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Abstract  Original Research Article 
 

Fatty acid methyl ester (FAME) is the most attractive alternative fuel for diesel engines which could resolve ongoing 

concerns about environmental issues and sustainable energy due to its carbon-neutral characteristic. The main 

objective of this research was to generate fundamental data on ignition delay and combustion characteristics of FAME. 

Experiments were carried out in a constant-volume combustion vessel under diesel-engine conditions to study the 

effects of temperature and pressure on ignition delay and combustion characteristics. Several kinds of BDF fuels 

(biodiesel fuel or FAME) produced from waste edible oil and having different properties were tested and compared to 

a standard gas-oil. The experimental results show the strong influence of temperature and pressure on the ignition and 

combustion processes for the tested fuels. It is shown that (i) the fresh BDF exhibits a longer ignition delay than the 

gas-oil (conventional diesel fuel), (ii) a small amount of isopropyl alcohol as an additive in BDF promotes the ignition, 

(iii) the oxidized BDF with acid value changed from 0.1 for the fresh one to 0.22 (KOHmg/g) has a shortened ignition 

delay, to almost the same as standard gas-oil, and (iv) the blend of BDF with twenty percent by volume to gas-oil 

results in a reasonable ignition delay. Additionally, the results at pressure 2MPa, which simulates conditions of PCCI 

(premixed charge compression ignition) engine operations in future engine trends, present two-stage ignition and low-

temperature combustion characteristics for both BDF and gas-oil. These findings help improve considerations for the 

optimal design and operation of diesel engines fuelled with FAME.  

Keywords: Ignition Delay, Diesel-Engine Combustion Characteristics, Biodiesel Fuel, Constant-Volume Vessel. 
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INTRODUCTION 
For decades, petroleum has been the main 

energy source for internal combustion engines and has 

played an important role in contributing to world 

economic development. This fuel source has 

widespread popularity based on its advantages of high 

energy density, ease to use, and low cost compared to 

alternative fuels. However, petroleum products have 

caused serious problems to the environment such as 

global warming and air pollution. Recently, the 

increased consumption of fossil fuels has led to the 

near-exhaustion of these natural resources. Many 

alternative fuels have been applied to decrease the 

usage of petroleum, and intensive efforts have been 

made to reduce the total emissions from diesel engines. 

Utilizing biomass resources may be the most promising 

solution, which particularly benefits the environment 

and protects resources as well. Fatty acid methyl ester 

(FAME) or biodiesel fuel (BDF) is recognized as the 

most promising candidate among alternative fuels. 

 

Many researchers have concentrated on 

biodiesel fuels for their advantages such as its 

renewability; its biodegradability; and carbon neutrality 

[1]. Biodiesel fuels are produced from many renewable 

sources such as soybean oil [2], rapeseed oil [3], palm 

oil [4,5], jatropha curcas oil [6,7], waste cooking oil 

[8,9], and animal fat [10,11]. Direct use of such 

vegetable oils and its blends in diesel engines was 

reported to have many problems due to high viscosity 

and high phosphorous content [12,13]. To overcome 

these problems, the chemical reaction termed 

transesterification was applied to modify vegetable oils 

into vegetable oil esters. They are suitable for diesel 

engines and defined as FAME or BDF fuel.    

 

Researchers have applied BDF and its blend 

directly to diesel engines without any modification [14-

20]. In general the combustion products of BDF were 

reported with lower emissions of regulated-gases such 

as carbon monoxide (CO), hydrocarbon (HC), 

particulate matter (PM), and smoke in comparison with 
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standard diesel fuel, while the engine performances 

were reported unchanged [6,14] or slightly lower [20-

22]. However, many works have also concerned the 

increasing of nitrogen oxide (NOx) emission by 

applying BDF [10,23]. Some researchers indicated that 

NOx emission was greatly affected by engine 

characteristics (engine design) and fuel properties [24]. 

In general, the NOx emissions results for biodiesel fuels 

derived from soybean or rapeseed oils with low cetane 

number, often gives higher NOx emissions, while the 

results for fuels from other sources like palm or 

jatropha curcas oil are similar compared to conventional 

diesel fuel [6]. The researchers have pointed out that the 

solution overcoming the problems of NOx is by 

controlling advance injection time [3,24]. However, the 

researchers in the field of combustion did not have a 

sufficient amount of fundamental data on the strong 

effect of fuel properties on ignition and combustion 

characteristics. 

 

In Kyoto city, waste edible oils from general 

households, restaurants and cafeterias have been 

collected and used to produce biodiesel since 1997 [8]. 

This activity has many benefits such as recycling waste 

edible oil, reducing automobile emissions, reducing 

carbon dioxide emissions, improving people awareness 

of environmental issues and vitalizing local 

communities. Biodiesel fuel produced from this waste 

edible oil is currently used for most garbage trucks and 

some of municipal buses. The application of this fuel 

was reported to contribute to a reduction in carbon 

dioxide (CO2) of about 4,000 tons per year.  Our 

previous paper investigated the influences of BDF from 

waste edible oils for short-term and long-term 

application on commercial vehicles with different 

engine systems, in which the solutions for trouble and 

improvement measures have been examined [8]. 

However, the information of functional parameters 

correlated to the control of ignition and combustion 

processes was required for future engine systems.  

 

The main objective of this research was to 

provide the fundamental data of ignition delay and 

combustion characteristics of various BDF fuels and to 

compare them against those of standard gas-oil 

(conventional diesel fuel). Experiments were conducted 

in a constant-volume combustion vessel under diesel-

engine conditions to study the effects of temperature 

and pressure on the ignition delay and combustion 

characteristics. High-speed shadowgraph photography 

was applied to analyze spray penetration, flame 

development and combustion phenomena. Based on the 

obtained data, the ignition and combustion 

characteristics of these fuels were discussed with 

emphasis on the mixture formation and heat release 

rate. 

 

 

 

 

EXPERIMENTAL SETUP  
Constant-Volume Combustion Vessel 

In this research, the experiments for ignition 

delay and combustion characteristics of BDFs were 

carried out in a constant-volume combustion vessel. 

The special vessel was applied to generate and simulate 

a high temperature and high-pressure environment like 

diesel-engine combustion occurring near top dead 

center (TDC). The vessel in this research was made 

similar to the vessel in previous papers [25,26]. 

 

 
Fig-1: Cross section of constant-volume vessel 

 

Figure 1 shows a schematic of the cross-

section of the combustion vessel for this study. The 

chamber is 80 mm in diameter, 30 mm in depth with a 

volume of approximately 150 cm
3
 and fitted with quartz 

windows on both sides for optical accessing. The six 

important parts needed to simulate diesel combustion 

are also indicated in this figure. These include an intake 

valve for induction of a premixed gas into the 

combustion chamber; an exhaust valve for removing 

burned-gas; a spark plug for igniting the premixed 

charge; a mixing fan (stirrer) used to maintain a 

spatially uniform temperature in the chamber before the 

fuel injection; a single-shot injector and a pressure 

transducer. Fuel was supplied by common-rail system 

and injected to the chamber by single-shot injector 

mounted at the top of the chamber. The pressure of the 

combustion chamber was measured by piezoelectric, 

absolute pressure transducer (Kistler 6052A). The 

pressure obtained was used to calculate ignition delay 

and heat-release rate [26]. Fuel spray penetration and 

flame development were visualized and recorded by 

high-speed shadowgraph using digital camera Phantom 

v.7. To reduce vapor condensation on the combustion 

windows and to get high quality shadowgraph images, 

these windows were heated up to 230°C before each 

experiment. In this research, camera was controlled to 

record at a speed of 10,000 fps and exposure time 30 

µs. 
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Experimental Procedure 

The two step combustion discussed previously 

by Siebers DL and Naber et al. [27,28] is used to 

simulate diesel TDC combustion processes in the 

constant-volume combustion vessel. To start the 

experiment, premixed gas (C2H4, H2, O2 and N2) 

prepared in a mixing tank is introduced into the 

combustion chamber through the intake valve, and 

ignited by spark plug. The initial pressure of premixed 

combustible gas is selected to obtain the requirement of 

temperature (Ti), pressure (pi), oxygen mole-fraction 

(rO2) similar to diesel-combustion near TDC. The vessel 

temperature is determined as a thermodynamically 

averaged temperature by a knowing initial temperature, 

initial pressure and composition of the premixed gas 

before ignition [26,28]. After the premixed charge 

combustion, the pressure decays because of the heat 

transfer to the walls. When the desired temperature and 

pressure are obtained, a signal is sent to common-rail 

system to actuate the injector. After a delay period, 

injected fuel autoignites and burns in an appropriate 

environment. To eliminate large temperature variations 

in the combustion chamber and to ensure homogeneous 

conditions before injection, a mixing fan is run 20 

seconds before the ignition of the premixed combustible 

gas.  

 

The experiments were conducted with five 

kinds of BDFs and standard gas-oil. For all 

experiments, fuel was injected at a fixed injection 

pressure of 80 MPa by using a single-hole nozzle with 

diameter (dN) of 0.22 mm. The fuel quantity controlled 

by adjusting the injection duration time was selected to 

obtain an equivalence ratio ( ) of 0.22 at Ti = 800 K 

and pi = 4 MPa for every tested fuel, and the injection 

duration was fixed irrespective of temperature and 

pressure. As a base condition, the oxygen concentration 

or mole-fraction of oxygen (rO2) in the vessel was set to 

21%, the pressure (pi) was fixed 4 MPa and the 

temperature (Ti) was varied in the range 600-1200 K. At 

the later part of experiment, the pressure was reduced to 

2 MPa for the fresh BDF (BDF1) and gas-oil to 

investigate the effect of pressure on the ignition and 

combustion characteristics. Furthermore, shadowgraph 

images were taken at Ti = 700 K, pi = 4 MPa to 

investigate spray penetration, flame development and 

mixture formation for BDFs and gas-oil.  

 

Fuels 

Five kinds of biodiesel fuels were tested in this 

research. They include (1) BDF1, the fresh BDF from 

waste cooking oil without additive; (2) BDF2, the fresh 

BDF with 3 percent IPA (isopropyl alcohol) as an 

additive for improving fluidity at low-temperature and 

aclube146
R 

(Sanyo Chemical Industries, Ltd.) as an 

anti-oxidation additive; (3) BDF3, the aged and 

oxidized BDF with acid value [mgKOH/g] of 0.22 

compared to 0.1 for the fresh one; (4) Blend BDF, with 

blend by volume of 20 percent BDF1 and 80 percent 

gas-oil; (5) Blend BDF3, with blend by volume of 20 

percent BDF3 and 80 percent gas-oil. These BDF fuels 

were produced from waste cooking oil via the well-

refined transesterification process [8].  

 

Table-1: Properties of tested fuels 

Fuel BDF1 BDF2 BDF3 BlendBDF1 BlendBDF3 Gas-oil 

Density (15
0
C) g/cm

3
 0.8851 0.882 0.8865 0.8434 0.844 0.825 

Viscosity (30
0
C) mm

2
/s 4.532 4.416 4.756 3.437 3.478 3.281 

Flash point (
0
C) 180.5 30.5 150.5 91.5 86.5 67 

Cetane Number  52.3 - - - - 55-60 

Distillation (
0
C) 0 312 88 89 210 205 165 

 5 332 94 330 235 234 185 

 10 336 329 335.5 249 249 205 

 50 340 339 340 296.5 296 280 

 90 345 349 344 340 340 330 

 98 348 352 345 353 352 350 

Acid number KOHmg/g 0.1 0.12 0.22 - - - 

Oxidation stability hr 6.1 6.3 1.2 - - - 

Peroxide number meq/kg 3 3 75 - - - 
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Fig-2: Definition of ignition delay 

 

Table 1 shows the typical properties of tested 

fuels. In general, biodiesel fuels have higher density, 

higher viscosity, higher flash point and lower cetane 

number than gas-oil. With a small amount of IPA 

additive in BDF2, the flash point and distillation 

temperature at 5 percent changes drastically in 

comparison with the fresh BDF1 without additive. In 

comparison with other biodiesel fuels, physical and 

chemical properties of the oxidized BDF3 are altered by 

time resulting in increased viscosity, acid number, 

peroxide number and decreased oxidation stability. The 

change of fuel properties may greatly affect the fuel 

ignition delay and combustion characteristics.  

 

Ignition Delay Definition 

Ignition delay or the process of autoignition is 

the most important fundamental parameter in the 

control of the combustion processes in direct-injection 

diesel engines. Generally, ignition delay is defined as 

the time (or crank angle) between the start of injection 

and the start of heat release. In this research, pressure 

recovery delay was applied to define ignition delay (τ) 

for tested liquid fuels and described detail in Fig. 2 with 

the results for standard gas-oil. Ignition delay or 

pressure-recovery delay was defined as the time from 

start of injection until the pressure in the vessel rises to 

just above pa, (pf - pa >0). In this figure, the dashed line 

pa displays pressure history generated by burning 

combustible premixed gas, and the solid line pf 

indicates the actual chamber pressure with fuel 

injection. During this time, fuel is continuously injected 

and vaporized, at the same time both physical and 

chemical processes take place. The physical process 

involves atomization, vaporization and fuel-air mixing 

phenomena, while the chemical process is related to 

temperature, pressure, fuel properties and oxygen 

concentration.  

 

RESULTS AND DISCUSSIONS 
Results and discussion are mainly divided into 

three parts. In the first part, we discuss spray 

penetration and development for BDF1, BDF2, BDF3 

and gas-oil based on the visualization data. In the 

second, we concentrate on the discussion of 

spontaneous ignition and combustion characteristics for 

different neat and blend BDFs with the variation of 

temperature. Moreover, in the final part, we focus on 

the effects of pressure on ignition and combustion 

characteristics. 

 

 
Fig-3: Spray-penetration lengths of BDF1, BDF2, BDF3, and gas-

oil. Chamber temperature and pressure are 700 K and 4 MPa, 

respectively 

 

Penetration and Development of Fuel Sprays  

Prior to the main discussion on ignition delay 

and combustion characteristics of biodiesel fuels, spray 

penetration and flame development of fresh BDF with 

and without additive (BDF1 and BDF2), of the oxidized 

BDF3 and of gas-oil are discussed. Shadowgraph 

images were used to analyze spray penetration length, 

mixture formation, and flame development for these 

fuels. The experiments were conducted at Ti = 700 K, pi 

= 4 MPa, pj = 80 MPa, dN = 0.22 mm and rO2 = 21 %. 

 

Figure 3 presents the penetration length of 

reacting liquid fuel sprays. The graph displays the 

penetration length for various BDF fuels and gas-oil 

sprays, xt, versus the time from injection start (t). In this 

figure, high viscosity and high density of BDF fuels can 

be visually observed by slightly shorter xt values than 

gas-oil. In more detail, all of the tested BDFs indicate 

shorter xt than gas-oil as t < 0.4 ms. Thereafter, the 

penetration length of BDF2 and BDF3 sprays are 

almost the same as those for gas-oil and they reach the 

vessel wall at an identical time. For BDF1, exhibited 

spray penetration length is shorter due to poor 

atomization and slow evaporation. The difference of xt 

among BDFs suggests that the chemical compositions 

of BDF2 and BDF3, altered by the additive and the 

oxidation reaction, also affected the atomization 

process. 

 

Shadowgraph photos in Fig. 4 shows spray 

penetration and flame development to provide more 

explanations about the effects of fuel properties on 

mixture formation and combustion process for the 

tested fuel. The differences of spray penetration, spray 

configuration and flaming region were recorded and 

illustrated on the shadowgraph images. In Fig. 4, every 

row corresponds to an individual fuel, and demonstrates 

the spray penetration and development from the start 

until the end of injection time with an image time 

interval of 0.5 ms.  
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Fig-4: Shadowgraph images of spray penetration and development of BDF1, BDF2, BDF3, and gas-oil at the base condition. Chamber 

temperature and pressure are 700 K and 4 MPa, respectively 

 

The observation result shows a slightly 

different profile of shade density and flame luminosity 

for different BDFs and gas-oil photos at every column. 

At t = 0.5 ms (the second column photos from left), 

BDF2 and BDF3 sprays exhibit similar shade profiles 

while the results of BDF1 and gas-oil sprays show a 

slight difference. At this time, the image of gas-oil 

spray shows a small amount of evaporation at the shear 

layer. At t = 1 ms, the differences of mixing and 

evaporation processes for the tested fuels can be easily 

separated by different spray-density superimposed on 

shadowgraph images. The high density and high 

viscosity of BDF1 and BDF2 sprays show slow 

evaporation with a very dark spray-core. The narrow 

range of higher distillation temperatures in biodiesel 

fuels may also retard the evaporation at lower 

temperature. For BDF3 and gas-oil, the injected fuels 

are observed to be evaporated and mixed with 

surrounding air at the area around 50 mm from the 

nozzle exit, where the bulk of hot air is entrained into 

the spray core through a shear layer. At t = 1.5 ms, all 

fuel-spays have developed and reached to the vessel 

wall. At this time, the different evaporation and mixing 

processes can be easily distinguished for different liquid 

sprays. For BDF1 and BDF 2, the mixing area is just 

around the spray tip attaching to the vessel. For gas-oil 

and BDF3, the evaporation and well-mixing of fuels 

penetrates over the downstream of sprays. Therefore, 

mixture formation of BDF3 and gas-oil may occur 

earlier than that of BDF1 and BDF2. The well-mixing 

process and accumulated fuel during ignition delay may 

cause rapid heat-release in correlation with luminous 

flames at the time near injection end of t = 3.2 ms.    

 

Effects of Temperature on Ignition Delay and 

Combustion Characteristics for Various BDFs and 

Gas-oil at 4 MPa 

In diesel-combustion conditions, previous 

researches with other fuel-sprays have found the great 

effect of temperature on ignition delay. This 

dependence is associated with mixture formation and 

chemical kinetics processes during autoignition. In this 

part, we discuss the effects of temperature (Ti) on the 

ignition delay (τ) and combustion characteristic for 

various BDF fuels and compare to that of gas-oil at the 

base condition.  

 

 
Fig-5: Effects of Ti on τ for pure BDF1, BDF2, BDF3, and gas-oil. 

Chamber pressure at injection time is 4 MPa. Graphs are shown 

separately for clarity. 

 

Figure 5 shows the effect of Ti on τ for 

different biodiesel fuels of BDF1, BDF2, BDF3 and 

gas-oil at pi = 4 MPa. The result is drawn as an 

Arrhenius form to present the importance of chemical 

kinetics. The tested BDFs and gas-oil exhibit similar 

ignition delay trends: As temperature decreases, 
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ignition delay slightly increases at higher Ti but largely 

increases at lower Ti. In comparison with gas-oil, BDF1 

(fresh BDF) exhibits almost the same values of τ at Ti 

higher than 850 K, whereas a longer τ at lower Ti 

showing the lower cetane number of the biodiesel fuel. 

Among BDF fuels, BDF1 with its high density and 

viscosity displays the longest ignition delay with 

especially slow evaporation and mixing process as in 

the previous discussion for these fuels. In addition, it is 

noted that both fuels hold the same slope in Arrhenius 

curve at lower Ti, representing almost the same identical 

activation energy of chemical reaction. A small amount 

of IPA and aclube146 in BDF2 may promote ignition to 

make τ shorter than BDF1, but still much longer than 

gas-oil at Ti < 850 K. The difference in τ between BDF1 

and BDF2, however, is only slight despite a very low 

flash point of BDF2. In contrast, the oxidized biodiesel, 

BDF3, produced from the same process and the same 

source as other BDFs in this research, exhibits much 

shorter ignition delay and even shorter than gas-oil in 

the whole range of Ti. The oxidized BDF3 has very high 

peroxide number, which is 25 times higher than that for 

fresh biodiesel fuels. Hydro-peroxides in BDF3 may 

easily tend to decompose to free radicals, which initiate 

ignition and promote combustion. In addition, such 

peculiar kinetics of BDF3 possibly results in a higher 

slope of Arrhenius curve or larger activation energy at 

lower Ti, which may affect the combustion processes. In 

previous discussion of spray penetration and flame 

development, BDF3 showed faster evaporation and 

mixing processes than BDF1 and BDF2, which may 

also elevate ignitability.  

 

 

 
Fig-6: Effects of Ti on τ for blend BDF1, blend BDF3, and gas-oil. Chamber pressure at injection time is 4 MPa. Graphs are shown separately 

for clarity 

 

Figure 6 shows ignition delays for other tested 

fuels, the blend BDF1 and the blend BDF3. Ignition 

delay trend for these blend BDFs is quite similar to the 

neat ones. In this figure, the 20 percent BDF1 blended 

to gas-oil slightly prolongs ignition delay compared to 

the standard gas-oil at Ti < 800 K. At higher 

temperature, however, the ignition delay trend of blend 

BDF1 seems to be same as that of gas-oil. For the result 

of blend BDF3, the ignition delay is quite similar to 

gas-oil‟s, but it is slightly shorter at Ti higher than 800 

K and longer at Ti lower than 700 K. 

 

The results in Fig.5 and Fig. 6 show that a 

reasonably short ignition delay of 1 - 2 ms for engine 

application can be obtained at Ti around 700 - 800 K for 

BDFs and gas-oil. This temperature seems a little lower 

than TDC temperatures in direct-injection compression 

ignition engines [29]. In this temperature range, the 

effects of fuel properties on ignition delay can be easily 

distinguished. For the other observation, the long 

ignition delay of BDFs (except BDF3) at temperatures 

under 800 K suggests that engines will be more difficult 

to ignite at cold-start conditions and may possibly give 

higher a misfire limit when they run with biodiesel fuel. 

However, under warm-up engine conditions or higher 

temperature [29], BDFs exhibit slightly shorter ignition 

delay than gas-oil.  
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Fig-7: Effects of Ti on dq/dt for various BDF fuels and gas-oil. Chamber pressure at injection time is 4 MPa. Graphs are shown separately for 

clarity 

 

Figure 7 shows the combustion histories, 

represented by the change of heat-release rate dq/dt for 

different BDFs and gas-oil at Ti = 700 K, 750 K and 

800 K.  The change of  with the variation of Ti in 

those fuels greatly influences the combustion processes. 

The heat-release rates shown in this figure demonstrate 

the combustion of tested fuels, with a typical ignition 

delay for diesel engine application with premixed and 

diffusive combustion, and a longer ignition delay with 

only premixed combustion. 

 

At Ti = 800 K, the typical progress of dq/dt is 

demonstrated for all fuels. The premixed combustion 

occurs after ignition delay  of around 1 ms, and its 

peak increases with . After a certain period of 

premixed combustion, the diffusive combustion is 

followed by a peak at the injection end. Particularly in 

BDF3, a shorter ignition delay suppresses the premixed 

combustion to make the period of diffusive combustion 

longer. Although similar trends of typical progress of 

dq/dt are observed at Ti= 750 K, only BDF1 has a much 

longer ignition delay of around 2 ms exhibits a larger 

degree of premixed combustion. At Ti = 700 K, 

however, the injected fuels are well mixed with air 

during the longer ignition delay, and then show only 

premixed combustion. In addition, except for neat 

BDF3 and gas-oil, ignition delay becomes longer than 

the injection period, at 4 ms, resulting in a very slow 

combustion. 

 

Effects of Temperature on Ignition Delay and 

Combustion Characteristics for BDF1 and Gas-Oil 

at 2MPa 

Pressure (pi) is the other parameter that 

strongly affects the ignition in diesel engines. In this 

section, we focus on studying effects of pressure (pi) on 

ignition delay and combustion characteristics for BDF1 

and gas-oil. Experiments were conducted at a low 

pressure of 2 MPa with temperature variation from 600 

to 1200 K. In addition, this condition was conducted 

with the purpose to simulate premixed-charge 

compression ignition (PCCI) conditions for future 

diesel engine trends.  

 

 
Fig-8: Effects of Ti on τ for BDF1 and gas-oil. Chamber pressure 

at the injection time is 2 MPa. 
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Figure 8 shows ignition delay for BDF1 and 

gas-oil at pi = 2 MPa. Both fuels exhibit similar ignition 

delay trends: As pressure decreases to 2 MPa, ignition 

delay greatly increases. In addition, ignition delay 

curves of BDF1 and gas-oil in Fig. 8 are observed to 

have significant differences in comparison with their 

respective results at pi = 4 MPa (in Fig. 5). In addition, 

the result in Fig. 8 shows a „bend‟ in ignition delay 

curves for both BDF1 and gas-oil, which reflects the 

effects of cool flame or negative temperature coefficient 

(NTC) regime on ignition and combustion for the tested 

fuels.  

 

 
Fig-9: Effects of Ti on pressure rise and dq/dt for BDF1 and gas-oil. Chamber pressure and fuel injection pressure are 2 MPa and 80 MPa, 

respectively 

 

The “bend” in the ignition delay curves in Fig. 

8 is caused by a change in ignition characteristics. 

Figure 9 shows pressure histories and rates of heat-

release starting from the time of injection for several 

temperatures around the “bend” in ignition delay curves 

of BDF1 and gas-oil. The pressure histories for these 

two fuels have exhibited two-stage ignition for 

temperature around and lower than 900 K, but not for 

the highest temperature of around 1000 K does not.  

The first-stage ignition appears as a small pressure rise 

after the initial pressure drop from fuel evaporation. 

The second or main stage ignition follows a short time 

later with a large pressure rise. In other words, five to 

twenty percent of the total heat-release rate occurs 

during an initial delay period. This initial release is 

followed by a slowing of reactions over a second delay 

period, the end of which is marked by sudden release of 

the remaining heat. Furthermore, the results in Fig. 9 

also show that the diffusive combustion occurs for 

temperature higher than the „bend‟ temperature in 

ignition delay curves. At temperatures from 750 to 900 

K for „bend‟ temperature, combustions are observed 

with rapid heat-release increase during premixed 

combustion and followed by minor diffusive 

combustion. For the lower temperatures, BDF1 and gas-

oil exhibit with only premixed stage combustion.  

 

 

CONCLUSION 
The ignition delay and combustion 

characteristics of neat and blend FAME fuels were 

fundamentally studied in this research under direct-

injection compression-ignition conditions. All 

experiments were carried out in a constant-volume 

combustion vessel with variable temperature and 

pressure. From the obtained results, we conclude as 

follows: 

 

Temperature and pressure greatly affect the 

ignition delay and combustion characteristics of the 

tested fuels.  Ignition delay increases as temperature 

and pressure decrease.  

 The fresh biodiesel fuels with and without additive 

exhibit longer ignition delay than gas-oil. In 

addition, the high viscosity and high density of 

BDFs have been observed in the results to slow 

evaporation and slow mixing process.  

 A small amount of isopropyl alcohol and aclube146 

serves to promote ignition capability. These 

additives may possibly help BDF easily evaporate 

and mix with the hot air in the combustion chamber 

at the low temperature conditions. In addition, 

hydro-peroxides in oxidized BDF3 promote 

ignition and combustion. From this point of view, 

the BDF fuels produced from different sources will 
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have different ignition and combustion 

characteristics. 

 The blends of 20 percent BDF fuels by volume in 

gas-oil do not much affect to ignition delay and 

combustion characteristics in comparison with the 

standard gas-oil. This suggests that a blend 

percentage of less than 20 percent of BDF fuel can 

be used in direct-injection diesel engine without 

problems in controlling combustion system. 

 The ignition and combustion for both BDF and 

gas-oil at pressure 2 MPa are different compared to 

the diesel condition of 4 MPa, which features two-

stage ignition with low-temperature combustion. 
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