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ABSTRACT  
This paper presents the results of experiments carried out on DI diesel engine performance with COME-Triacetin(T) additive 

blends. Triacetin [C9H14O6] additive is used an anti-knocking agent along with the bio-diesel in DI- diesel engine. In the 

usage of diesel fuel and neat bio-diesel knocking can be detected to some extent. The T- additive usage in the engine 

suppressed knocking, improved the performance and reduced tail pipe emissions. Comparative study is conducted using 

petro-diesel, bio-diesel, and additive blends of bio-diesel on DI- diesel engine. Coconut oil methyl ester (COME) is used 

with additive Triacetin  at various percentages by volume for all loads (No load, 25%, 50%, 75% and full load). The 

performance of engine is compared with neat diesel in respect of engine efficiency, exhaust emissions. Of the five Triacetin- 

biodiesel blends tried, 10% Triacetin combination with biodiesel proved encouraging in all respects of performance. 
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1. INTRODUCTION 

The rising costs and increasing in pollution of 

petroleum-based fuels, coupled with global climate, 

are driving the search for carbon-neutral renewable 

alternatives. In view of this biodiesel is promising 

alternate fuel because it has several advantages—it is 

renewable, environmental friendly and easily 

produced in rural areas [1-3]. It is also commonly 

accepted that diesel engine emission can be reduced 

effectively by using oxygen alternative fuels, or 

potentially the addition of oxygen within the diesel 

fuel. Therefore, much research has focused on 

screening of oxygenated fuel additives, including 

alcohols, esters and ethers [4-5]. DMC (dimethyl 

carbonate) is an additive with the oxygen content of 

53.3%, which is usually used as an oxygenated 

additive to blend with diesel fuel to improve 

combustion and reduce emissions of diesel engines 

[6-8]. 

In this regard the present work was taken up to study 

the performance of D I diesel engine and reduce 

emissions with coconut oil methyl ester and triacetin 

additive blends at different percentages. Normally 

additives are used to boost the combustion hence 

improves fuel economy at lower emission rates from 

the engine. NOx emissions include high-pressure 

injection, turbo charging, and exhaust after 

treatments or the use of fuel additives, which is 

thought to be one of the most attractive solutions [9-

11]. Diesel oil is a fuel derived from petroleum and 

consists mainly of aliphatic hydrocarbons containing 

8-28 carbon atoms with boiling points in the range of 

130-370°C. It is a blend of fractions of hydrocarbons 

heavier than those of the hydrocarbons in gasoline 

and with a lower H/C mass ratio, which determines 

the high emission of carbon compounds per unit of 

energy delivered to the engine. 

Commercially available diesel oil is a combination of 

fossil diesel and several additives, which are added in 

different amounts to perform specific functions. 

Among them, there are additives to (1) reduce 

pernicious emissions; (2) improve fluid stability over 

a wider range of conditions; (3) improve the viscosity 

index, reducing the rate of viscosity change with 

temperature; (4) improve ignition by reducing its 

delay time, flash point, and so forth; and (5) reduce 

wear with agents that adsorb onto metal surfaces and 

sacrificially provide chemical-to-chemical contact 

rather than metal-to-metal contact under high-load 

conditions. There is also an increasing trend to use 

blends with biomass products such as vegetable oil, 

ethanol, and biodiesel by increasing the use of 

alternative fuels. 

 Blends of diesel and biodiesel usually require 

additives to improve the lubricity, stability, and 

combustion efficiency by increasing the Cetane 

number. Blends of diesel and ethanol (E-diesel) 

usually require additives to improve miscibility and 

reduce knock. Diesel additives can also be classified 

according to the purpose for which they are designed. 

Preflame additives are designed to rectify problems 

that occur prior to burning and include dispersants, 

pour point depressants, and emulsifiers, which act as 

cleaning agents. Flame additives are used to improve 

combustion efficiency in the combustion chamber, to 

increase cetane number, to reduce the formation of 

carbon deposits, to avoid oxidation reactions and 

contamination of fuel and filters clogging by rust, and 

to inhibit potential explosions caused by changes in 

static electricity [12]. Postflame additives are 

designed to reduce carbon deposits in the engine, 

smoke, and emissions [13]. The phenomenon of 

engine knock has been a major limitation for diesel 

engines since the beginning of their evolution. 

Engine knock has its name from the audible noise 

that results from auto ignitions in the unburned part 

of the gas in the cylinder or initially accumulated fuel 

during first phase of injection. The most probable 

locations for harmful self-ignitions lie in proximity of 

hot surfaces, i.e., piston and cylinder walls, and in the 

largest possible distance from the spark plug or 

injector. This can be explained by the concept of the 

pre-reaction level. In this notion, the auto ignition is a 

result of the chemical state of unburned gas 

exceeding a critical level in which enough of highly 

reactive radicals are formed, leading to a spontaneous 



                                International Journal of Advanced Engineering Research and Studies    E-ISSN2249–8974 

IJAERS/Vol. I/ Issue I/October-December, 2011/217-221 

ignition. This pre-reaction level, being proportional 

to the concentration of radicals, increases over time, 

primarily under the influence of high temperatures 

and secondarily, high pressures. 

The pressure in the cylinder can be assumed to be 

spatially constant (it varies with time) since the speed 

of sound, at which the pressure is equalized, is 

several orders of magnitude larger than the speed of 

the flame propagation. In contrast, the temperature 

varies significantly within the cylinder volume. In the 

unburned gas, regions of the highest temperature 

levels are located in the boundary layers close to hot 

surfaces. In those regions the gas flow is slow and 

therefore the heat from the walls is transferred to a 

small volume during a long period of time. If the 

mass fraction of unburned gas at the time of auto 

ignition is large and its pre-reaction level is high (i.e., 

close to critical), several adjacent hot spots are 

ignited and merge to a fast expanding “reaction 

region” such that all of the highly reactive unburned 

gas burns almost at once. Under these conditions the 

chemical reactions spread [14] faster than the speed 

of sound, resulting insufficient pressure equalization. 

This in turn leads to shock waves and consequently to 

harmful pressure peaks in the cylinder. 

2. Experimentation: 

Experimental test rig details shown in table.1 and 

figure. 1 is used to conduct experiment as on the 

engine without modifications. Experiments were 

conducted with diesel, pure COME and COME with 

Triacetin [C9H14O6] additive at different percentages 

of blended for full load range of engine. During the 

test performance, exhaust emissions and smoke 

density parameters were measured by using 

instruments indicated in the diagram. Cylinder 

combustion pressures for each degree of crank angle 

were measured by engine data logger designed by 

Apex innovations, Pune, India. The software 

employed is C7112, which captures the combustion 

pressure data and converts it into the graphic form 

collecting crank angle history from the encoder and 

synthesizes with the real time pressure data. Fuel 

consumption is measured to calculate BSFC, fuel air 

ratio and thermal efficiency. Exhaust gas 

temperatures were also recorded for all loads. Delta 

1600-L exhaust gas analyzer(German Make) is used 

to measure CO2, CO, HC, NO in exhaust gases at all 

loads and graphs are drawn to analyze the emissions.   

Table 1.  Specifications of engine test rig 

 
3.0 RESULTS AND DISCUSSIONS 

The performance test results of the engine compared 

for diesel, COME and COME - Triacetin additive 

blends for various percentages.  

• Brake Thermal Efficiency: Figure (2) gives the 

details of brake thermal efficiency versus load of 

neat diesel and blends. The figure shows that 

thermal efficiency is increasing with Triacetin 

additive percentage even though calorific value 

of additive is low compared to the main 

biodiesel. This is due to improved rate of 

combustion with additive. At 10% Triacetin 

blend yielded better thermal efficiency curve as 

observed at higher loads by considering other 

factors like engine vibrations due knocking. 

• Brake Specific Fuel Consumption: Figure (3) 

envisages that the BSFC of engine with different 

fuel versions and for 10% Triacetin blend the 

part load performance is observed better 

corroborating with the brake thermal efficiency . 

• Exhaust Gas Temperature: Marginal fall in the 

exhaust gas temperatures is observed from figure 

(4)  with respect to increase in the load on engine 

by using higher  percentages of Triacetin and this 

may be because of  lower heat release rates in the 

diffused combustion of lower calorific value of 

the blended fuel with triacetin.  

• Hydrocarbon (HC) Emission: HC emission 

reduces to maximum of 75% with the Triacetin 

blending which can be observed from the figure 

(5). At all percentages of tested blend fuels as the 

load on engine increases, the HC emission 

decreases.  

• Carbon monoxide (CO) Emission: CO emission 

also reduced by 50% [maximum] from figure (6) 

and tradeoff with other emissions has not been 

observed. 

• Carbon Dioxide (CO2) Emission: Reduction of 

nearly maximum 10% of CO2 emission with the 

biodiesel-Triacetin blend fuel is observed from 

figure (7) at higher loads on the engine.  

• Nitrogen Oxide (NO) Emission: NO emission 

decreases with the load on engine and especially 

more decrease can be observed at three fourth of 

full load. Nearly 28 to 29% maximum decrease 

in this emission can be observed from figure (8) 

with the Triacetin blends. 

• Engine smoke levels have decreased 

substantially with the COME-Triacetin additive 

blend fuel application at all loads as shown in 

figure (9). 

4. CONCLUSION 

• Reducing overall calorific value of the fuel 

by replacing bio-diesel with Triacetin 

additive, which is Cetane improver, has 

reduced NO emissions to reasonable extent. 

Hence by this additive application, the only 

set back is excess NOx with neat bio-diesel 

application can be contained. 

• There is no trade off between HC and NO 

emissions in blending biodiesel with 

additive. 

• It is observed that decrease in engine smoke 

when additive blends have been applied. 

This may be   because of the reduction in 
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carbon molecules of the blends applied in 

engine. 

• Triacetin blend fuels produced the mean 

effective pressures lesser than 6.5 bar 

eliminating them in the knocking zone. The 

10% Triacetin blend, even though produced 

7.2 bar IMEP, can be regarded as safe 

marginally below the IMEP ranges of diesel 

and biodiesel at same speed.  

Fig.1. Schematic Diagram representing of the engine and instrumentation 

 
Fig.2. Variation of brake thermal efficiency verses load on engine 

 
                    Fig.3. Variation of bsfc verses equivalence ratio of engine 
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Fig.4. Variation of exhaust gas temperature verses load on engine 

 
Fig.5. Variation of hydrocarbon emission verses load on engine 

 
Fig.6. Variation of carbon monoxide emission verses load on engine 

 
Fig.7. Variation of carbon dioxide emission verses load on engine 
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Fig.8. Variation of NOx emission verses load on engine 

 
Fig.9. Variation of smoke level verses load on engine 
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