimum value of AFR where the
value can be considered close to the stoichiometric value which is about 17 for SI engine
and 9 for 10% H>O»-gasoline blend.

Next, for the result of the optimum work, it can be seen that when we are using the
10% H>O», it obtained the highest of work compared to GA. This can be concluded that
when we increase the load given to the engine, we will also get a higher value of indicated
work. For the result of the thermal efficiency, when using the hydrogen peroxides blend, it

shows that the thermal efficiency are higher than GA but having only slight differences in
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value when using or without using the load. The optimum value of thermal efficiency is
about 30% to 35%.

H>0;-gasoline blending will give more power compared to GA and this power will
increase due to the increment of engine speed and load given. During certain periods of
timing the engine is running. The ISFC is considered the best if they consume the least
amount of fuel when the engine is running. The usage of the 10% of hydrogen peroxide
blend with gasoline shows better ISFC value output with the increment of the engine speed
compared to GA. Although hydrogen peroxide shows great performance of engine, but it
has a lower energy content compared to GA. The best energy content for fuel is 44000 kJ/kg
and above. The energy content result proves that the increment percentage of hydrogen
peroxide blend with gasoline will make a lower of energy content.

Some recommendations for future study are as follows. Chemical H>O; blend with
gasoline should not be more than 10 vol %. This is due to the properties of the hydrogen
peroxide. This is to avoid time-lag during combustion process due to the energy that
evaporated easily to the air and dry faster. On top of that, having a better polysaccharide that
can act as an emulsifier in the process of blending the hydrogen peroxide with gasoline

during the experiment would be good either.
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APPENDIX A

Variation of cylinder pressure with crank angle
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APPENDIX B

Maximum pressure in cylinder again engine speed
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APPENDIX C

Heat Release Rate
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APPENDIX D

Indicated work
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APPENDIX E

Indicated thermal efficiency
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APPENDIX F

Indicated power
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APPENDIX G

Indicated specific fuel consumption
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APPENDIX H
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