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Abstract— Fuel is an important parameter for the 

combustion and it depends on the behavior of flame. By 

using diesel and biodiesel blends as a fuel, study about the 

flame behavior and emission characteristics obtained. The 

results indicates that when use of the biodiesel as a fuel 

blend with the diesel fuel the ignition for biodiesel occurs 

earlier compare to diesel, the early phase of biodiesel 

combustion proceeds quicker compare to diesel. The flame 

lift off length (FLOL) for biodiesel is slightly longer 

compared to diesel. The sizes of particles generated from the 

combustion of biodiesel are smaller. Reduction in CO and 

HC emissions by use of biodiesel but there is increase in 

NOx emissions. There is less smoke produce by biodiesel 

blends. 
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I. INTRODUCTION 

Combustion is a chemical reaction between substances, 

usually including oxygen and usually accompanied by the 

generation of heat and light in the form of flame. 

Combustion encompasses a great variety of phenomena with 

wide application in industry, the sciences, professions, and 

the home, and the application is based on knowledge 

of physics, chemistry, and mechanics; their interrelationship 

becomes particularly evident in treating flame propagation. 

Combustion is a process of heat release in exothermal 

reactions, which is accompanied by mass and heat transfer. 

Combustion can involve all phase of matter – solid, liquid, 

and gas. 

A flame comes from the Latin word flamma [19]. 

Flame is the visible, gaseous part of a fire. It is caused by a 

highly exothermic reaction taking place in a thin zone. 

Combustion, fire, and flame have been observed and 

speculated about from earliest times. Every civilization has 

had its own explanation for them. Two main regimes of 

combustion should be distinguished; strongly sub sonic 

regime, which is known as flame or deflagration, and 

supersonic regime of the reaction wave propagation known 

as detonation. 

All flames can be classified either as 

premixed flames or as flames that burn without premixing. 

 
Fig. 1: Flame 

Premixed flames combustion is most prominent with fuels 

that have been premixed with an oxidant, either oxygen or 

a compound that provides oxygen, for the reaction. 

The temperature of flames with this mixture is often several 

thousand degrees. The chemical in such flames occurs 

within a narrow zone several micrometers thick. This 

combustion zone is usually called the flame front. 

Diffusion flames, smoothly flowing (laminar) or 

turbulent, belong to the class of flames whose ingredients 

are not mixed prior to entering the burning zone. Molecular 

or turbulent diffusion is responsible for the mixing of the 

gases in such flames. The distribution of the combustible 

material and of oxygen over various flame cross sections is 

regular in laminar flames but becomes much more 

complicated in turbulent gas flows. The transition from 

laminar to turbulent flames occurs at a certain point of the 

flow and depends upon the actual conditions. [17] 

Fuels are divided into three ways, as solid, liquid or 

gas. Solid fuels like wood, coal, peat, charcoal, coke etc, 

liquid fuels like gasoline, diesel, kerosene, methanol etc and 

gaseous fuels like natural gas, hydrogen, coal gas, blast 

furnace gas, LPG, CNG etc. 

The advantages of liquid fuels are: 

 Liquid fuels have more calorific value than solid 

fuels. 

 Liquid fuels generally do not leave any ash while 

solid fuels leave ash after burning. 

 Liquid fuels have lower ignition temperature than 

solid fuels. 

 Liquid fuels are generally lesser pollutants than 

solid fuels. 

 Handling of liquid fuel is easy and they require less 

storage space. 

 The combustion of liquid fuel is uniform therefore 

the change in load can be easily met by controlling 

the flow of fluid. 

Biodiesel is one type of liquid fuel. Biodiesel refers 

to a vegetable oil - or animal fat-based diesel fuel consisting 

of long-chain alkyl (methyl, ethyl, or propyl) esters. 

Biodiesel is typically made by chemically reacting 

lipids (e.g., vegetable oil, animal fat) with 

an alcohol producing fatty acid esters. 

Biodiesel is meant to be used in standard diesel 

engines and is thus distinct from the vegetable and waste 

oils used to fuel converted diesel engines. Biodiesel can be 

used alone, or blended with petro diesel in any proportions. 

Biodiesel blends can also be used as heating oil. 

Biodiesel is a domestically produced, renewable 

fuel that can be manufactured from new and used vegetable 

oils, animal fats, and recycled restaurant grease. Biodiesel’s 

physical properties are similar to those of petroleum diesel, 

but it is a cleaner-burning alternative. Using biodiesel in 

place of petroleum diesel significantly reduces emissions of 

toxic air pollutants. [17] 

Biodiesel is safe, biodegradable, and produces less 

air pollutants than petroleum-based diesel. It can be used in 

http://www.britannica.com/EBchecked/topic/108802/chemical-reaction
http://www.britannica.com/EBchecked/topic/436806/oxygen-O
http://www.britannica.com/EBchecked/topic/258569/heat
http://www.britannica.com/EBchecked/topic/340440/light
http://www.britannica.com/EBchecked/topic/287256/industry
http://www.britannica.com/EBchecked/topic/458757/physics
http://www.britannica.com/EBchecked/topic/108987/chemistry
http://en.wikipedia.org/wiki/Visible_spectrum
http://en.wikipedia.org/wiki/Gas
http://en.wikipedia.org/wiki/Fire
http://en.wikipedia.org/wiki/Exothermic
http://en.wikipedia.org/wiki/Chemical_reaction
http://www.britannica.com/EBchecked/topic/207750/fire
http://www.britannica.com/EBchecked/topic/209358/flame
http://www.britannica.com/EBchecked/topic/436806/oxygen-O
http://www.britannica.com/EBchecked/topic/108614/chemical-compound
http://www.britannica.com/EBchecked/topic/586581/temperature
http://www.britannica.com/EBchecked/topic/209374/flame-front
http://en.wikipedia.org/wiki/Vegetable_oil
http://en.wikipedia.org/wiki/Diesel_fuel
http://en.wikipedia.org/wiki/Alkyl
http://en.wikipedia.org/wiki/Methyl
http://en.wikipedia.org/wiki/Propyl
http://en.wikipedia.org/wiki/Ester
http://en.wikipedia.org/wiki/Alcohol
http://en.wikipedia.org/wiki/Fatty_acid_ester
http://en.wikipedia.org/wiki/Heating_oil


A Literature Review on Flame Behavior and Emission Characteristics of Biodiesel Blended Diesel Fuels 

 (IJSRD/Vol. 2/Issue 09/2014/140) 

 

 All rights reserved by www.ijsrd.com 616 

its pure form (b100) or blended with petroleum diesel. 

Common blends include b2 (2% biodiesel), b5, and b20. [18]  

Emission is a substance discharged into the air, 

especially by an internal combustion engine. 

Diesel exhaust is a complex mixture of gases and 

fine particles.  

The primary pollutants emitted from diesel engines 

include: 
 

 Particulate matter (PM) 

 Carbon monoxide (CO) 

 Nitrogen oxides (NOx) 

 Hydrocarbons (HC) 

 Volatile organic compounds (Vocs) 

Health studies show that exposure to diesel exhaust 

primarily affects the respiratory system and worsens asthma, 

allergies, bronchitis, and lung functions. There is some 

evidence that diesel exhaust exposure can increase the risk 

of heart problems, premature death, and lung cancer. [20] 

II. LITERATURE REVIEW 

Menkiel et al. [1] investigated combustion and soot processes 

for ultra-low sulphur diesel (ULSD) and rapeseed methyl 

ester (RME) fuels were investigated in an optically 

accessible high speed direct injection diesel engine (HSDI) 

using in optical and laser measurement techniques. They 

used high speed imaging techniques to study the distribution 

of spray flames, soot formation and oxidation. They 

determined that the ignition for RME occurs earlier 

compared to ULSD, and the early phase of RME 

combustion proceeds quicker compared to ULSD. The 

measured flame lift off length (FLOL) for RME was slightly 

longer compared to USLD. The longer FLOL results in 

relatively more entrainment of air upstream of lift-off, which 

causes the mixture distributions in RME sprays to be 

relatively leaner. The presence of fuel bound oxygen 

reduced the overall soot formation process of RME. The 

sizes of particles generated from the combustion of RME 

were slightly smaller. 

Hatler et al. [2] experimentally estimated the 

combustion and reaction rates from the flame surface 

density. They used Bunsen type burner fed with methane/air 

mixture for measurement in order they determine the local 

flame surface density experimentally. This burner, located in 

a high-pressure combustion chamber, allows investigation of 

turbulent premixed flames under various flow, mixture, and 

pressure conditions. The parameters of surface density may 

be estimated from algebraic expressions or by solving the 

mass balance equations. They resulted when the equivalence 

ratio is increased toward unity, the global flame length 

decreases, when Pressure is increased; the turbulent flame 

thickness is enlarged. The three-dimensional flame surface 

density from the flame surface density measured from two-

dimensional images. 

Lee et al. [3] presented the numerical study on spray 

and combustion characteristics of diesel and soy-based 

biodiesel in a CI engine. They study to investigate spray, 

combustion and emission characteristics of mixtures of 

diesel and soybased biodiesel in a CI engine. Measured tip 

penetrations and Sauter mean diameters (SMDs) of 

nonreacting sprays. Biodiesel shows spray characteristics of 

larger SMD’s, lower volatility and slower mixing with 

ambient air due to larger viscosity and surface tension. 

There is no noticeable difference in ignition delays of diesel 

and biodiesel, while flame propagates slower with slower 

evaporation and mixing for biodiesel. the results were the 

CO emission decreases with increasing fraction of biodiesel. 

NOx emission decreased with increasing biodiesel fraction 

for BD < 60 % due to lower LHV. NOx increased for BD > 

60 % due to the oxygen content in biodiesel. PM showed 

linear decrease with the biodiesel fraction for BD > 20 %. 

CO also decreased due to oxygen content and lower flame 

temperature. 

Yoshizaki et al. [4] investigated the characteristics 

of an evaporating diesel spray and the flame distribution in 

combustion chamber of a direct injection diesel engine by 

using laser light techniques. The characteristics of diesel 

spray and flame distribution have significant effect on the 

mixture formation and combustion process in D.I diesel 

engine. A laser based techniques was applied to the 

simultaneous imaging of the liquid phase region ang the 

vapour phase region in an evaporating diesel spray. The 

technique used was based on the extinctions of two 

wavelengths of ultraviolet and visible laser light. The 

transmitted laser light absorbed and scattered by the vapour , 

drops, soot and combustion products in the spray flame were 

separated into two wavelengths and captured. The effect of 

several engine variable such as the top clearance, the nozzle 

projection length and the cavity radius on characteristics of 

the spray and flame distribution observed. The fundamental 

data for analysing mixture formation process and the 

combustion process in a D.I diesel engine obtained. 

Som et al [5] studied the comparison of injector flow 

and spray characteristics of biodiesel with diesel. They 

determined that Combustion and emission characteristics of 

compression ignition engines strongly depend upon inner-

nozzle flow and spray behavior. Spray penetration and SMD 

was marginally higher for biodiesel, while cone angle was 

lower, which was attributed to its poor atomization 

characteristics. Liquid lengths were always higher for 

biodiesel because of its higher heat of vaporization. 

Biodiesel exhibits poor atomization characteristics 

compared to diesel. The cavitation’s and turbulence levels 

are significantly lower for biodiesel compared with those for 

diesel. 

 
Fig-: 2 Measured and predicted spray structures and FLOL 

for diesel and biodiesel at an ambient temperature of 1000 

K. [5] 
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The study of Spray and combustion 

characterization for internal combustion engines using 

optical measuring techniques done by Soid et al. [6] they 

investigated in this study the better way of controlling the 

combustion process. Thus ensuring optimum performance 

and minimum emission levels produced during the 

combustion process. For understanding of spray and 

combustion characteristics, study about microscopic and 

macroscopic parameters using optical techniques. 

The summary of study of spray and combustion 

using optical techniques: 

The study of DME – Methyl ester blends for 

application of injection and spray characteristics and 

analysis is shorter ignition delay period and injection 

duration, but higher the peak injection duration for lower 

blending ratio and also resulted that the DME evaporated 

more faster. 

The study of biodiesel for the application of spray 

and combustion development and effect of injection 

strategies, the analysis is stronger fuel impingement; longer 

tip penetration with increasing biodiesel. 

The study of biodiesel blends (RME) for the application of 

macroscopic injection parameters, the analysis is longer 

penetration, narrower cone angle, smaller spray volume due 

to high viscosity if RME. 

The study of biodiesel blends (RME) for the 

application of liquid phase fuel penetration , soot luminosity 

and time resolved intensified imaging, the analysis is fuel 

penetration linearly with blending rates also decrease of 

ignition delay for an increase of RME blend rate. 

They determine that by using visualization methods 

the macroscopic parameters can be determined, using the 

particle image velocimetry (PIV), laser induced fluorescence 

(LIF) and phase Doppler particle anemometry (PDPA) 

techniques, information can be found regarding the 

microscopic parameters.  

Spray combustion characteristics of palm biodiesel 

was studied by Chong et al. [7] they investigate of the fuel 

atomizing characteristics using phase Doppler anemometry 

(PDA). It shows that most droplets are distributed within the 

flame reaction zone region. Palm methyl ester (PME) 

droplets exhibit higher sauter mean diameter (SMD) values 

than baseline fuels, and thus higher droplet penetration 

length and longer evaporation timescales. PME swirl flame 

presents a different visible flame reaction zone while 

combusting with low luminosity and produces no soot. NOx 

emissions per unit energy are also reduced by using PME 

and the higher specific fuel consumption (17%). PME 

droplets show slightly higher SMD values than baseline 

fuels with higher droplet concentration and volume flux. 

The swirl flame generated from PME shoes a bluish, low 

luminosity flame without the yellow sooty region. From 

CH* chemiluminescence imaging, the PME flame shows a 

more intense localized heat release region than flame 

established from convectional fuels. The result about this 

study is the NOx emissions decrease when the compression 

ratio decreases but using of biodiesel increased NOx up to 

10 % because of high cetane number. So reducing the 

compression ratio and using biodiesel gives almost same 

value of NOx as that of diesel by controlling that 10% 

increase in NOx. It is found that at emission levels of blends 

smoke emissions of various blends are lower compared to 

diesel. 

Kuti et al. [8] investigated Characterization of spray 

and combustion processes of biodiesel fuel injected by 

diesel engine common rail system. The Mie-scattering 

technique was used for characterizing the evaporating spray 

formation process while the OH chemiluminescence 

technique was used used to determine the ignition and the 

lift-off length of the combusting flame. Two color 

pyrometry was applied to study the soot formation 

processes. The result obtained that due to higher boiling 

point, the BDF produced longer liquid phase length as 

compared to diesel. It was observed that the ignition region 

was larger for the 0.16 mm nozzle as compared to the 0.08 

mm. Due to the enhanced mixing processes, ignition delay 

decreased as the injection pressure increased. Higher cetane 

number and oxygen content of the BDF facilitated shorter 

ignition delay as compared to diesel. The BDF flame 

produced shorter lift-off length and lower percentage 

stoichiometry air. The oxygen content in the BDF produced 

less soot compared to diesel. 

Lee et al. [9] investigated Flame structures and 

behaviors of opposed flow non-premixed flames 

inmesoscale channels. In a mesoscale combustion space the 

study of flames. The stabilization limits and propane-air 

flames were compared for various experimental parameters. 

The flame extinction limits were classified into 

three types and their mechanisms wereinvestigated: higher-

strain-rate (HSR) extinction limit determined by the flame 

stretch, lower-strain-rate (LSR) extinction limit determined 

by the conductive or convective heat loss from the flame, 

and fuel-dilution- ratio (FDR) extinction limit determined by 

the decrease in the heat release rate from the flames. This 

study provides an essential model for the stabilization and 

extinction of non-premixed flames in mesoscale combustion 

spaces. 

Lapuetra et al. [10] studied on Effect of biodiesel 

fuels on diesel engine emissions. They analyze all the 

scientific journals about diesel engine emissions using 

biodiesel. The term biodiesel commonly refers to fatty acid 

methyl or ethyl esters made from vegetable oils or animal 

fats. 

They suggest that biodiesel fuels have higher 

lubricity than conventional fuels. The higher viscosity of 

biodiesel, which may affect the engine brake effective 

power, especially in full-load conditions. The higher bulk 

modulus and sound velocity of biodiesel, together with its 

higher viscosity lead to an advance start of injection. This 

jointly with any cetane number increase may slightly 

advance start of combustion. They also found that the 

thermal efficiency almost same. By using biodiesel there is 

increase in BSFC. The effective power at full load 

decreases. The CO and THC emissions decrease with 

biodiesel. There is increase of NOx emissions when using 

biodiesel fuels. There is also decrease in mean diameter of 

particle size distributions (PSDs). 

Karthik D et al. [11] studied Combustion and 

Emission Characteristics of Jatropha Blend as a Biodiesel 

for Compression Ignition Engine with Variation of 

Compression Ratio. In this study they used single cylinder 

direct injection diesel engine. The compression ratio 

reduced from 7.5 to 16.8:1 by increasing the bowl size of the 
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piston. M varman, M hazrat investigated the engine 

performance and emissions of diesel fuel and blends of 

Jatropha oil in different proportions and compared with 

diesel fuel. According to their study, engine torque and 

brake power for blend fuels are lower than diesel fuel 

whereas their BSFC values are higher than diesel fuel. 

Liaquatet al. [12] studied on Effect of coconut 

biodiesel blended fuels on engine performance and emission 

characteristics. They investigate the parameters without any 

engine modification using coconut biodiesel blend. They 

used 5 % coconut, 15 % coconut biodiesel and 100 % diesel 

fuels. It is observed that brake power of the engine increases 

with increasing engine speed until 2200 rpm and start to 

decrease due to the effect of higher frictional force. The 

engine brake power for biodiesel blends was found to be 

lower than diesel. The average increase in BSFC compared 

to diesel fuel is found as 0.53 % for CB 5 and 2.11 for CB 

15. The increase in exhaust gas temperature compared to 

diesel fuel at 2200 rpm. In case of engine exhaust gas 

emissions, HC and CO emissions were reduced, whereas 

CO2 and NOx emission increased for CB 5 & CB 15. There 

is reduced in sound level for both biodiesel blends. The 

result that CB 5 and CB 15 can be used in diesel engine 

without any engine modification and have beneficial effects. 

 

 

 
Fig. 3: CO, HC and NOx emission comparison. [12] 

Som et al. [13] presented numerical Study 

Comparing the Combustion and Emission Characteristics of 

Biodiesel to Petro diesel. They determined combustion and 

emission characteristics of compression ignition engines 

strongly depend upon inner-nozzle flow and spray 

behaviour. These processes control the fuel-air mixing, 

which in turn is critical for the combustion process. The 

observations are Liquid lengths were always higher for 

biodiesel because of its higher heat of vaporization. There is 

lesser amount of ambient air entrainment was observed for 

biodiesel fuel. Flame propagation speeds were observed to 

be similar for both fuels and NOx emission was higher for 

biodiesel. 

Fang et al. [14] studied about effects of ethanol-

diesel-biodiesel blends on combustion and emissions in 

premixed low temperature combustion. They studied for 

BD10, BDE10, BDE20 and pure diesel. They resulted that 

compared with diesel fuel, ethanol – diesel – biodiesel fuels 

blends have lower NOx emissions. Also lower combustion 

temperature and higher latent heat of vaporization. 

Unfortunately there is the lower combustion temperature 

also leads to the higher HC and CO emissions. 

Palash et al. [15] presented about the Impacts of 

biodiesel combustion on NOx emissions and they give 

approach to their reduction. The higher NOx emission 

produced for biodiesel combustion influenced by the 

physicochemical properties and moleculer structure of 

biodiesel, adiabatic flame temperature, ignition delay period, 

injection timing and engine load condition. They classified 

the NOx reduction techniques in two groups (1) pre 

combustion treatment and (2) post combustion treatment. 

In pre combustion techniques the exhaust gas recirculation 

(EGR) and retarded injection timing are effective and at loe 

cost techniques. EGR reduces the NOx emission at 5-25 % 

EGR rate adequately in bio fuelled engine by controlling 

oxygen content and combustion peak temperature with 

slightly decrease HC & CO. 

Water fuel emulations are more efficient for 

reducing NOx emissions because of low cost, greater 

reduction of smoke. But however they are inherently 

unstable and prone to phase separation, which may damage 

engine. 

III. CONCLUSION 

From the review of literature it the behavior of the flame and 

emission characteristics of diesel and biodiesel is obtained. 

It is different for the different biodiesel blends. 

 When using of the biodiesel as a fuel blend with 

the diesel fuel the ignition for biodiesel occurs 

earlier compared to diesel. 

 The early phase of biodiesel combustion proceeds 

quicker compared to diesel.  

 The flame lift off length (FLOL) for biodiesel is 

slightly longer compared to diesel.  

 The sizes of particles generated from the 

combustion of biodiesel are smaller.  

 Longer penetration, narrower cone angle, and 

smaller spray volume due to high viscosity of 

biodiesel.  

 Reduction in CO and HC emission by use of 

biodiesel. But increase in NOx emissions. There 

will be reducing in NOx emission by using ethanol-

diesel-biodiesel blends.  

 There is less smoke produced by biodiesel blend.  
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