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ABSTRACT 

 

 

 

 

The alternative fuel is attract good attention from worldwide especially for renewable 

and prevention energy such as biodiesel. Biodiesel is one of the hydrocarbon fuels and it 

has potential for external combustion. This research used biodiesel Crude Palm Oil 

(CPO) as fuels in which have been blend with diesel. Biodiesel Crude Palm Oil base 

(CPO) is free from sulfur and produced by esterification and trans-esterification reaction 

of vegetable oil with low molecular weight alcohol, such as ethanol or methanol. Rapid 

mixing injector uses for external combustion especially open burner system. Therefore, 

the objectives of this research are to investigate the effects of mixture formation between 

biodiesel and water on using rapid mixing injector and to analyze the influence of mixture 

formation on flame propagation and combustion characteristics together with the effect of 

water content on the gas emissions are analyzed. The disadvantages of CPO are high toxic 

emissions such as NOX and CO while it can cause the reduction on performance of 

burner system. However, high toxic emission can be solved by using a new concept 

injector with fuel-water-air premixing. The additional water in combustion process can 

be reduced the NOX emissions. The results of this research focuses on the mixture 

formation of spray, flame and exhaust gas emissions. CPO biodiesel has longer spray 

length and bigger spray area than diesel, but the spray angle is smaller than diesel. Based 

on flame image, it shows that the flame color between pure fuels and fuel-water mix fuel 

is totally difference compare to each other. Water mix with fuel has the brightness color 

and shorter flame than fuels. The exhausts gaseous tested are CO, CO2, HC and NOX. In 

this research, water premix of percentage up to 15vol% and blending biodiesel ratio was 

varied from 5vol% - 15vol%. The result shows that increasing of water content will 

affected decrement of CO, CO2 and HC emissions but increasing the NOX emissions. 
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ABSTRAK 

 

 

 

Bahan api alternatif dapat menarik perhatian dari seluruh dunia terutamanya untuk 

pembaharuan tenaga seperti biodiesel. Biodiesel adalah salah satu bahan api hidrokarbon 

dan mempunyai potensi untuk pembakaran luar. Kajian yang menggunakan biodiesel 

daripada minyak sawit mentah (CPO) sebagai bahan api di mana diesel sebagai bahan 

pencampuran. Biodiesel minyak sawit mentah (CPO) adalah bebas daripada sulfur dan 

dihasilkan daripada pengesteran dan trans- pengesteran hasil reaksi minyak sayur-

sayuran dengan berat molekul alkohol yang rendah, seperti etanol atau metanol. 

Penyuntik pencampuran pesat digunakan untuk sistem pembakaran luar terutamanya 

pada sistem pembakaran terbuka. Oleh itu , objektif kajian ini adalah untuk mengkaji 

kesan pembentukan campuran antara biodiesel dan air dengan menggunakan penyuntik 

pencampuran pesat dan bertujuan untuk menganalisis kesan pembentukan campuran 

pada perambatan api dan ciri-ciri pembakaran sekaligus menganalisis kesan kandungan 

air pada pelepasan gas. Antara kelemahan CPO adalah dapat mengurangkan prestasi 

sistem pembakaran dan juga pelepasan toksik yang tinggi seperti NOX dan CO. 

Walaubagaimanapun, pelepasan toksik yang tinggi dapat dikurangkan dengan 

menggunakan konsep penyuntik pencampuran bahan api – air –udara. Percampuran air 

dapat menggurangkan NOX. Hasil kajian ini adalah hanya tertumpu kepada campuran 

semburan bahan api, pembentukan api dan pelepasan toksik. Berdasarkan keputusan 

semburan, CPO menghasilkan bentuk semburan yang panjang, besar dan sudut lebih 

kecil berbanding diesel. Percampuran bahan api dan air akan menghasilkan nyalaan 

warna api yang lebih terang dan nyalaan api yang pendek. Pelepasan toksik dapat 

dikurangkan dengan meningkatkan kandungan air. Gas-gas pelepasan yang diuji ialah 
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CO, CO2, HC dan NOX. Di dalam kajian ini, pracampuran air ialah sehingga 15% 

isipadu, manakala julat nisbah percampuran biodiesel pula ialah daripada 5% hingga 

15% isipadu. Hasil daripada kajian ini menunjukkan bahawa, gas NOX berkadar 

langsung dengan peningkatan kandungan air, tetapi sebaliknya untuk gas CO, CO2 dan 

HC. 
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CHAPTER 1 

 

 

 

INTRODUCTION 

 

 

 

1.1 Research Background 

 

In the future, the growth of population and economic require more energy and natural 

resources. Increasing in environmental issues and the cost of fossil fuel has resulted in 

research on alternative fuel such as biodiesel. Biodiesel as the renewable resource 

continue to be of interest research in order to achieve a sustainable energy economy thus 

reducing dependence on fossil fuels. Moreover, worldwide demand on the biodiesel as 

an alternative fuel is also increasing due to the world energy sources crisis. 

Advantage of biodiesel is an environmentally friendly fuel, which one of the 

clean and renewable energy resources. The fuel is usually made from animal fat or 

vegetable oil revenue trans-esterification reaction. The oxygen content in biodiesel is 

11% to 15%, which results in increasing the combustion process and reducing the 

emission from diesel engines [1]. 

Emission is a main issue in the observation of external combustion 

characteristics. In combustion process could emitted into the atmosphere, Nitrogen oxide 

(NOx) reacts with water and other compounds to form various acidic compounds, fine 

particles, and ozone. These pollutants can remain in the air for days or even years. 

Effects of NOx are decrease in lung function, resulting in difficulty breathing, shortness
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of breath, and other symptoms. 

However, this fuel, released toxic emissions such as Nitrogen oxides (NOX) and 

Carbon monoxide (CO). NOX are known to be immediately dangerous to human health 

and environment. Besides that, NOX reacted with other pollutants to form toxic chemical 

as well as contribute to the formation of acid rain. CO is highly toxic to human body 

even at lower levels. 

Rapid premixing in the combustion process was use to reduce the gas emission 

especially NOX and flame temperature. The premixing also influenced on flame 

propagation phenomena. Furthermore, the gas emission also can be reduce by 

controlling the spray characteristic such as spray penetration and spray angle to compare 

fuel diesel and biodiesel Crude Palm Oil (CPO). 

  

 

1.2 Research Problem Statement 

 

Controlling the exhaust emissions is an urgent task to meet future emission 

legislation. The gas emission can be reduced by two methods. First is by improving an 

injector with fractals and the other one is by using a biodiesel-water mixture as an 

alternative fuel. Mixing of water with fuel in the combustion process is a low cost and 

effective way. 

Fractal grid is one of the methods using in the rapid mixing. Fractal grid is a new 

turbulence generator is used to generate turbulent for improvement of mixture formation 

between fuel-water-air and performance of combustion. The premixing fuel biodiesel-

water-air mixture has been studied previously by manipulating different water content of 

premixing biodiesel and equivalence ratio [1]. However, the amount of data is still not 

enough to describe in detail about the combustion characteristics of this premix fuel by 

using the fractal grid. 

This study is focused on the observation of the real images of the spray and 

flame characteristics for different equivalence ratio of water content and premix fuel.  

The spray characteristic such as spray angle penetration length is essential data in order 
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to predict the combustion process of the mixture. The combustion characteristics are 

observed and analyzed the effect of the water content on the gas emission. 

 

1.3 Objectives 

 

i. To investigate the effect of biodiesel and water on mixture formation using rapid 

mixing injector. 

ii. To analyze the influence of mixture formation on flame propagation and 

combustion characteristics. 

iii. To investigate the effect of water content on combustion and emissions. 

 

 

1.4 Scope of the Study 

 

i. Premix injector is used to mixed between fuel, air, and water. 

ii. Fractal grid is inserted in the premix injector for the purpose of controlling 

combustion. 

iii. In this research, different types of blends biodiesel fuel are used from the crude 

palm oil (CPO) such as CPO5 (5vol%), CPO10 (10vol%) and CPO15 (15vol%). 

iv. Different nozzle characteristics of injector which were 45° and 50° are used in 

burner system. 

v. Pressure of 0.25 bar is used to generate the mixture formation with equivalence 

ratio between 0.6 to 1.4. 

vi. Water premixing up to 15% and the ratio of the biodiesel between 5% to 15% are 

set for this experiment. 

vii. The emissions will be focused on Carbon monoxide (CO), carbon dioxide (CO2), 

and hydrocarbons (HC) also been studied. 
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CHAPTER 2 

  

 

  

LITERATURE REVIEW 

 

 

 

2.1  Introduction 

 

This study aimed to investigate the effect of biodiesel fuel especially from crude 

palm oil to open burner. In this research, it involves in the development injector for 

burner system. Premix injector mix the air, fuel and water in combustion process [1].  

As the increases of the pollution problem, the demand for technologies to 

meet different lifestyle requirements increase as well. Consequently, Lean premixed 

combustion of gaseous fuel is currently one of the most important technologies to 

achieve low pollutant emission at high efficiencies in the power generation. 

Reduction of NOX emissions is a direct outcome of the lower combustion 

temperatures when burning a lean mixture and complete combustion prevent the 

creation of unburned hydrocarbons (HC) and carbon monoxide (CO) [2]. However, 

turbulent premixed flames are studied in various configurations such as burner-

stabilized, wire-stabilized flame outward propagating spherical flame and flames 

stabilized in opposed jet flows. In most cases the fuel mixture flows through a burner 

and turbulence is generated by the shear flow or by the use of grids upstream of the 

flame stabilized location. 
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2.2 Biodiesel 

 

Biodiesel as an alternative fuel for diesel engines is become an increasingly 

important due to diminishing petroleum reserves and the environmental 

consequences of exhaust gases from petroleum-fuelled engines. Edible vegetable oils 

such as canola, soybean, and corn have been used for biodiesel production and are 

proven diesel substitutes. However, a major obstacle in the commercialization of 

biodiesel production from edible vegetable oils is their high production cost, which 

due to the demand for human consumption. Reducing the cost of the feedstock is 

necessary for biodiesel’s long- term commercial viability. One of the ways to reduce 

the cost of this fuel were use less expensive feedstock including palm oil that are 

non-edible and require low harvesting costs. 

  Table 2.1: Physical and chemical properties of B100 [3] 

 

Biodiesel has a major advantage over petroleum diesel, since the biodiesel 

derived from renewable sources is clean burning fuel that does not contribute to the 

increase of carbon dioxide, being environmentally friendly. Biodiesel is an 

oxygenate, sulphur free and biodegradable fuel, and its content of oxygen helps 

improve its combustion efficiency. Therefore, fewer greenhouse gases such as 

carbon dioxide are released into the atmosphere. Biodiesel has positive performance 

attributes such as increased cetane, high fuel lubricity, and high oxygen content [4]. 

Since, biodiesel is more lubricating than diesel fuel, it increases engine life and it can 

be used to replace sulphur, a lubricating agent, that when burned, produces sulphur 

oxide; the primary component in acid rain. As shown in Table 2.1 stated that the 

viscosity of biodiesel is evidently higher than that of diesel fuel. The density of the 

biodiesel is approximately 6.1% higher than that of diesel fuel. The lower heating 

Test Properties B100 

Carbon (%mass) 77.10 

Hydrogen (%mass) 11.81 

Oxygen (%mass) 10.97 

Cetane Number (ASTM D613) 51.5 

Kinematic Viscosity 4.2691 
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value is approximately 10.2% lower than that of diesel fuel. Therefore, it is necessary 

to increase the fuel amount to be injected into the combustion chamber to produce 

the same amount of power [3]. 

 

2.2.1 Biodiesel Properties 

 

The most important difference between the composition of diesel fuel and biodiesel 

is the oxygen content in the fuel. Biodiesel contains between 10-12% oxygen content 

in which it has a high density compared to diesel [6]. According to a study, other 

than oxygen, there are other physical properties that are available on biodiesel fuel 

[5]. Among biodiesel does not contain sulfur, high cetane number, low heating value, 

good lubricity, having a high level of viscosity, having the high flash point and no 

toxic. 

In addition, apart from the physical properties listed above, there are several 

other physical properties that distinguish between biodiesel, petroleum diesel and 

palm oil [5]. Among other differences, as listed in Table 2.2. 

 

Table 2.2: Physical properties of petroleum diesel, biodiesel blends and palm oil [5] 

Types of fuel 
Density 

(kg/m3) 

Surface tension 

(N/m) 

Dynamic Viscosity 

(kg/ms) 

Petroleum diesel 828.7 0.03 0.0032 

B5 832.2 0.0305 0.0038 

B10 836.1 0.0305 0.0042 

B15 838.9 0.0305 0.0046 

B20 842.0 0.0305 0.0050 

Palm Oil 901.2 0.0345 0.0352 

 

2.2.2      Crude Palm Oil (CPO) 

 

In Malaysia, the development of biodiesel is increase in particularly for Crude palm 

oil (CPO). CPO is readily available, safe to store and handle, and most importantly, 

totally renewable. Its negligible sulphur content compared with diesel reduces the 

possibility of acid rain caused by sulphur dioxide emissions [7]. 
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CPO can be made into a biodiesel through the process of transesterification of 

triglycerides with methanol. The product of this process is known as palm oil methyl 

ester (POME), or palm oil diesel. Studies conducted on POME [7–9] have shown 

promising results compared with diesel, in terms of both engine performance and 

emission. However, POME is more expensive than CPO, due to the chemical and 

mechanical processing involved. The interest in CPO as a diesel substitute stems 

from its simple production process, which makes it less expensive than POME. 

CPO is a type of the vegetable oils that process into biodiesel by using 

transesterification with methanol and the biodiesel produced is called palm oil diesel. 

One major disadvantage of CPO is their high viscosity which causes clogging of 

injectors. The methods that can reduce the viscosity is heating process which mixing 

with lighter oil [9]. From the Fig.2.1 show that the viscosity of biodiesel decrease 

when the temperature is increased. 

 

Figure 2.1: The effect of temperature against the dynamic viscosity of pure CPO [10] 

 

The other method to decrease the viscosity of the biodiesel was used blending 

process because the blending process brings some benefits such as [11]:  

a. Can be easily done at any places;  

b. Special instruments and chemical processes are unnecessary;  

c. The fuel after blend are able to use in the engines that without extensive 

transformation and modification 
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2.2.3 Advantages of biodiesel 

In this section, there are includes: 

i. Availability and renewability 

ii. Lower emission 

iii. Biodegradability 

 

2.2.3.1 Availability and renewability 

 

Biodiesel is the only alternative fuel with the property that low-concentration bio fuel 

petroleum fuel blends will run well in unmodified conventional engines. It can be 

stored anywhere petroleum diesel fuel is stored. Biodiesel can be made from 

domestically produced, renewable oilseed crops such as soybean, rapeseed and 

sunflower. The risks of handling, transporting and storing biodiesel are much lower 

than those associated with petroleum diesel. Biodiesel is safe to handle and transport 

because it is as biodegradable as sugar and has a high flash point compared to 

petroleum diesel fuel. Biodiesel can be used alone or mixed in any ratio with 

petroleum diesel fuel. The most common blend is a mix of 20% biodiesel with 80% 

petroleum diesel, or B20 in recent scientific investigations; however, for future 

commercial applications in Europe the current regulation foresees a maximum of 

5.75% biodiesel [12]. 

 

2.2.3.2 Lower emission 

 

Biodiesel mainly emits carbon monoxide, carbon dioxide, and oxides of nitrogen, 

sulphur oxides and smoke. Combustion of biodiesel alone provides over a 90% 

reduction in total unburned hydrocarbons (HC) and a 75–90% reduction in 

polycyclic aromatic hydrocarbons (PAHs). Biodiesel further provides significant 

reductions in particulates and carbon monoxide over petroleum diesel fuel. Biodiesel 

provides a slight increase or decrease in nitrogen oxides depending on engine family 

and testing procedures. Currently, global warming caused by CO2 is the main 
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