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ABSTRACT 

Emissions from diesel engines and vehicles are dangerous to human health and the 

environment. Biodiesel and ethanol ,obtained from agricultural products, are one of the 

alternative solutions to reduce the emissions. The purpose of this research is to investigate the 

influence of diesel fuels (B10 and B20), biodiesel fuel (B100), and biodiesel blended with ethanol 

fuels (B100E5 and B100E10) on the combustion and emission characteristics of diesel engine and 

vehicle. Ethanol blends into biodiesel fuel by weight ratio as known B100E5 (95%biodiesel with 

5%ethanol) and B100E10 (90% biodiesel with 10%ethanol). Diesel engine test was performed on 

constant engine speed of 1000, 1500, and 2000 rpm and variable engine loads of 56, 84, 112, and 

140 Nm. The combustion pressure and cumulative heat release of biodiesel fuel are not 

significantly different from diesel fuel. While the heat release rate is lower. After blending ethanol 

into biodiesel fuel, the combustion pressure, heat release rate, and cumulative heat release are 

higher than both diesel and biodiesel fuel. The indicated thermal efficiency of blended ethanol 

fuels is higher by around 5% to 8% compare to diesel and biodiesel fuel. The smoke intensity 

decreased by around 70% for biodiesel fuel and 90% for blended ethanol fuel compared to 

diesel fuel. The diesel vehicle test was tested based on the New European Driving Cycle. The 

emissions such as particulate number and particulate mass are decreased by around 30% to 40% 

when using biodiesel and blended ethanol fuel in both cases with and without the DOC system. 
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CHAPTER 1  

INTRODUCTION 
 

1.1  Research background 
The world's energy consumption is increasing every year around the world. Petroleum Oil 

is the main energy source for transportation. The world energy statistics report in 2018, around 

50%of oil consumption came from the road and it increased to around 18% within 45 years from 

1973 to 2018 [1]. In 2019, gas and diesel fuels consumed almost 40%of oil consumption products 

in Thailand [2]. According to the report of the Department of Alternative Energy Development 

and Efficiency in 2020, the demand of diesel product increased from 22626 million liters to 23920 

million liters in 2016 to 2020 or 5.7% within 4 years [3]. C. ChooChuay et al. [4] have investigated 

the causes of PM2.5 in Bangkok. The five main causes are vehicle exhaust, biomass combustion, 

sea salt mist, power plants, and pollutants from industry which accounted for 43.7%, 24.0%, 

10.5%, 6.48%, and 4.46%, respectively. Furthermore, PM2.5 emitted from diesel vehicles is more 

than from gasoline vehicles by around ten times [5,6]. 

The significantly disadvantaged of diesel combustion engines is the emissions. The 

emissions from the incomplete combustion of diesel engines are hydrocarbon (HC), carbon 

monoxide (CO), carbon dioxide (CO2), and nitrogen oxides (NOx), and particulate matter (PMs) [7]. 

Many researchers have investigated and developed clean energy or alternative source from 

renewable sources. Plants can absorb carbon dioxide (CO2) caused by greenhouse gases in 

photosynthesis. Photosynthesis provides a complete cycle of carbon cycling, not increasing or 

decreasing carbon (Carbon Neutral). Biofuel is the product from plants such as biodiesel and 

ethanol. Oxygen atoms in the biofuels can reduce the amount of soot particulate emissions in 

proportion to the content of diesel fuel [8]. 

Solving the problem of soot particulate pollution in large cities. It also helps reduce global 

warming problems, energy security and crop price problems from farmers who make up the 

majority of the country's population. The goal of this research is to investigate the impact of diesel 
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(B10 and B20), biodiesel (B100), and biodiesel blended with ethanol (B100E5 and B100E10) on 

thermal efficiency and soot emissions on compression ignition engines. The comparing process of 

combustion characteristics such as cumulative heat release and heat release rate, and engine 

performance such as thermal efficiency, specific fuel consumption, specific energy consumption 

by using an unmodified engine. As well as an analysis of the soot emission at various engine loads 

(56, 84, 112, and 140 Nm) and constant engine speeds (1000, 1500, and 2000 rpm). Including 

evaluate the actual driving of a diesel vehicle on urban driving and highway driving by simulated 

on chassis dynamometer. Furthermore, the experiment investigates a diesel vehicle in urban and 

highway driving conditions to observe the impact of diesel and biofuels on soot reduction and 

vehicle performance as fuel consumption. Furthermore, the experiment investigates a diesel 

vehicle in urban and highway driving conditions to observe the impact of diesel and biofuels on 

soot reduction and vehicle performance as fuel consumption. 

1.2  Objective 
1) To investigate the influence of diesel, biodiesel, and biodiesel blended with ethanol 

fuels on combustion characteristics and engine performance of a diesel engine. 

2) To observe the effects of diesel, biodiesel, and biodiesel blended with ethanol fuels on 

a diesel vehicle. 

3) To investigate the emissions reduction of diesel, biodiesel, and biodiesel blended with 

ethanol on a diesel engine and diesel vehicle. 

1.3  Scope of work 
1) Use diesel fuel (diesel B10 and diesel B20) and biodiesel fuel as a commercial form.  

2) Use the ethanol with a purity of 99.5% to blend into biodiesel B100 by percent weight 

5% and 10% and string until it is a homogeneous mixture. 

3) To study and analyze the combustion characteristics, engine performance, and the 

reduction of emissions of diesel, biodiesel, and biodiesel blended with ethanol on a 

compression ignition diesel engine under various engine loads with constant engine speed 

conditions. 
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4) To study and simulate the actual driving of diesel vehicles by using a chassis dynamometer 

to investigate the influence of diesel, biodiesel, and biodiesel blended with ethanol fuel 

on the emissions reduction. 
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CHAPTER 2  
LITERATURE REVIEW 

 

2.1  Diesel engine 
A diesel engine is a type of internal combustion engine which was discovered in 1897 by 

“Rudolph Diesel”. Conventional diesel engines are generally known as compression ignition 

engines. In the principle of compression ignition engines, fuel is injected directly into the 

combustion chamber at the top dead center (TDC) while compression by moving up the piston 

to increase the pressure inside the combustion chamber to self-ignite the fuel under high pressure 

and temperature. 

2.1.1  Stage cycles of diesel engine 

The 4 strokes consist of, intake, compression, power, and exhaust as show in Figure 2.1. 

1. Intake stroke: the piston starts moving from top dead center (TDC) to bottom dead center 

(BDC) while the intake valve is opened, and the exhaust valve is closed. During the piston 

moving down, fresh air is sucked into the combustion chamber. 

2. Compression stroke: Both the intake valve and exhaust valve are closed at this stroke. 

During the piston moves up from BDC to TDC, the pressure cylinder and temperature are 

increased corresponding to compression. 

3. Power stroke: During the end of the compression stroke, the fuel is injected into the 

combustion chamber and starts the combustion. The energy from the chemical 

combustion reaction is converted into mechanical energy through the piston to the 

crankshaft. 

4. Exhaust stroke: After finishing the power stroke at BDC, the exhaust valve is opened while 

the intake valve is still closed. The piston moves up to push exhaust air out of the 

combustion chamber. 
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Figure 2.1 Stage cycles of diesel engine [9] 

2.1.2  Phases of the diesel combustion process 

 

Figure 2.2 Phases of the diesel combustion process on heat release rate diagram [10]  

Figure 2.2 shows the phases of the diesel combustion process on the heat release rate 

diagram from the start of injection to the end of combustion. An ignition delay (a to b) is the 

period between the start of fuel injection (SOI) into the combustion chamber and start of 

combustion (SOC).  
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A premixed combustion phase (b to c). the heat release rate curve recovers from the 

negative zone due to the evaporation of the fuel which has mixed with air under combustible 

limits during the ignition delay period occurs rapidly in a short time. When the fuels which ready 

for burning are added to this burning mixture and burn in this phase, the high heat release rate 

characteristics of this phase result.  

A mixing controlled combustion (c to d). When the fuel and air that are premixed during 

the ignition delay have been consumed and released some of the energy, the heat release rate 

is controlled by the rate at which mixture becomes available for burning. While several processes 

are involved fuel atomization, vaporization, mixture formation, and chemical reaction in the spray. 

In this phase, the burning rate of diffusion flame is primarily controlled by the fuel and air mixing 

process.  

A late combustion phase (d to e). The heat release continues at a lower release rate. 

Because a small fraction of the fuel may have unburned, and a fraction of the fuel energy in soot 

and the combustion product can be still released. During this period, the cylinder charge mixing 

promotes more complete combustion and less dissociated gases. The kinetics of the final burnout 

processes become slower as the temperature of the cylinder gases fall during expansion. 

2.2  Emissions of diesel engine 
 The exhaust gases emitted from the diesel engine contain several constituents that are 

hazardous to the environment and human health. By the emissions from diesel engine consist of 

carbon monoxide (CO), hydrocarbon (HC), nitrogen Oxides (NOx), and particulate matters (PMs) as 

shown in Equation 2.1. Figure 2.3 shows the combustion phenomena in combustion chamber. 

𝐶𝑥𝐻𝑦 + 𝐴𝑖𝑟 → 𝑎𝐶𝑂2 + 𝑏𝐻2𝑂 + 𝑐𝐶𝑂 + 𝑑𝐶(𝑠) +𝑚𝐻𝐶(𝑙) + 𝑛𝑁𝑂𝑥    (2.1) 
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Figure 2.3 Diesel combustion flame zone [11] 

  Carbon monoxide (CO), hydrocarbon (HC), and aldehyde are emitted in the exhaust as 

the result of incomplete combustion. When engines operate in enclosed areas, such as 

underground mines, buildings under construction, tunnels, or warehouses, the emitted gasses can 

accumulate in the ambient atmosphere and cause headaches, dizziness, lethargy, eye irritation, 

and choking sensations. Hydrocarbons also have a negative environmental effect, being an 

important component of smog. 

Nitrogen oxides (NOx) are generated from nitrogen and oxygen under the high pressure 

and temperature condition in the cylinder. NOx consists mostly of nitric oxide (NO) and a small 

fraction of nitrogen dioxide (NO2). Nitrogen dioxide is quite hazardous to human health. NOx 

emissions are also a main environmental concern because of their role in the smog formation. 

Particulate matter (PM) is a complex aggregate of solid and liquid material. Its origin is 

carbonaceous particles generated during combustion. The primary carbon particles form larger 

agglomerates and combine with several other, both organic and inorganic, components of diesel 

exhaust. 
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2.3  Biodiesel production in Thailand 
Biodiesel, also known as B100, is a fuel produced from vegetable oils, animal fats, or waste 

cooking oil. By using alcohol-based chemical processing to convert into a substance ethyl ester 

(Ethyl ester) or methyl ester (Methyl ester) that has properties similar to diesel fuel. Biodiesel can 

be mixed with diesel to save on the import of crude oil or oil products. Hence, biodiesel 

production provides the country with a means of achieving a greater degree of security over its 

energy supplies. 

In Thailand, biodiesel is mostly produced from crude palm oil (CPO), although Thai 

manufacturers also use refined bleached and deodorized palm oil (RBDPO), palm stearin, and 

other vegetable oils (Figure 2.4). In 2020, Thailand has oil palm plantations are 5.9 million rai, 

yielding 16.2 million tons, which in turn produced 2.9 million tons of CPO, 1.4 million tons can 

be used as raw materials in the biodiesel industry, or 48% of all national production of CPO. The 

rest is used for household consumption. 

 

Figure 2.4 Biodiesel supply chain [12] 
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2.3.1  Biodiesel production process 

  

Figure 2.5 Biodiesel production diagram [13] 

Figure 2.5 shows the biodiesel production process diagram in Thailand. The palm oil 

purification process, or pretreatment unit, is the preparation process of the palm oil quality to be 

ready for the production. By adding phosphoric acid to degumming sticky rubber, then add 

bleaching powder to absorb impurities mixed in crude palm oil. And bleaching starch also serves 

to filter the sticky rubber from crude palm oil to separate fatty acid before it is refined. This 

process has got refined palm oil (RPO) and fatty acids from crude palm oil refining. 

The transesterification reaction is the use of refined palm oil (RPO), or refined palm stearin 

(RPS) for transesterification reaction with methanol. By filled excess methanol in order for the 

reaction to produce the most Methyl Ester, alkali was used as a catalyst to produce biodiesel and 

glycerin. The esterification reaction converts palm fatty acid distillate to biodiesel by reacting with 

methanol and using acid as a catalyst. Since the biodiesel products which obtained from this 

reaction cannot meet the specification of B100, hence, it has been fed into the transesterification 

unit once more. 

Methanol recovery is to increase the purity of the product. By washing the contaminants 

in crude biodiesel with water. The rinse water is evaporated before being fed into the excess 

Methanol tank and distilled to achieve a purity of methanol more than 99.5%. 
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2.4  Biodiesel in compression ignition engine 
S. H. Yoon et al. [14] investigated ultra-low sulfur diesel (ULSD) and biodiesel on 

combustion and emission characteristics of a compression ignition engine. They observed the 

ignition delay of biodiesel was slightly shorter than ULSD because of the higher cetane number 

and oxygen content. However, the combustion characteristics of ULSD and biodiesel have similar 

behaviors of pressure and heat release rate at various engine loads. The brake thermal efficiency 

and emissions of biodiesel was lower than ULSD. A. Tripatara et al. [15] investigate diesel and 

biodiesel fuels in Thailand on a single-cylinder diesel engine. They have observed the combustion 

characteristics of diesel and biodiesel have similar behaviors. The reduction of smoke intensity 

increased when the proportion of biodiesel increased in mixed fuels. 

 
Figure 2.6 The ignition delay of ultra-low sulfur diesel and biodiesel [14] 
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Figure 2.7 The smoke intensity of various mixed biodiesel fuels [15] 

2.5  Biodiesel blends with ethanol fuel 
 Another alternative resource which is manufactured from agricultural products such as 

sugarcane juice, cassava, and molasses is ethanol. Lapuerta M et al. [16] investigated the modeling 

viscosity of butanol and ethanol blending with biodiesel and diesel fuels. They have observed 

viscosity values of diesel and biodiesel blends decrease when alcohol content increases as shown 

in Figure 2.6. A low viscosity and density of blended fuel, Zhan C et al. [17] and Geng L et al. [18] 

was occurred by adding ethanol into biodiesel fuel. It leads to better atomization while injecting 

the fuel as shown in Figure 2.7 

เอกสารนี้เป็นเอกสารที่สงวนไว้สำหรับการใช้งานเพื่อการศึกษาเท่านั้น ไม่อนุญาตให้นำไปใช้ประโยชน์ด้านการค้า 

ไม่ว่ากรณีใดๆ ทั้งสิ้น อีกทั้งห้ามมิให้ดัดแปลงเนื้อหา และต้องอ้างอิงถึงเจ้าของเอกสารทุกครั้งที่มีการนำไปใช้ 



12 
 

 

Figure 2.8 Viscosity of butanol and ethanol blending with biodiesel and diesel fuels [16] 

 

Figure 2.9 Atomization while injecting the fuel [17] 

Fang Q et al. [19] and Sayin C et al. [20] have discovered the high oxygen content and the 

low cetane number of ethanol. There is an increase in the duration of the ignition delay of 

biodiesel-ethanol blended fuel as shown in Figure 2.8. The longer premixed duration and higher 
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oxygen content in the blended fuel result in more complete combustion and the start of the 

combustion process retarded nearly the optimum ignition setup point of the unmodified engine.  

 

Figure 2.10 Ignition delay of biodiesel-ethanol blended fuel [19] 

The most trouble of blending diesel fuels with ethanol is poor miscibility and stability of 

layer separation depending on blending temperature, duration, and ethanol percentage Jackson 

MM et al. [21]. Kwanchareon P. et al [22] and Chotwichien A et al. [23] investigated the stability 

of phase separation by adding palm methyl ester (PME) into diesel-ethanol blended fuel. The 

stability and miscibility of blended fuel could be better with increasing PME proportion as shown 

in Figure 2.9. Tongroon M et al. [24] have been studied the stability of ethanol in diesel- biodiesel-

ethanol blends in various ethanol percent at room temperature at (27-30 ℃) and at the lowest 

winter temperature of Thailand (5 ℃). The results showed that Thailand's commercial B20 fuel 

can mix up to 20% of ethanol without phase separation at both temperatures within three months 

as shown in Figure 2.10 by green zone is no phase separation and red zone is observed phase 

separation. 
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Figure 2.11 Phase behavior of (a) diesel-PME-ethanol (b) diesel-biodiesel-ethanol99.5%  
at room temperature [22,23] 

 

Figure 2.12 the stability of phase separation by adding palm methyl ester (PME) into diesel-
ethanol blended fuel. [24]  
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CHAPTER 3  
EXPERIMENTAL METHODOLOGY 

 

To investigate and observe the influence of fuels on a diesel engine and diesel vehicle. 

The fuels which used to investigate in this research consists of diesel (B10 and B20), pure biodiesel 

(B100), and biodiesel blended with ethanol (B100E5 and B100E10) fuel. The investigateion on a 

diesel engine based on the combustion characteristics, engine performances, and emissions. The 

operating conditions for engine test are performed on variable engine loads of 56, 84, 112, and 

140Nm at constant engine speed of 1000, 1500, and 2000rpm. For a diesel vehicle, it tests on the 

chassis dynamometer with a new European driving cycle to investigate the emitted emission in 

the urban and highway.   

3.1  Experimental samples 
This research divided the samples into 2 groups, such as biodiesel group and biodiesel 

blended with ethanol group, for a more efficient observation and investigation. 

3.1.1  Biodiesel group 

Biodiesel group consists of 3 samples.  

1. Diesel B10 (Diesel 90% and Biodiesel 10%) 

2. Diesel B20 (Diesel 80% and Biodiesel 20%) 

3. Biodiesel B100 (Biodiesel 100%) 

Diesel and biodiesel obtained from the commercial form. Diesel B10 and B20 contain 10% 

and 20% pure biodiesel or B100 mixed in diesel fuels respectively. Biodiesel B100 is conducted 

from based palm oil via the acid-esterification and transesterification with methanol process also 

known as palm methyl ester (PME). 
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Figure 3.1 Samples of Ethanol, Diesel B10, B20 and Biodiesel B100 

3.1.2  Biodiesel blended with ethanol group 
Biodiesel blended with ethanol group consist of 3 samples. 

1. Biodiesel B100 (Biodiesel 100%) 

2. Biodiesel-ethanol B100E5 (Biodiesel 95% and Ethanol 5%) 

3. Biodiesel-ethanol B100E10 (Biodiesel 90% and Ethanol 10%) 

All biodiesels are pure biodiesel B100. Ethanol was conducted from sugarcane juice, 

cassava, and molasses with a purity of 99.5%. Biodiesel blended with ethanol (B100E5 and 

B100E10) contain approximately 5% and 10% ethanol by weight mixed in pure biodiesel. Blending 

between biodiesel and ethanol by stirring under surrounding temperature to be the 

homogeneous mixture [22]. 

 

Figure 3.2 Samples of Biodiesel B100, B100E5 and B100E10 
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Table 3.1 Fuel’s properties 

Fuel Properties Standard B10 B20 B100   Ethanol 

Carbon (% mass) ASTM D 5291 84.66 82.61 76.73 52.2 

Hydrogen (% mass) ASTM D 5291 13.56 13.45 12.45 13.0 

Oxygen (% mass) ASTM D 5291 1.79 3.94 10.82 34.8 

Calorific value (MJ/kg) ASTM D 240 45.63 44.95 39.94 28.05 

Viscosity @ 40°C (mm2/s) ASTM D 445 3.0 3.1 4.5 1.2 

Density @ 15°C (kg/m3) ASTM D 1298 835 827 875.3 792.0 

Distillation (°C) ASTM D 86-11b     

T10  180 177.4 336.2 77.8 

T90  344.2 348.4 352.3 80 
 

3.2  Diesel engine test  
Diesel engine test is the process of comparing engine performance such as thermal 

efficiency, specific fuel consumption, specific energy consumption, and combustion characteristics 

such as heat release rate by using an unmodified direct injection diesel engine. As well as an 

analysis of the emission at variable engine loads of 56, 84, 112, and 140 Nm and at constant 

engine speed of 1000, 1500, and 2000 rpm. 

3.2.1  Engine specification 

An engine specification of direct injection diesel engine which used in this research is 

shown in Table 3.2 and Figure 3.3. 
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Table 3.2 Engine’s specification 

Items Details 
Engine Model Isuzu 4JJ1-TC 
Engine Type Diesel 
Injection Type Direct Injection 
Displacement Volume 2,999 cc 
Compression Ratio 18.3: 1 
Bore x Stroke 95.4 mm x 104.9 mm 
Related Power 52 kW @2000rpm 

 

 

Figure 3.3 Direct injection diesel engine (Isuzu 4JJ-TC) 

3.2.2  Eddy current dynamometer’s specification 

Eddy current dynamometer, Tokyo Plant ED-150-LC, was coupled with the engine and 

applied the loads through the flywheel of the engine while also measuring torque and power. A 
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cooling system of the eddy current dynamometer used the external water cooling. The 

specification of the eddy current dynamometer is shown in Table 3.3 and Figure 3.4. 

Table 3.3 Eddy current dynamometer’s specification 

Items Details 
Model Tokyo Plant ED-150-LC 
Maximum Brake Horsepower 150 PS / 3000rpm 
Maximum Brake Torque 35.81 kgm 
Maximum Speed 3000rpm 

 

  

Figure 3.4 Eddy current dynamometer (Tokyo Plant ED-150-LC) 

3.3  Diesel vehicle test 
To evaluate the emitted emissions of the sample fuels on a commercial diesel vehicle 

during driving in urban and highways. The diesel vehicle test is tested on the chassis dynamometer 

at the Pollution control department. The specification of a diesel vehicle is shown in Table 3.4 

and Figure 3.5. The driving cycle is based on the New European Driving Cycle. It covers urban 

driving (Phase 1) with a maximum speed of 50 km/h and highway driving (Phase 2) with a maximum 

speed of 120 km/h, as shown in Figure 3.6.  

 

เอกสารนี้เป็นเอกสารที่สงวนไว้สำหรับการใช้งานเพื่อการศึกษาเท่านั้น ไม่อนุญาตให้นำไปใช้ประโยชน์ด้านการค้า 

ไม่ว่ากรณีใดๆ ทั้งสิ้น อีกทั้งห้ามมิให้ดัดแปลงเนื้อหา และต้องอ้างอิงถึงเจ้าของเอกสารทุกครั้งที่มีการนำไปใช้ 



20 
 

Table 3.4 Vehicle’s specification 

Items Details 
Vehicle Toyota Hilux Tiger 

Engine type 
Diesel, 4 Cylinder, In-line 
2KD-FTV 

Injection type Direct Injection 
Displacement volume 2,500 cc 
Compression ratio 18.5: 1 
Bore x Stroke 92.0 mm x 93.8 mm 
Maximum Power 75 kW @3600 rpm 
Maximum Torque 260 N.m. @1600-2400 rpm 
Vehicle Mass 1590 kg 

 

    

Figure 3.5 Diesel Vehicle 

 
 

 

 

 

เอกสารนี้เป็นเอกสารที่สงวนไว้สำหรับการใช้งานเพื่อการศึกษาเท่านั้น ไม่อนุญาตให้นำไปใช้ประโยชน์ด้านการค้า 

ไม่ว่ากรณีใดๆ ทั้งสิ้น อีกทั้งห้ามมิให้ดัดแปลงเนื้อหา และต้องอ้างอิงถึงเจ้าของเอกสารทุกครั้งที่มีการนำไปใช้ 



21 
 

Table 3.5 New European Driving Cycle 

Characteristics Urban Driving (UD) Highway Driving (HD) 

Distance (km) 4 7 

Duration (s) 780 400 

Maximum Speed (km/h) 50 120 

 

 

Figure 3.6 European urban and highway driving cycle 

Urban Driving 

Highway Driving 
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Figure 3.7 Diesel vehicle test on chassis dynamometer 
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3.4  Data collection system 

3.4.1  Pressure and Crank angle 

To observe the phenomenon occurring in the tested engine, the pressure in the 

combustion chamber is measured by a piezoelectric crystal sensor “Kistler 6052C31” which can 

measure up to 250 bar with high sensitivity ±0.7% mounted at the cylinder head as shown in 

Figure 3.8. To trace the actual time of crank angle position and calculate the combustion 

chamber volume, the optical crankshaft encoder “CA-RIE-360”, a customized disc with 720 slits, 

is mounted between the sensors gate at the end of dynamometer shaft. The resolution of the 

encoder sensor is 0.5 degrees. The function is based on the transmission light principle. The 

infrared beam is emitted and received at the sensor as shown in Figure 3.9. 

   

Figure 3.8 Pressure sensor 

เอกสารนี้เป็นเอกสารที่สงวนไว้สำหรับการใช้งานเพื่อการศึกษาเท่านั้น ไม่อนุญาตให้นำไปใช้ประโยชน์ด้านการค้า 

ไม่ว่ากรณีใดๆ ทั้งสิ้น อีกทั้งห้ามมิให้ดัดแปลงเนื้อหา และต้องอ้างอิงถึงเจ้าของเอกสารทุกครั้งที่มีการนำไปใช้ 



24 
 

   

Figure 3.9 Crank encoder 

3.4.2  Emissions collecting of diesel engine test 

The exhaust emission quantity was measured by a smoke intensity meter, which optically 

evaluates soot collected on smoke paper filters by the light reflection method.  The smoke meter 

is applied to measure the concentration of particulate matter in exhaust gas before and after 

trapping on the particulate filter. The 0% intensity means no particulate on the filter, while 100% 

intensity means the particulate covered all of the areas. Figure 3.10 shows the smoke intensity 

meter “Okuda DSM – 240” and filter paper. Moreover, the other gases emitted from the engine 

such as carbon dioxide (CO2), and nitrogen oxide (NO) were measured by AVL exhaust gas analyzer 

“DITEST GAS 1000” as shown in Figure 3.11. 

(a)      (b)   

Figure 3.10 (a)Smoke intensity meter and (b)filter paper 

เอกสารนี้เป็นเอกสารที่สงวนไว้สำหรับการใช้งานเพื่อการศึกษาเท่านั้น ไม่อนุญาตให้นำไปใช้ประโยชน์ด้านการค้า 

ไม่ว่ากรณีใดๆ ทั้งสิ้น อีกทั้งห้ามมิให้ดัดแปลงเนื้อหา และต้องอ้างอิงถึงเจ้าของเอกสารทุกครั้งที่มีการนำไปใช้ 



25 
 

 

Figure 3.11 AVL gas analyzer [25] 

3.4.3  Emission collecting of diesel vehicle test 

Emitted emissions are measured by the dilute exhaust gas analyzer by “AVL CVS i60” in 

the AVL bag cabinet. All exhaust is diluted via dilution tunnel and feed into the CVS system. To 

prevent the physical and chemical changes in PMs, the dilution ratio, temperature, and moisture 

content of the CVS system are kept constant. Particulate matters mass is measured by weighing 

the filter paper be and after collected the soot. Particulate matter number is measured by AVL 

particle counting machine. 

3.4.4  Data acquisition system 

To monitor and collect the combustion characteristics in the combustion chamber, the 

data from the pressure sensor and crank angle sensor are stored by a DEWESOFT DAQ system as 

shown in Figure 3.12. DewesoftX software, shown in Figure 3.13, is used to calculate various 

parameters in real-time data such as pressure-crank angle diagrams and pressure-volume 

diagrams. The collecting data from the DAQ system is collected with a total of 1000 cycles when 

the engine running condition was stable at every set engine condition. 
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Figure 3.12 Dewesoft DAQ system 

 

Figure 3.13 DewesoftX software monitor 
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3.5  Schematic diagram 

 

Figure 3.14 Schematic diagrams of engine dyno testing 
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Figure 3.15 Schematic diagrams of chassis dyno testing 

3.6  Calculation method 
The parameters from the combustion data were used to calculate and investigated the 

quantitative combustion information according to J.B Heywood [10]. The calculations are divided 

into 2 types of the combustion characteristics which are used to explain the compression and 

expansion pressure versus crank angle in the combustion chamber such as cumulative heat 

release and heat release rate, and the engine performance which is used to explain the 

performance of the fuels as fuel consumption, energy consumption, and thermal efficiency. 

3.6.1  Combustion characteristic 

Cumulative Heat Release 

Cumulative heat release (CHR) is an important parameter to characterize the efficiency of 

the combustion process. The cumulative heat release in combustion cylinder is determined by 

the following equation. 
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Cumulative Heat Release (CHR) = [
k

k-1
] ∙PdV+ [

1

k-1
] ∙VdP    (3.1) 

Heat Release Rate 

Heat release rate (HRR) represents the effects of the fuel injection system, premixed mode, 

and late combustion. The heat release rate is obtained from the first law of thermodynamics. It 

is calculated by the following equation. 

Heat Release Rate (HRR) = [
k

k-1
] ∙

PdV

dθ
+ [

1

k-1
] ∙

VdP

dθ
     (3.2) 

3.6.2  Engine performance 

The engine performance is described by specific fuel consumption, specific energy 

consumption, and thermal efficiency in indicated values and brake values which are determined 

by the following equations. 

Specific Fuel Consumption 

The rate of fuel consumption to the power produced by an engine, measured in kg/kWh, 

is referred to as ISFC and BSFC. 

Indicated Specific Fuel Consumption (BSFC) =
Fuel Consumption Rate

Indicated Power
= 

mḟ

PdV
  (3.3) 

Brake Specific Fuel Consumption (BSFC) =
Fuel Consumption Rate

Brake Power
= 

mḟ

4πτ ∙ 
N
60

 ∙ 
1
2

   (3.4) 

Specific Energy Consumption 

The rate of energy consumption to the power produced by an engine, measured in 

kJ/kWh, is referred to as ISEC and BSEC. 

Indicated Specific Energy Consumption (ISEC) = ISFC ∙ LHV    (3.5) 

Brake Specific Energy Consumption (BSEC) = BSFC ∙ LHV    (3.6) 
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Thermal Efficiency 

Thermal efficiency is amount of power output from heat energy given to a system. 

Indicated Thermal Efficiency (ITE) =
Indicated Power

Energy Input
 = 

PdV ∙ 
N
60

 ∙ 
1
2

mḟ ∙ QLHV
    (3.7) 

Brake Thermal Efficiency (BTE) =
Brake Power

Energy Input
 = 

4πτ ∙ 
N
60

 ∙ 
1
2

mḟ ∙ QLHV
    (3.8) 

Where P is pressure in a cylinder (bar), V is volumetric (m3), N is engine speed (rev/min), 

mḟ  is mass fuel consumption rate (g/s), LHV is low heating value (kJ), QLHV is Energy input (kJ/kg), 

k is specific heat ratio, and θ is angular displacement in a cylinder or Crank angle (deg). 
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CHAPTER 4  
RESULTS AND DISCUSSIONS 

 

4.1  Diesel engine test 

4.1.1  Combustion characteristic 

The combustion characteristics investigate the combustion profile of the samples such as 

the combustion pressure data plot with respect to the volumetric and crank angle, cumulative 

heat release, and heat release rate. 

Combustion pressure 

The combustion pressure plot with respect to the volumetric diagrams in Figures 4.1 to 

4.12 and combustion pressure versus crank angle diagrams in Figures 4.13 to 4.24. When 

comparing the different fuels in the same condition. the combustion pressure is not significantly 

different when increasing the biodiesel proportion. While it is obviously increased with increasing 

the ethanol ratio in the fuels. For increasing the ethanol ratio from around 5% to 10% is not 

significantly different from the blended ethanol fuel. Because ethanol has better atomization, 

shorter evaporation duration, and higher compressibility. They indicate a higher rate of 

vaporization and better combustion mixture formation resulting in higher combustion pressure. 

When comparing the increasing engine loads with the constant engine speed, the 

combustion pressure increases because a higher engine load will be higher injected fuel to burn 

and achieve more power. Concerning increasing engine speed, the fuels will have higher 

evaporation. As a result, the combustion pressure during the compression stroke slightly increases. 

The constant engine load requires almost the same amount of the load output, which results in 

the maximum combustion pressure is not significantly different. 

The ignition delay period is more prolonged with the percent of ethanol increase because 

of higher auto ignition temperature, higher heat of vaporization and lower cetane number of 

ethanol [26]. The experiment results, B100 has a slightly shorter ignition delay than diesel B10 
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and B20. The ignition delay of B100E5 and B100E10 is longer than B100. For the ignition delay 

peroid is longer, there is increased the accumulate premixed fuel and the mixing time of air and 

fuel, resulting in more fuel combusted in the premixed combustion phase. As a result, ethanol 

blended fuels provide higher combustion pressure.  

Combustion duration is the period between start to the end of combustion as shown in 

Figure 4.25. The combustion duration is longer with the engine load and engine speed increases. 

While, it is shorter with increasing the biodiesel and ethnol blend into the fuel. Because higher 

oxidation rate from higher oxygen concentration in the fuels [27]. As a result, biodiesel blended 

with ethanol fuel is a shorter combustion duration than biodiesel and diesel fuel [28]. 

 

Figure 4.1 Pressure – Volume diagram at engine load 56Nm and engine speed 1000RPM 
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Figure 4.2 Pressure – Volume diagram at engine load 84Nm and engine speed 1000RPM 

 

Figure 4.3 Pressure – Volume diagram at engine load 112Nm and engine speed 1000RPM 
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Figure 4.4 Pressure – Volume diagram at engine load 140Nm and engine speed 1000RPM 

 

 

 

Figure 4.5 Pressure – Volume diagram at engine load 56Nm and engine speed 1500RPM 
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Figure 4.6 Pressure – Volume diagram at engine load 84Nm and engine speed 1500RPM 

 

 

Figure 4.7 Pressure – Volume diagram at engine load 112Nm and engine speed 1500RPM 
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Figure 4.8 Pressure – Volume diagram at engine load 140Nm and engine speed 1500RPM 

 

 

Figure 4.9 Pressure – Volume diagram at engine load 56Nm and engine speed 2000RPM 

 

0

10

20

30

40

50

60

70

80

90

100

0 0.0001 0.0002 0.0003 0.0004 0.0005 0.0006 0.0007 0.0008

Pr
es

su
re

 (b
ar

)

Volume (m3)

B10_140Nm B20_140Nm B100_140Nm B100E5_140Nm B100E10_140Nm

0

10

20

30

40

50

60

70

80

90

100

0 0.0001 0.0002 0.0003 0.0004 0.0005 0.0006 0.0007 0.0008

Pr
es

su
re

 (b
ar

)

Volume (m3)

B10_56Nm B20_56Nm B100_56Nm B100E5_56Nm B100E10_56Nm

เอกสารนี้เป็นเอกสารที่สงวนไว้สำหรับการใช้งานเพื่อการศึกษาเท่านั้น ไม่อนุญาตให้นำไปใช้ประโยชน์ด้านการค้า 

ไม่ว่ากรณีใดๆ ทั้งสิ้น อีกทั้งห้ามมิให้ดัดแปลงเนื้อหา และต้องอ้างอิงถึงเจ้าของเอกสารทุกครั้งที่มีการนำไปใช้ 



37 
 

 

Figure 4.10 Pressure – Volume diagram at engine load 84Nm and engine speed 2000RPM 

 

 

Figure 4.11 Pressure – Volume diagram at engine load 112Nm and engine speed 2000RPM 
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Figure 4.12 Pressure – Volume diagram at engine load 140Nm and engine speed 2000RPM 

 

 

Figure 4.13 Pressure – Crank angle diagram at engine load 56Nm and engine speed 1000RPM 
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Figure 4.14 Pressure – Crank angle diagram at engine load 84Nm and engine speed 1000RPM 

 

 

Figure 4.15 Pressure – Crank angle diagram at engine load 112Nm and engine speed 1000RPM 
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Figure 4.16 Pressure – Crank angle diagram at engine load 140Nm and engine speed 1000RPM 

 

 

Figure 4.17 Pressure – Crank angle diagram at engine load 56Nm and engine speed 1500RPM 
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Figure 4.18 Pressure – Crank angle diagram at engine load 84Nm and engine speed 1500RPM 

 

 

Figure 4.19 Pressure – Crank angle diagram at engine load 112Nm and engine speed 1500RPM 
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Figure 4.20 Pressure – Crank angle diagram at engine load 140Nm and engine speed 1500RPM 

 

 

Figure 4.21 Pressure – Crank angle diagram at engine load 56Nm and engine speed 2000RPM 

 

20

30

40

50

60

70

80

90

100

-30 -25 -20 -15 -10 -5 0 5 10 15 20 25 30

Pr
es

su
re

 (b
ar

)

Crank Angle (deg)

B10_140Nm B20_140Nm B100_140Nm B100E5_140Nm B100E10_140Nm

20

30

40

50

60

70

80

90

100

-30 -25 -20 -15 -10 -5 0 5 10 15 20 25 30

Pr
es

su
re

 (b
ar

)

Crank Angle (deg)

B10_56Nm B20_56Nm B100_56Nm B100E5_56Nm B100E10_56Nm

เอกสารนี้เป็นเอกสารที่สงวนไว้สำหรับการใช้งานเพื่อการศึกษาเท่านั้น ไม่อนุญาตให้นำไปใช้ประโยชน์ด้านการค้า 

ไม่ว่ากรณีใดๆ ทั้งสิ้น อีกทั้งห้ามมิให้ดัดแปลงเนื้อหา และต้องอ้างอิงถึงเจ้าของเอกสารทุกครั้งที่มีการนำไปใช้ 



43 
 

 

Figure 4.22 Pressure – Crank angle diagram at engine load 84Nm and engine speed 2000RPM 

 

 

Figure 4.23 Pressure – Crank angle diagram at engine load 112Nm and engine speed 2000RPM 
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Figure 4.24 Pressure – Crank angle diagram at engine load 140Nm and engine speed 2000RPM 
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fuel injected. With regard to the higher engine speeds and a constant engine load, the total heat 

loss is lower than at a lower engine speed. So, the cumulative heat release is increased with 

increasing the engine speed.  

 

 

Figure 4.26 Cumulative heat release diagram at engine load 56Nm and engine speed 1000RPM 

 

Figure 4.27 Cumulative heat release diagram at engine load 84Nm and engine speed 1000RPM 
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Figure 4.28 Cumulative heat release diagram at engine load 112Nm and engine speed 1000RPM 

 

 

Figure 4.29 Cumulative heat release diagram at engine load 140Nm and engine speed 1000RPM 
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Figure 4.30 Cumulative heat release diagram at engine load 56Nm and engine speed 1500RPM 

 

 

Figure 4.31 Cumulative heat release diagram at engine load 84Nm and engine speed 1500RPM 
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Figure 4.32 Cumulative heat release diagram at engine load 112Nm and engine speed 1500RPM 

 

 

Figure 4.33 Cumulative heat release diagram at engine load 140Nm and engine speed 1500RPM 
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Figure 4.34 Cumulative heat release diagram at engine load 56Nm and engine speed 2000RPM 

 

 

Figure 4.35 Cumulative heat release diagram at engine load 84Nm and engine speed 2000RPM 
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Figure 4.36 Cumulative heat release diagram at engine load 112Nm and engine speed 2000RPM 

 

Figure 4.37 Cumulative heat release diagram at engine load 140Nm and engine speed 2000RPM 
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accumulate premixed fuel. So, When the combustion starts, the heat release rate is lower. While 

a higher ethanol concentration, the ignition delay period is longer. It means a higher accumulation 

of premixed fuel. The better homogeneous mixture and higher accumulation of premixed fuel, 

resulting in a higher heat release rate. And also, higher under the mixing-controlled combustion 

phase [29]. This is because the excess oxygen content left over during the premixed combustion 

phase burns in the diffusion combustion phase [30]. When compared with the engine load 

increases and a constant engine speed, the heat release rate is also increased with more fuel 

injected. With regard to the higher engine speeds and a constant engine load, It affect to the 

longer ignition delay period as shown in the heat release diagram. 

 

Figure 4.38 Heat release rate diagram at engine load 56Nm and engine speed 1000RPM 
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Figure 4.39 Heat release rate diagram at engine load 84Nm and engine speed 1000RPM 

 

Figure 4.40 Heat release rate diagram at engine load 112Nm and engine speed 1000RPM 
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Figure 4.41 Heat release rate diagram at engine load 140Nm and engine speed 1000RPM 

 

 

Figure 4.42 Heat release rate diagram at engine load 56Nm and engine speed 1500RPM 
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Figure 4.43 Heat release rate diagram at engine load 84Nm and engine speed 1500RPM 

 

 

Figure 4.44 Heat release rate diagram at engine load 112Nm and engine speed 1500RPM 
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Figure 4.45 Heat release rate diagram at engine load 140Nm and engine speed 1500RPM 

 

Figure 4.46 Heat release rate at engine load 56Nm and engine speed 2000RPM 
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Figure 4.47 Heat release rate at engine load 84Nm and engine speed 2000RPM 

 

 

Figure 4.48 Heat release rate diagram at engine load 112Nm and engine speed 2000RPM 
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Figure 4.49 Heat release rate diagram at engine load 140Nm and engine speed 2000RPM 

4.1.2  Engine performance 
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Also, with a lower calorific value when increasing the biodiesel and ethanol blend into the fuel. 

The fuel consumption rate increases around 15% for B100 and 18% for blended ethanol fuel 

compared to diesel fuel, as shown in Figure 4.52.  

 

-20

0

20

40

60

80

100

120

140

-30 -25 -20 -15 -10 -5 0 5 10 15 20 25 30

He
at

 R
el

ea
se

 R
at

e 
(J/

de
g)

Crank angle (deg)

B10_140Nm B20_140Nm B100_140Nm B100E5_140Nm B100E10_140Nm

เอกสารนี้เป็นเอกสารที่สงวนไว้สำหรับการใช้งานเพื่อการศึกษาเท่านั้น ไม่อนุญาตให้นำไปใช้ประโยชน์ด้านการค้า 

ไม่ว่ากรณีใดๆ ทั้งสิ้น อีกทั้งห้ามมิให้ดัดแปลงเนื้อหา และต้องอ้างอิงถึงเจ้าของเอกสารทุกครั้งที่มีการนำไปใช้ 



58 
 

 

Figure 4.50 Calorific values of the samples 

 

Figure 4.51 Heat energy input rate 
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Figure 4.52 Fuel consumption rate 
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of ethanol-blended fuel generates higher indicated power. This characteristic could be clearly 

seen in the higher engine speed and engine load conditions. So, ISFC is increased by around 18% 

for B100 and 12% for blended ethanol fuel compared to diesel fuel. BSFC of blending ethanol is 

increased by around 18% for diesel fuel and 2% for B100. 

 

Figure 4.53 Indicated specific fuel consumption 

 

Figure 4.54 Brake specific fuel consumption 
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Figure 4.55 Indicated specific energy consumption 

 

Figure 4.56 Brake specific energy consumption 

11
,42

9

10
,62

8

10
,51

7

9,7
84 10

,67
5

10
,20

2

9,6
12

8,6
57

12
,01

9

10
,76

3

9,1
29

8,1
29

10
,92

5

10
,18

2

9,8
53

9,1
50

10
,98

8

10
,24

7

9,3
58

8,4
91

12
,34

3

10
,30

4

9,0
30

8,1
25

11
,30

2

10
,76

3

10
,47

6

9,9
45

11
,90

8

10
,10

3

9,6
59

8,7
80

12
,37

8

11
,05

7

9,7
85

8,3
33

12
,96

3

10
,60

3

10
,24

6

9,3
19

11
,39

0

9,5
37

8,7
34

7,8
84

11
,06

7

9,0
42

7,8
24

7,1
32

12
,14

4

11
,34

7

10
,26

9

9,1
07

10
,88

6

9,4
06

8,6
38

7,6
57

11
,42

5

8,4
84

7,7
19

7,1
48

0

2000

4000

6000

8000

10000

12000

14000

16000

56 Nm 84 Nm 112 Nm 140 Nm 56 Nm 84 Nm 112 Nm 140 Nm 56 Nm 84 Nm 112 Nm 140 Nm

1000 RPM 1500 RPM 2000 RPM

ISE
C 

(k
J/

kW
h)

Load and Engine Speed

B10 B20 B100 B100E5 B100E10

12
,70

0

11
,11

3

11
,11

3

10
,58

3

11
,46

5

10
,46

6

9,7
90

9,5
96

12
,96

5

11
,28

9

10
,31

9

9,6
31

11
,97

9

10
,76

4

10
,28

6

10
,00

0 11
,63

2

10
,64

8

9,6
35

9,5
14

12
,76

0

10
,85

0

10
,09

1

9,5
83

11
,94

2

11
,02

3

10
,56

4

10
,38

0 12
,09

5

10
,71

7

9,7
22

9,9
82

12
,86

1

11
,78

9

10
,56

4

9,5
08

13
15

3

11
37

9

10
79

7

10
54

9 11
95

6

10
59

2

97
81

96
28

12
21

1

10
60

7

10
08

3

95
58

12
,82

1

11
,37

4

10
,80

9

10
,31

4 11
,62

4

10
,41

6

9,6
42

9,2
94

12
,55

2

10
,73

2

10
,01

1

9,5
85

0

2000

4000

6000

8000

10000

12000

14000

16000

18000

56 Nm 84 Nm 112 Nm 140 Nm 56 Nm 84 Nm 112 Nm 140 Nm 56 Nm 84 Nm 112 Nm 140 Nm

1000 RPM 1500 RPM 2000 RPM

BS
EC

 (k
J/

kW
h)

Load and Engine Speed

B10 B20 B100 B100E5 B100E10

เอกสารนี้เป็นเอกสารที่สงวนไว้สำหรับการใช้งานเพื่อการศึกษาเท่านั้น ไม่อนุญาตให้นำไปใช้ประโยชน์ด้านการค้า 

ไม่ว่ากรณีใดๆ ทั้งสิ้น อีกทั้งห้ามมิให้ดัดแปลงเนื้อหา และต้องอ้างอิงถึงเจ้าของเอกสารทุกครั้งที่มีการนำไปใช้ 



62 
 

 

Figure 4.57 Indicated thermal efficiency 

 

Figure 4.58 Brake thermal efficiency 
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ethanol can improve the better combustion from a higher oxygen concentration, better 

atomization, longer ignition delay, and more homogeneous mixture to be promoted in more 

complete combustion. As results in lower specific energy consumption and higher indicated 

thermal efficiency of ethanol-blended fuel. The ITE is higher than BTE by around 5% to 7% in 

diesel and biodiesel fuels. Especially, in the case of blended ethanol fuel because the ethanol 

has a lower lubricity resulting in higher friction loss. Also, higher with the engine speed increase, 

the friction loss will be higher resulting in a higher difference between ITE and BTE [31,32]. So, ITE 

is increased with blending ethanol by around 5% to 8% compared to diesel and biodiesel fuel. 

While BTE is not significantly different in each test condition.  

4.1.3  Emissions 

The fuel-air equivalent ratio is estimated back from the exhaust emissions as shown in 

Figure 4.59. The equivalent ratio decreases with increasing the ethanol proportion in biodiesel 

blended with ethanol fuels because of higher oxygen concentration of the blended fuel. It also 

decrease with the higher power because the exhaust pressure is higher from higher engine 

revolutions as higher boost pressure of the turbocharger, resulting in the volume of air intake 

being more sucked during the intake stroke. Hence, the equivalent ratio at engine speed of 1000 

rpm is higher than equivalent ratio at 1500 and 2000 rpm, as shown in Figure 4.60. 

Figure 4.61 shows the exceed oxygen. The exceed oxygen emission is related with the 

oxygen concentration in the fuels and the combustion chamber. The lower exceed oxygen 

emission occurred at engine speed of 1000 rpm with engine load 112 and 140 Nm of diesel fuel. 

Because higher fuel was injected to reach higher torque of 112 and 140 Nm, resulting in higher 

consumption of oxygen for the combustion as show the lower exceed oxygen emission on these 

conditions. 

Figure 4.63 describes the smoke intensity. The highest smoke intensity occurred at engine 

speed of 1000 rpm and engine load of 112 and 140 Nm for diesel fuels (B10 and B20). At engine 

speed 1000 rpm has a higher fuel-air equivalent ratio, which means this engine speed has rich 

combustion than the others. The rich combustion leads to incomplete combustion, resulting in 

higher smoke intensity. However, Biodiesel and Biodiesel blended with ethanol fuels have a lower 
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smoke intensity because ethanol properties promoted to more complete combustion [33,34,35]. 

The smoke intensity is reduced by increasing biodiesel concentration to around 20% for B20 and 

70% for B100 compared to B10. After blending ethanol could more reduce the smoke intensity 

by around 90% for diesel fuels and 70% for B100. 

The exhaust temperature, measured by a thermocouple at the exhaust pipe, is higher with 

engine speeds and loads increase, as shown in Figure 4.65. Because a higher combustion pressure 

from more fuels at higher load leads to higher combustion temperature. Moreover, the higher 

engine load and speed have faster operating combustion, it is less time for heat loss to the cooling 

system and heat radiation. The exhaust temperature of biodiesel blended with ethanol fuels is 

lower than diesel and biodiesel fuels because of higher exceed oxygen emission. The higher 

temperatures of diesel and biodiesel fuels are the result of the heat from the chemical reaction 

between carbon and oxygen emitted during the carbon monoxide (CO) and carbon dioxide (CO2) 

formation processes. So, the amount of CO and CO2 emissions represent in Figures 4.66 and 4.68 

in percent volume units.  

The carbon monoxide (CO) emission is generated from the incomplete combustion. CO 

emission is higher at engine speed of 1000 rpm and engine load of 112 and 140 Nm. Because at 

these conditions have a higher injected fuel and lower oxygen resulted in the incomplete 

combustion. CO emission is decreased by blending ethanol fuel around 50% for diesel fuel and 

25% for pure biodiesel. 

The carbon dioxide (CO2) emission decreases with the lower carbon content and higher 

oxygen content in the fuel. With same amount of power, Carbon dioxide (CO2) also decreased 

with increasing the power, as shown in Figure 4.69. So, Carbon dioxide (CO2) emission is decreased 

by blending ethanol fuel by around 10% to 12% for diesel and biodiesel fuel, respectively. 

The most concerning of diesel engine emission is NOx emissions. The impact on NOx 

emission comes from oxygen concentration, fuel-air equivalent ratio, and combustion 

temperature [36]. NOx emissions are increased with increasing the engine load. It is also higher 

when blended ethanol into the fuels because oxygen enrichment in the combustion chamber is 

favorable to nitrogen oxide formation, as shown in Figure 4.70. At condition of engine speed of 
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1000 rpm and 140 Nm is a quite high NOx emission. Because the lower energy content of biodiesel 

blended with ethanol fuels makes the recirculation emission or EGR system not open fully for 

increasing the required power. So, NOx emission increases with a higher ethanol concentration by 

around 60% for diesel fuel and 70% for pure biodiesel fuel. 

 

Figure 4.59 Fuel-Air equivalent ratio 

 

Figure 4.60 Normalized Fuel-Air equivalent ratio 
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Figure 4.61 Exeed oxygen emission 

 

Figure 4.62 Normalized exceed oxygen emission 
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Figure 4.63 Smoke intensity 

 

Figure 4.64 Normalized smoke intensity 
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Figure 4.65 Exhaust temperature 

 

Figure 4.66 Carbon monoxide emission 
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Figure 4.67 Normalized carbon monoxide emission 

 

Figure 4.68 Carbon dioxide emission 
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Figure 4.69 Normalized carbon dioxide emission 

 

Figure 4.70 NOx emission 
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Figure 4.71 Normalized NOx emission 

 

4.1.4  Morphology of particulate matters 

The soot filter papers are collected at the highest smoke intensity condition. The soot 

filter papers are captured by an optical microscope (OM) as shown in Figure 4.72. The analyses 

of agglomerate particle size are performed based on the 10k magnification scanning electron 

microscope (SEM) images of soot filter paper, as shown in Figure 4.73. By chosen and measured 

a hundred agglomerate particles by using the ImageJ tool. Most of the distribution of particle size 

is found around 0.05 to 0.20µm, as shown in Figure 4.74. Moreover, the average particle size of 

B10, B20, B100, B100E5, and B100E10 is 0.22 µm, 0.21 µm, 0.17µm, 0.14µm, and 0.13µm 

respectively, as in Figure 4.75. The morphology of particulate matters could be observed 

obviously from OM and SEM images. The amount of PMs reduces with the increasing biodiesel 

and ethanol ratio in the blended fuels. Agglomerate particle sizes could be reduced around 30% 

to 40% for diesel fuel and 20% for B100 by blending ethanol. Therefore, using high oxygenated 

biofuels, as biodiesel and biodiesel blended with ethanol fuels, in compression ignition engines 

substantiates that is the alternative solution to reduce particulate matter emissions. 

11 5 4 11 9 7 12

29

7 7 14

28

10 6 8

36

8 11

24

41

6 5

20

30

11 5 3

18

7 6 13

35

7 6

13

30

9 7

16

16
1

8 11

25

45

8 14

26

33

11 11

22

15
5

10 14

25

46

10 16

24

33

0

50

100

150

200

56 Nm 84 Nm 112 Nm 140 Nm 56 Nm 84 Nm 112 Nm 140 Nm 56 Nm 84 Nm 112 Nm 140 Nm

1000 RPM 1500 RPM 2000 RPMNo
rm

al
ize

d 
NO

x 
em

iss
io

n 
(p

pm
/k

W
)

Load and Engine Speed

B10 B20 B100 B100E5 B100E10

เอกสารนี้เป็นเอกสารที่สงวนไว้สำหรับการใช้งานเพื่อการศึกษาเท่านั้น ไม่อนุญาตให้นำไปใช้ประโยชน์ด้านการค้า 

ไม่ว่ากรณีใดๆ ทั้งสิ้น อีกทั้งห้ามมิให้ดัดแปลงเนื้อหา และต้องอ้างอิงถึงเจ้าของเอกสารทุกครั้งที่มีการนำไปใช้ 



72 
 

     

     

 

Figure 4.72 Optical microscope images of B10, B20, B100, B100E5, and B100E10 
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Figure 4.73 Scanning electrical microscope images of B10, B20, B100, B100E5, and B100E10 
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Figure 4.74 Agglomerate particle size distribution of B10, B20, B100, B100E5 and B100E10 

 

Figure 4.75 Average particle size of B10, B20, B100, B100E5 and B100E10 

4.2  Diesel vehicle test 
Realtime measurement of particulate number (PN) and emitted emission shows in Figure 

4.76 to 4.80. PN and emitted emissions are related to acceleration and deceleration patterns. 

They are higher when pushing the acceleration until a steady paddle and lower when the 

deceleration period. The amount of particulate matter of biodiesel and biodiesel blended with 

ethanol fuel is lower than diesel fuels throughout the test cycle in the case of with and without 

the DOC system. It decreases by around 40% in urban driving and highway driving cycle. 
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Figures 4.81 and 4.82 show the results of particulate number and particulate mass 

emission as known in PN and PM. PN and PM are emitted higher during urban driving than highway 

driving because the vehicle runs at a lower vehicle speed. Hereby, it expects that the engine ran 

in the rich combustion and cold engine than the higher vehicle speed. So, PN and PM are decrease 

by around 30% to 40% when using biodiesel and biodiesel blended with ethanol in the case of 

with and without the DOC system. All PM masses are emitted under Euro 4 to Euro 5 standard 

around 40 to 50 mg/km. Table 4.1 shows the SEM images that resulted from PM mass 

measurement. The different PM masses from the different fuels could be compared with the SEM 

images in the magnifications of 10,000x to show how the PM agglomerates are affected in both 

cases of with and without DOC system. 

 

Figure 4.76 Realtime measurement of particulate number of diesel vehicle 
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Figure 4.77 Realtime measurement of hydrocarbon emission of diesel vehicle 

 

Figure 4.78 Realtime measurement of NOx emission of diesel vehicle 
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Figure 4.79 Realtime measurement of carbon monoxide emission of diesel vehicle 

 

Figure 4.80 Realtime measurement of carbon dioxide emissison of diesel vehicle 
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Figure 4.81 Particulate matter number of diesel vehicle 
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Figure 4.82 Particulate matter mass of diesel vehicle 
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Table 4.1 SEM images of fuel trapped on filter papers for measured the PM mass 

Fuel Without DOC system Original DOC system 

B10 

  

B20 

  

B100 

  

B100E5  
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Figure 4.83 Hydrocarbon emission of diesel vehicle 
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Figure 4.84 Carbon monoxide emission of diesel vehicle 
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Figure 4.85 Carbon dioxide emission of diesel vehicle 
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Figure 4.86 NOx emission of diesel vehicle 
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(800 mg/km) for Urban Driving and Euro 5 (630 mg/km) for Highway Driving. Carbon dioxide in 

Figure 4.85 is slightly increased when using biodiesel and biodiesel blended with ethanol fuel by 

increasing around 3% when compared biodiesel and biodiesel blended with ethanol fuel with 

diesel fuel. It expects that more complete combustion and corresponds to the trend that observe 

in hydrocarbon emission. NOx emission in Figure 4.86 is not significantly different on the different 

fuels in both case of with and without doc system. All NOx emission are emitted higher than Euro 

3 standard (650 mg/km) in all driving cycle. 
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CHAPTER 5  
CONCLUSION 

 
This research investigated the influence of diesel, biodiesel, and biodiesel blended with 

ethanol fuels on the diesel engine and the diesel vehicle. The diesel engine test was tested on 
an engine dynamometer and performed at variable engine loads of 56, 84, 112, and 140 Nm at a 
constant engine speed of 1000, 1500, and 2000 rpm. The diesel engine test observed the 
combustion characteristics, engine performance, and emissions.  

As the results of the diesel engine test, the combustion characteristics show that with 
increasing biodiesel concentration, the combustion has a shorter ignition delay period because of 
the higher cetane number. The heat release rate is lower than diesel fuel, while it is not 
significantly different in the combustion pressure and cumulative heat release. With a higher 
blended ethanol ratio, the ignition delay period is longer and better atomization, affecting the 
better combustion process. As shown in a higher combustion pressure, cumulative heat release, 
and heat release rate. The engine performances show that the indicated specific fuel consumption 
is increased by around 18% for pure biodiesel fuel and 12% for blended ethanol fuel compared 
to diesel fuel. The brake specific fuel consumption of blending ethanol fuel increased by around 
18% for diesel fuel and 2% for pure biodiesel fuel. The indicated specific energy consumption is 
decreased by blending ethanol around 6% to 8% compared to diesel and biodiesel fuel. The 
brake specific energy consumption is not significantly different. The indicated thermal efficiency 
increased with blending ethanol fuel by around 5% to 8% compared to diesel and biodiesel fuel. 
While brake thermal efficiency is not significantly different. The emissions show that the smoke 
intensity is reduced by increasing biodiesel concentration to around 20% for B20 and 70% for 
B100 compared to B10. Blending ethanol could reduce the smoke intensity by around 90% for 
diesel fuels and 70% for pure biodiesel fuel. NOx emission increases with a higher ethanol 
concentration by around 60% for diesel fuel and 70% for pure biodiesel fuel. Carbon monoxide 
emission decreases with blending ethanol fuel by around 50% for diesel fuel and 25% for pure 
biodiesel fuel. Carbon dioxide emission decreases with blending ethanol fuel by around 10% to 
12% for diesel and biodiesel fuel. The agglomerate particle size of blended ethanol fuel is 
reduced by around 30% to 40% for diesel fuel and 20% for pure biodiesel.  
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Furthermore, the diesel vehicle test was tested on a chassis dynamometer with the virtual 
driving cycle based on the New European Driving Cycle. The diesel vehicle test investigated the 
emitted emissions in the urban driving and highway driving cycle. As the results of the diesel 
vehicle test, the emission reduction shows that particulate number and particulate mass are 
decreased by around 30% to 40% when using biodiesel and biodiesel blended with ethanol fuel 
in both cases with and without the DOC system. 

The advantage of blending ethanol could improve combustion and emission reduction. 
Ethanol has the properties such as lower cetane number, shorter evaporation duration, and higher 
burning rate. By shorter evaporation duration indicates a higher vaporization rate and better 
combustible mixture formation. A lower cetane number indicates a longer ignition delay period 
which affects to increase in the accumulated premixed fuel. And higher burning rate indicates a 
shorter combustion duration in the higher amount of fuel which results in higher combustion 
pressure. The above reasons affect increasing the combustion pressure, heat release rate, and 
cumulative heat release as shown in the experimental results. From higher combustion pressure 
which is related to the indicated power and from lower specific energy consumption. Resulting in 
the higher indicated thermal efficiency. The higher indicated thermal efficiency indicates better 
combustion resulting in lower emissions. 

Finally, the results of this research show that using biodiesel and biodiesel-ethanol 
blended fuel in the proper proportion could be reduced particulate matter emissions by 30% to 
40% compared to diesel fuels. The suitable blending fraction is approximately 10% of ethanol 
into pure biodiesel fuel because the viewpoint of specific energy consumption and thermal 
efficiency of blending ethanol approximately 5% to 10% is not significantly different. While the 
emissions and the agglomerate particle size decrease by around 10%.  
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Fuel Optical Microscope Scanning Electron Microscope 
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APPENDIX B 
TEST RESULTS 
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