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PREAMBLE 

1. Motivation 

 It can say that the search, the study use the biofuels to replace 

traditional fossil fuels is drying up to ensure that economic growth and 

environmental protection have become ever more urgent. It has become 

a leading policy in economic development strategy of all countries. It is 

important to find new and renewable energy sources that are 

environmentally friendly. Because biodiesel fuel differs in chemical, 

physical characteristics and combustibility compared to conventional 

diesel fuel, it affects the specific parameters of combustion and the 

economic, performance and emissions of diesel engine. Therefore, 

within the scope of research in Vietnam, it found that "A study of the 

combustion process of biodiesel fuel in internal combustion engine" 

is very urgent in the present, context at the same time having scientific 

and practical significance. 

2. Objectives of the study  
Evaluate the combustion characteristics of biodiesel fuel derived 

from rubber seed oil in diesel engine; evaluate the affect of alternative 

biodiesel ratio on economic, technical, emissions and performance 

parameters of diesel engine; Introduce biodiesel recommendations for 

the most efficient diesel engine and improve their usability. 

3. Subjects and scope of research 
 Subject of the research:  

- Diesel engine Mazda WL-Turbo 4 stroke, 4 straight cylinder, pre-

combustion chamber, It is built-up on the Mazda 2500 and Ford Ranger 

car, It also is used relatively commonly in road traffic in Vietnam. 

- Mixture of biodiesel fuel derived from rubber seed oil has blends 15%, 

20%, 25%, 30% (B15, B20, B25, B30) and DO (fossil diesel). 

 Research scope:  

- Theoretically: Study of combustion theory and analysis of 

mathematical models for application in simulation using ANSYS 

FLUENT software. In simulation, only simulators in some engine load 

modes and the number of revolutions commonly used diesel engine: 

Load conditions of 25%, 50%, 75% correspond to low load, medium 

load, high load at 1500 rpm and 2250 rpm. 

- Experimental study: Experimental research on Mazda WL diesel 

engine in 25%, 50%, 75% load modes corresponds from 1000 rpm to 

3000 rpm. The Mazda WL engine combustion chamber is endoscopies 
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with traditional diesel fuel (DO) and biodiesel fuel at 75% engine load 

and engine speed at 2250 rpm. 

4. Research contents 
Study theoretical background on the behavior and characteristics of 

combustion process of biodiesel fuel in diesel engine. Study selection of 

mathematical models in simulation software. Research on simulating 

diesel engine combustion using biodiesel derived from rubber seed oil 

on ANSYS FLUENT simulation software. 

Experiment on the test drive of engine power, measure the pressure 

in the engine combustion chamber from which to analyze the impact of 

biodiesel fuel on the combustion characteristics of diesel engine. 

Experimental have endoscopic combustion chamber with DO and 

biodiesel to observe combustion characteristics.  

5. Research methodology 
The thesis incorporates the theoretical, simulation and empirical 

research.  

6. Topic of thesis 

“A study of the combustion process of biodiesel fuel in internal 

combustion engine” 

7. The meaning of science and practical  

Scientific significance:  

The thesis has identified the most basic elements of the combustion 

process from combustion chamber pressure data. The dissertation has 

established the relationship between operational parameters of diesel 

engine. These are basic characteristics that support the actual increase of 

biodiesel/diesel ratio. 

 Practical significance: 

The dissertation provided specific data from the results of the research to 

provide scientific guidance on the use of biodiesel fuel derived from 

rubber seed oil as a substitute for existing diesel engine in Vietnam. The 

results of the thesis are the scientific basis to contribute to the 

development of standards about biodiesel fuel derived from rubber seed 

oil.    

8. Thesis Structure 

The thesis is composed of the main contents as follows: Preamble; 

Chapter 1: Overview; Chapter 2: Literature review; Chapter 3: 

Experimental; Chapter 4: Results and Discussion; Conclusion and Future 

works. 
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9. New contributions to the science of the thesis 
1- The thesis successfully built the modeling of the Mazda WL diesel 

engine simulation on ANSYS FLUENT software. Through the 

developed model, it is possible to analyze and evaluate the combustion 

characteristics of biodiesel fuel in diesel engines as well as to explain, 

orient and evaluate the experimental results.  

2- By modeling the thesis has predicted the change of combustion 

characteristics of biodiesel fuel in the diesel engine in terms of rules. By 

the way, the simulation results for the simulation of flame retardation in 

ANSYS FLUENT for biodiesel fuel have given in B15 to B30 as follow: 

 Applying J. Abraham's main combustion model needs to calibrate 

the parameters for the heat release rate: flow expansion coefficient 

C’d=1,18Cd; The exponent characterizes of combustion velocity 

coefficient a’=0,86a; form’s combustion factor m’= 1,14m. 

 Apply the Shell model to calculate the ignition delay proposed by 

Kong and Reitz, changed the Af4 time’s delay coefficient from the 

relative ignition delay model of the equation

    
4 4

x4 y4

4 f f 2f A exp E / RT O RH  . Correlation coefficient combustion 

Ef4 of biodiesel fuel due to the influence of cetane index on simulation is 

   
        

  

     
 . 

3- Experimental thesis has shown the combustion characteristics of 

biodiesel fuel derived from rubber seed oil in Mazda WL diesel engine 

with mixing ratios of B15, B20, B25. B30 and evaluate the effect of 

characteristic, blending ratio to economic, technical, emissions and 

operating parameters of diesel engine. Experimental results of 

endoscopic combustion chamber shows that the combustion 

characteristics of biodiesel similar to DO diesel. This result is consistent 

with the research results of simulation and experiment in the thesis. 

10. Limitations of the thesis 

The thesis has not investigated the effect of the rule on fuel supply 

into diesel engine performance when using biodiesel derived from 

rubber seed oil. 

Chapter 1: OVERVIEW 

1.1. An overview of biofuel and biodiesel 

1.1.1. General introduction of biofuel 

Biofuel include biogasoline, biodiesel and biogas-gases produced by 

the anaerobic digestion of agricultural waste, livestock and forestry.  
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1.1.2. General introduction of biodiesel 

1.1.2.1. Source material for biodiesel production 

Biodiesel sources are produced in a variety of forms and can be 

synthesized by a number of key ingredients such as vegetable oils, 

animal fats, waste oils from oil processing plants, greases, algae. 

1.1.2.2. Synthetic methods of biodiesel 

 Four synthetic biodiesel methods have been developed to address 

high viscosity problems: dilution, pyrolysis, catalytic cracking and 

esterification of vegetable oils [11].  

1.1.2.3. Compare the characteristics of biodiesel and mineral diesel 

1.1.2.4. Quality standards for biodiesel 

1.2. Overview of biodiesel derived from rubber seed oil 

1.2.1. General characteristics of rubber and rubber seed oil 

According to Vietnam Rubber Association, the area and output of rubber 

trees in Vietnam is 1 million ha, It statistics to 2015 [113]. 

 
Figure 1.1: Image of tree, fruit and rubber seed oil 

1.2.2. Characteristics of the chemical properties of rubber seed oil 

Table 1.3: Chemical composition of rubber kernel [3] 

STT Tên Ký hiệu Thành phần, % 

1.  Myristic 14:0 0,08 

2.  Palmitic 16:0 9,27 

3.  Palmitoleic 16:1 0,14 

4.  Stearic 18:0 10,58 

5.  Oleic 18:1 26,64 

6.  Linoleic 18:2 34,92 

7.  Linolenic 18:3 17,80 

8.  Arachidic 20:0 0,57 

 

1.2.3. Characteristics of the physical properties of rubber seed oil 

Table 1.4: Some physicochemical properties of rubber seed oil [15] 
Characteristics Values 

Density (25oC) 0,943 

Viscosity, cSt 66 

Non-soap content 1,20% 
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Saponification index, mg KOH/g 192,016÷226,12 

Acid Index, mg KOH/g 32,02÷37,69 

Peroxide index, mEq/1000g dầu 10,4 

Iodine index, g I2/100g 142,45÷144,231 

Flash point, oC min 218,5oC 

Fire point, oC min 347,4oC 

Refractive index 1,4709 

Heating value, MJ/kg 37,5 

1.3. Situation of production and use of biodiesel 

1.3.1. The situation of biodiesel production and use in the world 

In India, industrial biodiesel development started in 2003. The 

countries producing many biodiesel in Southeast Asia are Malaysia, 

Indonesia and Thailand [95].  

 
Figure 1.4: Bio-diesel production in Europe [112] 

1.3.2. Situation of biodiesel production and use in Vietnam  

Currently, in the Mekong Delta, three places have successfully 

produced biodiesel, namely Agifish - An Giang with a capacity of 

10,000 tons/year. Minh Tu - Can Tho with a capacity of 300 liters/hour; 

Vinh Long Seafood Trading Company with a capacity of 500,000 

tons/year.  

1.4. Study on the combustion process of biodiesel  

1.4.1. On the world 

 1.4.2. In Viet Nam 

Comments: Most global studies on biodiesel have generally 

concluded that the nature and origin of biodiesel fuel has a significant 

impact on the properties as well as on engine emissions [76], [46], [36], 

[41], [77], [42], [93], [56], [101], [89], [102]. Other studies focus on 

simulations, empirical comparisons of economic, technical, and 

emissions indicators [26], [73], [79], [88], [94]. Worldwide research on 

the combustion process of biodiesel fuel such as biodiesel [30], [106], 

[87], [51], [47], [40], [96]. However, these studies often focus on 

biodiesel that derives from the superiority of the supply and the 

renewability of their country. There are no research topics on the 
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combustion process of biodiesel fuel derived from rubber seed oil with 

the ratios of B15, B20, B25 and B30 compared with fossil diesel (DO). 

Therefore, research on the combustion process of biodiesel fuel derived 

from rubber seed oil in diesel engine is urgent, suitable for conditions in 

Vietnam. 

1.5. Conclusion Chapter 1 
 The study on the combustion characteristics combining the 

observed combustion behavior of biodiesel fuel in diesel engine has not 

been fully and thoroughly researched. But this is an important research 

direction when applying biodiesel to replace the traditional diesel used 

for diesel engine.  

 The thesis focuses on the combustion of biodiesel fuel: he blend 

of B15, B20, B25, B30 and derived from rubber seed oil. 4-stroke 

Mazda WL-Turbo diesel engine, 4 cylinders straight, separate 

combustion chamber. 

Chapter 2: LITERATURE REVIEW 

2.1. Turbulence modeling  

In the turbulence modeling k , the equations are constructed as 

follows: Under the assumption of Boussinesq's viscosity [5], to have: 
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2.2. Combustion process theory   

2.3. Diffusion mixture of Non-premixed combustion modeling 

2.3.1. The theory of mixture component 

a. The theory of mixture component 
The mixture component may be be written as the element to the 

volume blocks after: 

ox,ifuel,i

ox,ii

ZZ

ZZ
f




     (2.6) 

b. Transition equations for mixed components 

The equations for the Favre mean (weighted average) of the mixture 

are as follows: 

    userm

t

t SSf.fv.f
t


















    (2.9) 

c. Mixture composition is equivalent 
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(   )      
(   )      

                                                     (    ) 

d. The relationship between f with volume composition, density and 

temperature 

2.3.2. Interactive model of tangle and chemistry 

a. Describe the probability density function 

 
Figure 2.3: Graph representation of probability density function p(f) 

b. Derivative of the average values from the instantaneous composition 

c. Assume form of pdf function 

- The double delta pdf function 

The double delta pdf function is given by: 



















khachoptruong,0

'fff,5,0

'fff,5,0

)f(p 2

2

  (2.24) 

2.3.3 Fuel injection model  

Hypothesis: The mixture of fuel when injected into the combustion 

chamber will evaporate completely. 

2.3.4. Combustion model  

 According to the flame Vibe rule, the exothermic velocity is shown 

by the following equation [61]. 
m 1

SOC
m

a
CDSOCf

f ,total

CD

dQ
Q a(m 1) e

d


 

  
 



 
   

                   

(2.50) 

Kong and Reitz's Flame Patterns: Delay in Heywood is given by [61]. 
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id ~exp  (ms)   (2.53) 

2.3.5. Emission model 

Model of soot formation:  

Model of NOx formation:  

Model of HC formation:  

Model of CO formation:  
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2.4. Modeling the combustion of biodiesel in diesel engine 
2.4.1. Introduction to CFD Simulation and FLUENT software 

2.4.2. Object, object, scope and simulation mode  

 Simulation mode will be as follows:  

Step 1: Input the corresponding parameters when the engine is running 

at 1500 rpm and 2250 rpm with advance angle injection 10
o
TK before 

TDC, pressure is 114 (bar). Step 2: Enter the fuel models corresponding 

to DO, B15, B20, B25, B30. For each fuel, change the gct corresponding 

to the 25%, 50% and 75% load. Step 3: Run the calculation model and 

record the results of the combustion process, power, fuel consumption 

and emissions.  

2.4.3. Simulation calculations with ANSYS FLUENT software 

2.4.3.1. Building combustion chamber geometric and discrete model  

  
Figure 2.8: Mesh of the Mazda engine combustion chamber 

With automatic meshing, quadrilateral / quadrilateral (Quad / Tri) 

grids, grid type is dynamic grid, grid model of combustion chamber 

includes 9917 nodes and 9677 elements shown in Figure 2.8. 

2.4.3.2. Install the model parameters 

Choose a solver: 

Select and set up mathematical models: 

Choose fire model: Non-Premixed Combustion 

Select Materials: The mixture of PDF Talbe just created above. 

Set Dynamic Mesh Dynamic: 

Start calculating and processing results: 

Retrieve calculation results: 

2.4.4. Set the boundary conditions and determine the model correction 

factor  
The boundary condition is the sum of all parameters of model 

geometry, engine parameters, nozzle, fuel properties and combustion 

chamber characteristics as shown in tables 2.2, 2.3 and 2.4.  
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Table 2.2: The basic specifications of MAZDA WL-Turbo  
Specifications Symbol Unit Value 

Maximum Power at 3500 (rpm) Ne kW 80 

Compression ratio ε  19,8:1 

Maximum Torque at 2000(rpm) Me Nm 266 

Cylinder diameter D mm 93 

Length of connecting rod L mm 152 

Piston stroke S mm 92 

displacement V cm3 2499 

Number of cylinders i  4 

Number of stroke τ  4 

Advance injection timing TDC  OTK 10 

IVO 1 
OTK 10 

IVC 2 
OTK 44 

EVO 3 
OTK 51 

EVC 4 
OTK 9 

Fuel pressure at start of injection  bar 114÷121 

Table 2.3: Comparison of some properties of B15, B20, B25 and B30 with diesel 

Characteristic, units Experiement Diesel B15 B20 B25 B30 

Sulfur content, mg/kg TCVN 6701:2000 (ASTM D5453) 500 295 238 238 217 

Heating value, kJ/kg ASTM D240 - 06 43738 42217,3 41910,4 38730 37500 

Lightning flash burn, oC TCVN 6608:2000 (ASTM D93) 55 68 72,0 74,0 74,0 
Kinematic viscosity at 

40oC, cSt 
TCVN 3171:2003 (ASTM D445) 3,070 3,310 3,990 4,693 4,693 

Freezing point, oC TCVN 3753:1995 (ASTM D97) +6 -6 -6 -9 -9 
Water and mechanical 

impurities, % volume 
ASTM D2709 – 06  <0,005 <0,005 <0,005 <0,005 

Particulate matter, mg/l ASTM D2276 –06 10 <1 <1 <1 <1 
Eat copper pieces in, 

50oC/3h 
TCVN 2694:2000 (ASTM D130) Loại 1 Loại 1a Loại 1a Loại 1a Loại 1a 

Density at 15oC, kg/m3 TCVN 6594:2000 (ASTM D1298) 840 845,2 848,0 853,4 853,4 

Cetane index ASTM D 6751 45 47 48 49 50 

Table 2.4: Summary table of boundary conditions for the model  
Parameters Diesel B15 B20 B25 B30 Đơn vị 

Spray velocity 105,48 105,16 104,98 104,65 104,41 m/s 

Injection timing (s) 10  (deg) before TDC Độ 

Hole diameter (1 hole) 0.2 0.2 0.2 0.2 0.2 mm 

Fuel injection pressure 114 114 114 114 114 Bar 

Intake air temperature Tnạp 303 oK 

The amount of fuel supplied to the cycle gct at 1500 rpm = 0,132 g/ct 

The amount of fuel supplied to the cycle gct at 2250 rpm = 0,132 g/ct 
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Figure 2.10: Comparison of compression pressure curve between 

modeling and experiment 

2.4.5. The results show the combustion process in diesel engine 

The results of the simulation of the combustion process in the Mazda 

WL engine in some cases are shown in Figures 2.11 to 2.14.  

  
Figure 2.11: Results of combustion pressure of 
biodiesel B15 (At n = 2250 v / p, 75% of load, 

angle of injection: 10o TDC) 

Figure 2.12: Results of combustion temperature 
of biodiesel B15 (At n = 2250 v / p, 75% of 

load, angle of injection: 10o TDC) 

 

  
Figure 2.13: Results of O2 combustion 

progression of biodiesel B15 (At n = 2250 v / 
p, 75% load, angle of injection: 10o TDC) 

Figure 2.14: Results of combustion CO 2 

emissions of biodiesel B15 (At n = 2250 v / p, 
75% of load, angle of injection: 10o TDC) 

2.4.6. The results show the variation of fire pressure in the engine 

cylinder  
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Figure 2.17: Pressure variation in the cylinder according to the simulation 

2.4.7. Variable heat release rate in the cylinder 

 
Figure 2.18: Variation of HRR the cylinder according to simulation 

2.4.8. Variable combustion temperature in engine cylinder 

2.4.9. Simulation results of combustion emission 

 Emission NOx (Nitrogen Oxide):  
Table 2.9: Comparison of NOx emission values of fuel as simulation 

No. n 

(rpm) 

Load 

(%) 

Fuel  

NOx 

(ppm) as 
simulati

on  

DO B15 TĐ.(%) B20 TĐ.(%) B25 TĐ.(%) B30 TĐ.(%) 

1500 
(rpm) 

25 368

 

382

 

3,80 391

 

6,25 396

 

7,61 403

 

9,51 

50 495

 

507

 

2,42 523

 

5,66 541

 

9,29 557

 

12,53 

75 476

 

485

 

1,89 507

 

6,51 518

 

8,82 534

 

12,18 

Average value  2,71  6,14  8,58  11,41 

2250 

(rpm) 

25 307

 

312

 

1,63 319

 

3,91 324

 

5,54 329

 

7,17 

50 638

 

647

 

1,41 659

 

3,29 671

 

5,17 682

 

6,90 

75 598

 

617

 

3,18 630

 

5,35 641

 

7,19 660

 

10,37 
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Trung bình   2,07  4,18  5,97  8,14 

General average value  2,39  5,16  7,27  9,78 

 Emission Opacity (%Opac): .  

 CO  Emission (Carbon Monoxide):   

 HC Emission (Unburned Hydrocarbon):  

2.5. Evaluate model accuracy 

The result of deviation is (MP-TN) / TN * 100% where: TN- 

Experimental; MP-Simulation. 

Evaluate model accuracy 
  Table 2.13: Difference between results between MP and TN 

Engine speed at 1500 rpm 

Load 75 

(%) 

 Ne (kW)

 

ge (g/kW.h) 

DO B15 B20 B25 B30 DO B15 B20 B25 B30 

MP 21,85 21,63 21,28 20,94 20,47 330,25 332,71 335,41 340,19 345,15 

TN 22,3 22,07 21,86

 

21,61

 

21,35

 

321,21 323,16 325,69

 

327,39

 

328,69

 
MP-TN (%) -2,02 -1,99 -2,65 -3,10 -4,12 2,81 2,96 2,98 3,91 5,01 

Engine speed at 2250 rpm 

MP 46,97 46,61 46,27 46,05 45,8 291,58 293,74 296,49 299,03 304,15 

TN 48,3 48,1 47,7

 

47,36

 

47,11

 

281,49 283,2 284,68

 

286,19

 

287,6

 
MP-TN (%) -2,75 -3,10 -3,00 -2,77 -2,78 3,58 3,72 4,15 4,49 5,75 

The results show that the most common variation between 

simulations and experiments at both speeds was 5.75%. Thus, the 

simulated model calculation for fuel with a tolerance of less than 10% 

satisfies sufficiently the reliability required to carry out further 

calculations. 

2.6. Conclusion Chapter 2 
Define boundary conditions and coefficients for model simulation using 

ANSYS FLUENT software based on biodiesel derived from rubber seed oil 

due to differences in some properties: cetane index, kinematic viscosity, 

calorific value. 

Models with errors of less than 10% fully satisfy the required reliability 

for conducting further calculations later. 

Chapter 3: EXPERIMENTAL 

3.1. Objectives and experimental objects  

3.1.1. Experimental objectives 
The experimental research objective of the thesis is to investigate the 

characteristics of combustion process of biodiesel fuel compared with DO 
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fuel when using diesel engine Mazda WL. Combustion chamber endoscopy 

and image analysis obtained by AVL VisioScope software.  

3.1.2. Experimental objects 

 Engine experimental  
The experimental engine is Mazda WL-Turbo engine, four cylinders, 

the engine parameters was showed chapter 2. 

 Fuel experimental 
The fuels used in this study include four types: biodiesel blends B15, 

B20, B25 and B30 derived from rubber seed oil and the fossil diesel DO 

fuel (see chapter 2).  

3.2. Experimental layout and installation 
3.2.1. Layout of experiments 
3.2.2. Installation of experimental engine 

 
Figure 3.2: Engine experimental installation 

3.2.3. Arranging and installing the endoscopy combustion chamber 

3.2.4. Introduction of equipment for experimental 

3.3. Experimental method 

3.3.1. Experimental conditions 

3.3.2. Contents of experimental modes 

Table 3.4: Contents of Experimental Modes 
Experimental fuels DO, B15, B20, B25 và B30 

Engine speed  1000 rpm÷3000 rpm step: 250 rpm 

Load conditions 25%, 50% and 75% 

Endoscopy combustion chamber 2250 rpm and 75% 

Repeatability 1 measurement point 3 times, the average pressure data 100 cycles 

3.3.3. Experimental process 
3.3.4. Limitations of the experiment 

3.4. Analysis of factors affecting the experimental results 
3.4.1. Effect of fuel mixture 

3.4.2. Effect of experimental equipment 

3.4.3. Influence of error on analysis of empirical data 

6 
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3.5. Experimental results 
3.5.1. Mathematical methods in analysis experimental results 

3.5.2. Introduction to Matlab/Simulink software 
3.5.3. Program code calculation in Matlab/Simulink software 

3.6. Conclusion Chapter 3 

Starting from the objective of the thesis, in this chapter, the author 

has fully described the experimental process to analyze and evaluate the 

combustion characteristics of biodiesel fuel in diesel engine.  

Chapter 4: RESULTS AND DISCUSSION 
The dissertation focuses on the 75% loading mode and the 2250 rpm 

rotation to present results and discussions.  

4.1. Characterization of the combustion process of biodiesel from 

rubber seed oil in Mazda WL diesel engine 

4.1.1. Stability of combustion in the diesel engine 

The COV limit is no more than 10% for the assessment of the 

combustion stability limit for gasoline engine and not more than 5% for 

diesel engine, the COV (%) as shown in Figure 4.1.  

 
Figure 4.1: Influence of biodiesel fuel ratio on COV of IMEP 

4.1.2. Variable combustion pressure in engine cylinder 
Experimental results show that, as the biodiesel blends increase, the 

start of the rapid acceleration of the pressure corresponding to the end of 

the biodiesel fuel burn is sooner. The maximum burning pressure of the 

biodiesel fuel is higher and lower, the pressure increase rate of the 

largest DO then decreases as the biodiesel blends increase as shown in 

Figure 4.2. 
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Figure 4.2: Experimental pressure 

variation in the cylinder 

Figure 4.3Trend of pzmax change between 

DO and biodiesel experimentaly 

 Peak combustion pressure (pzmax):  
Experimental results show that the maximum pressure of DO is 

greatest, and then decreases as the B15, B20, B25 and B30 blend 

have an average change value of -1.72%, respectively. -2.54%, -3.5% 

and -4.63%. 
4.1.3. Variable heat release rate in the cylinder 

 

 

Figure 4.4: Experimental HRR variation 

in the cylinder 

Figure 4.5: Trend of HRRmax change as 

experimentally 

Experimental results show that the maximum exothermic velocity 

of DO is greatest and then decreases as the biodiesel rate increases, 

but unlike the maximum pressure, the average reduction of maximum 

exothermic velocity is Particularly large are -7.99%, -11.44%, -

17.01% and -21.25% respectively of B15, B20, B25 and B30. 
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Comparison of the maximum radial heat exchanger values that 

change the HRRmax between DO and biodiesel is shown in Fig. 4.5. 
4.1.4. Variable combustion temperature in engine cylinder 

  
Figure 4.6: Experimental combustion 

temperature in the cylinder 

Figure 4.7: Trend of combustion 

temperature change as experimentally 

Experimental results show that the maximum burning temperature 

of DO is greatest and then decreases as the B15, B20, B25, B30 

biodiesel yields increase to -3.85%, -5.61% -7.18%, -10.03%. The 

trend of maximum combustion temperature change between DO and 

biodiesel is shown in Figure 4.7. 
4.1.5. The rate of mass fraction burn MFBR and burn duration 

 
Figure 4.8: Volatility of MFB between DO and biodiesel  
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Figure 4.9: Comparison of combustion duration of DO and biodiesel fuel 

 Ignition Delay 

Table 4.3: Comparison of experimental ignition delay values 

Characteristics of combustion duration in diesel 

engine Mazda WL; n=2250 rpm; load 75% 

Fuel  

DO B15 B20 B25 B30 

Start of injection-SOI (Deg BTDC) 10 10 10 10 10 

Start of combustion-SOC (Deg BTDC) 3,539 3,994 4,416 4,735 4,983 

Ignition delay (Deg) 6,461 6,006 5,584 5,265 5,017 

Change the Ignition delay compared to the DO (CA) 0,455 0,877 1,196 1,444 

combustion duration 0÷10% (Deg) 6,461 6,006 5,584 5,265 5,017 

combustion duration 10÷90% (Deg) 37,819 36,638 35,637 34,638 34,097 

combustion duration từ 0÷90% (Deg) 44,280 42,644 41,221 39,903 39,114 

Total change 0÷90% with DO (Deg) 1,636 3,059 4,377 5,166 

4.1.6. Combustion Efficiency  

 
Figure 4.10: Comparison of Combustion Efficiency between DO and biodiesel  
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increasing the percentage of biodiesel with 98.44%, 98.52% , 98.60% 

and 98.65% respectively of B15, B20, B25 and B30.  

4.1.7. Brake thermal Efficiency  

  
Figure 4.11: Comparison of BTE between DO and biodiesel 

4.1.8. Exhaust gas temperature 

 
Figure 4.12: Effect of biodiesel on engine exhaust gas temperature 

4.2. Influence of biodiesel ratio on economic, technical and emissions 

characteristic of diesel engine 

4.2.1. Influence of biodiesel ratio on engine specification 
Table 4.4: Engine power values for DO and Biodiesel experiments 

No. n 

(rpm) 

Load 

(%) 

Biodiesel 

Ne 
(kW) 

DO B15 TĐ.(%) B20 TĐ.(%) B25 TĐ.(%) B30 TĐ.(%) 

1500 

(rpm) 

25 12,8 12,5 -2,34 12,3 -3,91 12,19 -4,77 12,03 -6,02 

50 19,3 18,9 -2,07 18,7 -3,11 18,41 -4,61 18,39 -4,72 

75 22,3 22,07 -1,03 21,86 -1,97 21,61 -3,09 21,35 -4,26 

Average value   -1,82  -3,00  -4,16  -5,00 

2250 

(rpm) 

25 5,37 5,29 -1,49 5,18 -3,54 5,15 -4,10 5,08 -5,40 

50 31,4 30,9 -1,59 30,78 -1,97 30,46 -2,99 30,38 -3,25 

75 48,3 48,1 -0,41 47,7 -1,24 47,36 -1,95 47,11 -2,46 

Average value   -1,17  -2,25  -3,01  -3,70 

General average value  -1,49  -2,62  -3,58  -4,35 

Table 4.4 shows the results of engine power comparison using DO with 
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biodiesel at two rotational speeds of 1500 v / ph and 2250 v / ph with 

load modes of 25%, 50% and 75%.    

4.2.2. Influence of biodiesel ratio on fuel consumption of engine 
Table 4.5: Experimental comparison of specific energy consumption 

No. n 

(rpm) 

Load 

(%) 

Fuel  

ee 

(kJ/kW.h) as 

experimental  

DO B15 TĐ.(%) B20 TĐ.(%) B25 TĐ.(%) B30 TĐ.(%) 

1500 

(rpm) 

25 294,98 295,31 0,11 297,33 0,80 301,04 2,05 304,6 3,26 

50 310,52 312,7 0,70 315,04 1,46 319,66 2,94 322,08 3,72 

75 321,21 323,16 0,61 325,69 1,39 327,39 1,92 328,69 2,33 

Average value  0,47  1,22  2,31  3,10 

2250 

(rpm) 

25 672,83 677,81 0,74 681,35 1,27 683,67 1,61 701,86 4,31 

50 329,15 331,54 0,73 336,65 2,28 338,86 2,95 340,11 3,33 

75 281,49 283,2 0,61 284,68 1,13 286,19 1,67 287,6 2,17 

Average value  0,69  1,56  2,08  3,27 

General average value  0,58  1,39  2,19  3,19 

4.2.3. Influence of biodiesel ratio on engine emissions 

 Emission NOx (Nitrogen Oxide):  
Table 4.6: Comparison of NOx emission values of fuel as experimental  

No. n 

(rpm) 

Load 

(%) 

Fuel  

NOx 
(ppm) as 

experim

ental  

DO B15 TĐ.(%) B20 TĐ.(%) B25 TĐ.(%) B30 TĐ.(%) 

1500 
(rpm) 

25 379 397 4,75 403 6,33 407 7,39 412 8,71 

50 506 534 5,53 545 7,73 566 11,86 578 14,23 

75 488 511 4,75 538 10,16 545 11,68 565 15,78 

Average value 5,01  8,07  10,31  12,91 

2250 

(rpm) 

25 316 324 2,53 327 3,48 330 4,43 334 5,70 

50 646 660 2,12 678 4,90 689 6,61 692 7,12 

75 614 641 4,32 661 7,61 675 9,89 695 13,15 

Average value 2,99  5,33  6,98  8,65 

General average value  4,00  6,70  8,64  10,78 

 
Figure 4.15: Characteristics of NOx emission components of as engine experimental  
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of combustion, which in turn reduces the amount of soot. 
Table 4.8: Comparison of Opac value of fuel as experimental 

No. n 

(rpm) 

Load 

(%) 

Loại fuel  

OPAC 
(%) as 

experim

ental  

DO B15 TĐ.(%) B20 TĐ.(%) B25 TĐ.(%) B30 TĐ.(%) 

1500 
(rpm) 

25 1,80 1,70 -5,56 1,63 -9,44 1,61 -10,56 1,56 -13,33 

50 8,80 8,50 -3,41 8,20 -6,82 7,90 -10,23 7,70 -12,50 

75 19,8 19,4 -2,02 19,18 -3,13 18,75 -5,30 18,25 -7,83 

Average value -3,66  -6,46  -8,70  -11,22 

2250 

(rpm) 

25 1,20 1,15 -4,17 1,10 -8,33 1,00 -16,67 0,96 -20,00 

50 4,1 3,7 -9,76 3,50 -14,63 3,40 -17,07 3,20 -21,95 

75 9,23 8,8 -4,61 8,2 -11,11 8 -13,28 7,6 -17,62 

Average value -6,18  -11,36  -15,67  -19,86 

General average value  -4,92  -8,91  -12,18  -15,54 

 Comparison between the emission results of the engine 

between simulation and experiment:    

  
Figure 4.19: Trends in changing the results between simulation and 

experiment 

Conclude: The results of the above comparisons confirm that simulation 

modeling, adjustment of boundary conditions, correcting mathematical 

model coefficients is appropriate to reality and also confirms the reliability 

of data, whether used in the thesis. The simulation model can applied to a 

2.5-liter diesel engine with a fuel delivery system using a supply pump. 

4.3. Characteristic evaluation of combustion of biodiesel blends from 

rubber seed oil in Mazda WL engine through images 

4.3.1. The results show that the fire characteristics of the image  
4.3.2. Visualization of combustion of biodiesel in Mazda WL engine by 

combustion chamber endoscopy 

4.4. Conclusion Chapter 4 
1. The model Mazda WL diesel engine, 4-cylinder, 4 straight-line 

cylinder with biodiesel blends ratio of 0%, 15%, 20%, 25%, 30% derived 

from rubber seed oil and DO has been simulated on ANSYS FLUENT 
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software to analyze combustion parameters, compare economic and 

technical characteristics as well as emission targets, to ensure reliability and 

suitability to the reality.  

 The simulation results compared with the experiment showed the 

highest deviation of maximum combustion pressure was 4.8%, economic 

and technical criteria was 5.75%, emission was 7.50%.  

 Through the developed model, it is possible to analyze and evaluate the 

combustion characteristics of biodiesel in internal combustion engine as 

well as to explain and evaluate the experimental results. 

 Applying J. Abraham's main combustion model needs to calibrate the 

parameters for the heat release rate: flow expansion coefficient C’d=1,18Cd; 

The exponent characterizes of combustion velocity coefficient a’=0,86a; 

form’s combustion factor m’= 1,14m. 

 Apply the Shell model to calculate the ignition delay proposed by 

Kong and Reitz, changed the Af4 time’s delay coefficient from the relative 

ignition delay model of the equation     
4 4

x4 y4

4 f f 2f A exp E / RT O RH  . 

Correlation coefficient combustion Ef4 of biodiesel fuel due to the influence 

of cetane index on simulation is    
        

  

     
 . 

2. Experimental results have analyzed and evaluated to characterize the 

combustion process of biodiesel in the Mazda WL diesel engine as follows: 

 The combustion stability was ensured by COV of IMEP <5%, when 

increasing biodiesel in order of 15%, 20%, 25%, 30% corresponding to B15, 

B20, B25, B30, showing the largest COV of IMEP results, rising by 2.16%, 

3.29%, 3.42%, 4.32% respectively in comparison with fuel DO.  

 The peak pressure of fuel B15, B20, B25 and B30 decreased by -

1.72%, -2.54%, -3.5% and -4.63% respectively compared to DO fuel. 

Maximum HRR heating rates for B15, B20, B25 and B30 decreased by -

7.99%, -11.44%, -17.01% and -21.25%, respectively, compared to DO fuel. 

Maximum combustion temperatures of fuel B15, B20, B25 and B30 

decreased by -3.47%, -5.08%, -6.59% and -9.02%, respectively. 

 Ignition delay time in terms of the crankshaft rotation angle of fuel 

B15, B20, B25 and B30 is shorter 0,455(deg), 0,877(deg), 1,196(deg), 

1,444(deg) than DO. The period of time when the fuel ratio of 90% (0 ÷ 

90% MFB) calculated according to the crank angle of the fuel bumps B15, 

B20, B25 and B30 is shorter 1,636(deg), 3,059(deg), 4,377(deg), 5,166 deg 

than DO. 

 Combustion efficiency of fuel B15, B20, B25 and B30 increased by 

0.25%, 0.33%, 0.42% and 0.47% respectively compared to DO fuel. The 

average thermal efficiency of fuel B15, B20, B25 and B30 decreased, 
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respectively -1,13%, -6,26%, -8,61% and -12,08% with DO fuel. 

3. Experimental results have identified specific factors for analyzing the 

combustion process of biodiesel fuel derived from rubber seed oil compared 

to traditional diesel fuel DO in Mazda WL diesel engine, separator 

combustion chamber, for the engine loads consist of a small load (25% 

load), mean load (50% load) and high load (75% load): 

 With a 15% biodiesel blend ratio (B15) at 1500 rpm and 2250 rpm, 

respectively: the maximum combustion pressure decreased 1.61% and 

1.82%; maximum heat release rate decreased 9.12% and 6.87%; maximum 

combustion temperature decreased 4.05% and 2.88%; thermal efficiency 

decreased 1.02% and 1.24%; engine power decreased by 1.82% and 1.17%; 

specific energy consumption decreased 3,02% and 2,81%; %opac smoke 

decreased 3.66% and 6.18%; CO emission decreased 4.58% and 6.14%; HC 

emission decreased 8.64% and 9.41%; NOx emission increased 5.01% and 

2.99%. In addition, at 75% load and 2250 rpm: the ignition delay is shorter 

(decrease) 7.04%; combustion duration is shorter (decrease) 3.54%; 

combustion efficiency increased 0.25% and exhaust gas temperature 

decreased 5.37%. 

 With a 20% biodiesel blend ratio (B20) at 1500 rpm and 2250 rpm, 

respectively: the maximum combustion pressure decreased 2.32% and 

2.45%, maximum heat release rate decreased 13.39% and 9.49%; maximum 

combustion temperature decreased 5.44% and 4.72%; thermal efficiency 

decreased 4.73% and 7.79%; engine power decreased 3% and 2.25%; 

specific energy consumption decreased 3,01% and 2,68%; %opac smoke 

decreased 6.46% and 11.36%; CO emission decreased 6.09% and 8.53%; 

HC emission decreased by 13.16% and 13.64%; NOx emission increased 

8.07% and 5.33%. In addition, at 75% engine load and 2250 rpm: the 

ignition delay is shorter (decrease) 13.57%; combustion duration is shorter 

(decrease) 6.61%; combustion efficiency increased 0.34% and exhaust gas 

temperature decreased 6.28%. 

 With a blend of 25% biodiesel (B25) at 1500 rpm and 2250 rpm, 

respectively: the maximum combustion pressure decreased 3.9% and 3.5%; 

maximum heat release rate decreased 20.77% and 13.25%; maximum 

combustion temperature decreased 6.08% and 6.37%; thermal efficiency 

decreased 6.67% and 10.55%; engine power decreased 4.16% and 3.01%; 

specific energy consumption decreased 9,41% and 9,61%; %opac smoke 

decreased 8.7% and 15.67%; CO emission decreased by 7.78% and 10.02%; 

HC emission decreased 16.84% and 21.29%; NOx emission increased 

10.31% and 6.98%. In addition, at 75% load and 2250 rpm: the ignition 

delay is shorter (decrease) 18.51%; combustion duration is shorter 
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(decrease) 9.46%; combustion efficiency increased 0.42% and exhaust gas 

temperature decreased 8.33%. 

 With a 30% biodiesel blend ratio (B30) at 1500 rpm and 2250 rpm, 

respectively: the maximum combustion pressure decreased 5.21% and 

4.05%; maximum heat release rate decreased 26.34% and 16.16%; 

maximum combustion temperature decreased 9.55% and 8.49%; thermal 

efficiency decreased 9.63% and 14.52%; engine power decreased 5.0% and 

3.7%, specific energy consumption decreased 11,60% and 11,46%; %opac 

smoke decreased 11.22% and 19.86%; CO emission decreased 8.9% and 

11.0%; HC emission decreased 20.53% and 22.57%; NOx emission 

increased 12.91% and 8.65%. In addition, at 75% load and 2250 rpm: the 

ignition delay is shorter (decrease) 22.35%; combustion duration is shorter 

(decrease) 11,16%; combustion efficiency increased 0.47% and exhaust gas 

temperature decreased by 8.94%. 

4. The results of fire endoscopy in experimental studies show that the 

combustion process tends to be earlier when the biodiesel concentration in 

the fuel and the shorter timeframe is shorter. The combustion temperature 

when using DO is higher than biodiesel. Soil emissions are much lower, but 

NOx emissions are higher when using biodiesel. From the results of the fire 

membrane image and fire combustion analyzes of the combustion chamber 

as well as the simulated results show that the mixture of biodiesel fuel 

derived from rubber hat oil has the characteristics of combustion similar to 

that of traditional diesel DO. 

CONCLUSION AND FUTURE WORKS 

CONCLUSION 

1. The thesis successfully built the Mazda WL diesel engine 

simulation model by ANSYS FLUENT software using DO and biodiesel 

fuel derived from rubber seed oil with blends of B15, B20, B25, B30. 

Simulation results with the largest deviation of less than 10%, so the 

simulation model is completely reliable and consistent with reality. 

Through the constructed model, it is possible to analyze and evaluate the 

combustion characteristics of biodiesel fuel in internal combustion 

engines as well as to explain and evaluate the experimental results. 

2- By modeling the thesis has predicted the change of combustion 

characteristics of biodiesel fuel in the diesel engine in terms of rules. By 

the way, the simulation results for the simulation of flame retardation in 

ANSYS FLUENT for biodiesel fuel have given in B15 to B30 as follow: 

 Applying J. Abraham's main combustion model needs to calibrate 

the parameters for the heat release rate: flow expansion coefficient 



- 24 - 

 

C’d=1,18Cd; The exponent characterizes of combustion velocity 

coefficient a’=0,86a; form’s combustion factor m’= 1,14m for biodiesel 

fuel from rubber seed oil when used for Mazda WL diesel engine. 

 Apply the Shell model to calculate the ignition delay proposed by 

Kong and Reitz, changed the Af4 time’s delay coefficient from the 

relative ignition delay model of the equation

    
4 4

x4 y4

4 f f 2f A exp E / RT O RH  . Correlation coefficient combustion 

Ef4 of biodiesel fuel due to the influence of cetane index on simulation is 

   
        

  

     
 . 

3. By Experimental, the thesis has studied and analyzed the 

combustion characteristics of biodiesel fuel in Mazda WL diesel engine. 

The results of the experimental study have also identified factors that 

can used to analyze the effects of biodiesel fuel derived from rubber seed 

oil to substitute on economic, technical and emissions indicators, 

operational parameters of diesel engine. 

4. In the future, it is possible to use biodiesel fuel with a blend ratio 

of 15% derived from rubber seed oil to replace diesel fuel for Mazda WL 

diesel engine without modify the structure. It is possible to use biodiesel 

fuel with a 20% blending ratio for Mazda WL diesel engine without 

changing the structure, however, requiring a NOx reduction catalyst on 

the engine. 

5. Experimental results of endoscopy combustion chamber analyzed 

the combustion process image on AVL Visioscope software of biodiesel 

fuel and DO in Mazda WL engine combustion chamber shows that: The 

combustion process tends to be earlier as the biodiesel rate increases and 

the shorter ignition delay. It was lower combustion temperature, soot 

emission, higher NOx emission than DO fuel. Characteristics of the 

combustion process of biodiesel were similar to that of diesel fuel. This 

result is consistent with the research results of simulation and 

experiment in the thesis. 

FUTURE WORKS  

 Study the effect of fuel supply on diesel performance when using 

biodiesel. Research on material compatibility and durability of engine 
components using biodiesel fuel from rubber seed oil. 
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