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Experiments were conducted on diesel engine to study and measure the 
suitability of biodiesel (BD) and Turpentine (T) blend as a replacement for 
diesel fuel. The result shows that the performance of engine with various 
blends was found to be near to diesel. Emissions were improved and 
combustion characteristics were found to be comparable with diesel fuel. 
The maximum brake thermal efficiency obtained with BD70T30 blend fuel, 
which is 3.72% lower than that of diesel at full load, but the BSFC increases 
for blend fuels at part load and also same at full load. Carbon monoxide, 
Hydrocarbons and Smoke emissions were reduced by 75%, 65% and 62.3% 
respectively compared to diesel at full load, whereas nitric oxides were 
increased by 9.08% for BD70T30 blend fuel. Turpentine additive in Biodiesel 
offer decrease in viscosity and flash point that leads to complete combustion 
which increases power output. The performance and combustion features 
with reduced emissions are comparable to diesel and the blend fuel is 
capable of replacing C I engines diesel fuel. 
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1. INTRODUCTION  
Vegetable oils use in diesel engine has been identified as promising alternative fuel to diesel. Lack of 

technical feasibility and high cost of vegetable oils could not get acceptance as fuel. Vegetable oils are 

highly viscous, which can be reduced by converting into biodiesel to use as fuel in diesel engine. Turpentine 

oil is one such biofuel that can be used in diesel engine as an additive. Diesel fuel blended with 30% of 

Turpentine oil fueled (TPOF) in a diesel engine, produced higher brake power and net heat release rate with 

a net reduction in exhaust emissions such as CO, HC, NOx, smoke and particulate matter. Above 30% TPOF 

blends, developed lower brake power and net heat release rate because of lower calorific value but still 

emissions were reduced [1]. Specific fuel consumption decreases with 5% turpentine oil blend fuel, due 

faster evaporation and combustion of the blend particles as compared with pure diesel fuel [2]. The clove 

and turpentine oils used as a bio-additive fuel with diesel and concluded that decrease in fuel consumption, 

flow rate CO, HC and smoke emissions, this is due to containing more oxygen and the bulky structure of  
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compounds inside the bio-additive [3]. The heat release rate for bio-additives reduces as compared with 

 diesel [4]. Biobased fuel additives become more important when environmental concerns is considered. By 

using Pine oil as biofuel, the BSFC was 16.2% lower for 36% pine oil injection than 6% pine oil injection at 

100% load and peak heat release rate is maximum, cylinder pressure increased with the increase of pine oil 

injection at 100% load [5, 6]. 

The BSFC and BTE were improved with the increase in proportion of pine oil injection. Further, combustion 

of fumigated pine oil has been reported to be better, with 36% injection of pine oil shows 10.3% higher in-

cylinder pressure than that for 6% injection of pine oil at 100% load on engine [7]. Introduction of 

Turpentine oil as a primary fuel through induction manifold and diesel through conventional fueling device, 

the performance and emission parameters are better than those of diesel fuel within 75% load. The toxic 

gases like CO, UBHC are slightly higher, where as smoke reduction is obtained with dual fuel mode. The 

pollutant NOx is found to be equal to that of diesel fuel operation except at full load [8]. Jatropha biodiesel-

Wood Turpentine blends offered comparable performance and combustion features, reduced emissions 

and it is capable of replacing standard diesel in compression ignition engines. [9]. COME biodiesel with 10% 

Triacetin additive proved encouraging results in all respects of performance and emissions of the engine. 

Methyl and ethyl esters of Pongamia and Mahua oils at BD20 blend with diesel, of all results Pongamia oil 

methyl ester produces more power, but 13.2% less than diesel fuel at 3.22% more specific fuel consumption 

at maximum load [10,11].  In this paper palm oil is used to make biodiesel by transesterification process 

called palm oil Methyl Ester (POME). Experiments were conducted with Biodiesel and Turpentine oil at 

different percentages as blend fuel and the obtained results were compared with diesel fuel. 

2. MATERIALL AND METHODS  
2.1 Making of palm oil Methyl Ester 
Biodiesel is prepared from the Palm oil by using transesterification process. Filtered pure oil is acid treated 

with methanol and sulfuric acid to remove some of the fats as glycerin. In the base treatment methanol and 

NaOH (Sodium Hydroxide) are thoroughly mixed to form a clear solution called “Sodium Methoxide”. This 

solution is added to the acid treated oil and stirred along with heating at 60
0
C to neutralize sulfuric acid. 

When the solution turns into brown silky in colour, that shows the whole reaction is completed (Fig. 1). 

After settlement of mixture the bottom part of the glycerin is separated from the biodiesel. The obtained 

palm oil methyl ester (POME) is bubble washed with distilled water to remove soaps. Washing is repeated 

till the POME separated with clear water. Prepared POME is heated to remove water and formed biodiesel 

is tested for properties [12]. 

   
                        Fig. 1 Chemical reaction of Biodiesel formation                                               Fig. 2 Biodiesel (POME) 

 

2.2 Turpentine oil  

Mostly Turpentine oil is used in domestic and industrial applications. The studies on diesel engines with 

turpentine oil and biodiesel as blends gives better performance and lower emissions. Turpentine oil can be 

easily extracted from pine trees and can be used as a biofuel additive. Physically, it is a yellowish, opaque, 

colour less and water-immiscible liquid. Chemically, the turpentine oil is flammable, volatile, combustible 
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and it contains α–pinene 40% by weight in turpentine. This oil consists of 58–65% γ – pinene along with β– 

pinene and some other isometric terpenes. The properties such as viscosity, calorific value, and cetane 

number, are comparable to diesel, hence it can be used with biodiesel in any proportion to reduce the 

dependency on conventional fossil fuels. The emissions are at lower level with turpentine oil as compared 

to traditional diesel fuel. With minor changes in the engine design 60-65% of diesel fuel can be replaced 

with turpentine in dual fuel operation mode [13]. The performance of engine with turpentine oil such as 

specific fuel consumption, brake thermal efficiency, exhaust gas temperature and emission characteristics 

are found better as compared to diesel fuel [14]. The Turpentine oil used for experimental work is obtained 

from available paints shop in Warangal. 

3. EXPERIMENTATION 

Experiments were conducted on C I engine for diesel, biodiesel with Turpentine oil at 10, 20, 30 and 40 

percentages by volume to full load range of the engine. The experimental setup details are shown in Fig. 1 

with engine specifications in Table 1. The blend fuels were prepared with biodiesel and Turpentine oil as a 

bio-additive. The blends tested were BD90T10, BD80T20, BD70T30 and DB60T40 (60% biodiesel mixed with 

40% of Turpentine oil) as shown in Table 2. For the best performance results, stirring method is used to 

ensure uniform mixing of Turpentine oil with biodiesel.  A water cooled eddy current dynamometer is 

coupled to the engine for loading precisely. During the engine test, performance and emission parameters 

were measured. Exhaust temperatures and fuel consumption were also measured to calculate the 

performance of the engine. Exhaust gas analyzer was used to measure CO2, CO, HC, NOx emissions and 

compared the results with diesel fuel. 

 
                                                                          Fig. 3 Experimental setup details                                   

                                        Table 1. Engine details                                                     Table 2. Fuels used for Testing   

 
Fuel Percentage 
Diesel --- 
Biodiesel(BD) --- 
Turpentine --- 
BD90T10 90%BD+10%Turpentine oil 
BD80T20 80%BD+20%Turpentine oil 
BD70T30 70%BD+30% Turpentine oil 
BD60T40 60%BD+40% Turpentine oil 

4. RESULTS AND DISCUSSION  
4.1 Blend Fuel Properties 

Test fuels: The prepared blend fuels were tested for their properties. Stirring process was used to ensure 

uniform mixing of biodiesel with additive in the process of making blend fuels. Standard test procedure was 

Manufturer Kirloskar Make 

Engine 4stroke, Water cooled 

Dynamometer Eddy current type 

Rated power 3.68kW@1500 rpm 

Cylinder Bore 80mm 

Stroke length 100mm 

C R 16:1 

mailto:3.68kW@1500
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adapted to measure viscosity, flash point and calorific value. The viscosity and flash point values of blend 

fuels are gradually decreasing (Fig. 4, 5) and the calorific value increase as the percentage of Turpentine oil 

increases in the mixture as shown in Fig 6. Blend fuel viscosity decreases by 5, 8.1, 10.7, 14%; flash point 

decreases by 9.5, 17.7, 24.7, 34.2% and calorific value increases by 0.58, 1.1, 1.38 and 1.88% with the 

addition of 10, 20, 30 and 40% of Turpentine oil in biodiesel as compared to biodiesel properties 

respectively [15, 16]. Low viscosity makes combustion process easy for biodiesel to release total energy 

content with no unburned carbon, carbon monoxide and hydrocarbon emissions. Similarly low flash point 

makes fuel to catch fire instantaneously with no ignition delay and increase in calorific value is useful in 

giving more power output. 

  
          Fig.4 Viscosity variation of biodiesel blend fuels                  Fig.5 Flash point variation of biodiesel blend fuels                     

4.2. Performance Parameters 

4.2.1. Brake specific fuel consumption (BSFC): By running the engine with BDT blend fuels instead of diesel 

fuel, the BSFC increases with the percentage of Turpentine oil increase in biodiesel for the entire load range 

as shown in Fig. 7. The BSFC of BD70T30 is similar and very near to that of diesel fuel. Palm oil methyl ester 

has lower calorific value and as the content of POME increases in the blend fuel, the heating value reduces 

that leads to an increased BSFC for the same output. Further high density and viscosity leads to poor 

atomization and combustion, hence increased fuel consumption to deliver same output causes high BSFC.  

  
  Fig.6 Calorific values variation of biodiesel blend fuels                Fig.7 BSFC variation of biodiesel blend fuels 
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4.2.2. Brake Thermal efficiency (BTE): The brake thermal efficiency variations with respect to load of neat 

diesel and blend fuels are shown in Fig. 8. BTE of all blend fuels are lower than that of diesel. However, the 

thermal efficiency of blend BD70T30 is higher at lower load, but decreased at higher load. This is because of 

30% Turpentine oil contains lower calorific value in the blend fuel which releases less heat and high 

viscosity, reduced volatility of biodiesel lead to poor atomization and combustion. At higher loads to 

produce same amount of power more blend fuel is consumed, hence the BTE decreases as compared to 

neat diesel. The BTE of 30% Turpentine oil blend biodiesel is lower but very close to diesel fuel at full load. 

4.3. Pollutant Emissions  

4.3.1. Unburned Hydrocarbons (UHC): The blend fuels of biodiesel and turpentine oil exhibits lower UHC 

emissions when compared to diesel fuel. At no load the increase in HC emission may be due to the 

unavailability of sufficient oxygen during the combustion period. At 75% load the UHC emissions for BD100, 

BD90T10, BD80T20, BD700T30 and BD60T40 are 76.2%, 62.8%, 54.2%, 47.3% and 28.5% lower and similarly 

at full load the UHC emissions are 62.1%, 71.9%, 69.48%, 64.7% and 46.3% lower as compared to diesel fuel 

shown in Fig. 9. It is observed that HC emissions decrease with the percentage of turpentine oil increases in 

the blends. This is due to relatively more oxygen available for the reaction when blend fuels are injected 

into the cylinder at higher engine load. The blend fuel emits higher HC emissions at full load than diesel fuel 

due to insufficient time for combustion fuel.    

 
        Fig.8 Efficiency variation of biodiesel blend fuels                Fig.9 Hydrocarbon variation of biodiesel blend fuels               

4.3.2. Carbon Dioxide (CO2): The variation of CO2 emission values with reference load are shown in Fig. 10.  

The CO2 emission value obtained for BD70T30 is lowest and near to diesel when compared to all blend fuels. 

However, for high percentage of turpentine oil in blend fuel CO2 release rate is increased considerably, 

since the turpentine oil contains more oxygen that leads complete combustion. At lower loads due to less 

availability of oxygen and at low temperature engine releases more carbon monoxide with less output.  

4.3.3. Nitric oxides (NOx): The variation of NOx emissions from biodiesel and blends of biodiesel with 

turpentine oil with respect to load are shown in Fig. 11. The emissions increased with load for all the blend 

fuels of turpentine oil. The emissions formation is depend upon the temperature inside the cylinder and 

stoichiometric ratio of the blend fuel burning. At full load the NOx emissions for B100, BD90T10, BD80T20, 

BD70T30 and BD60T40 are 12.7%, 7.81%, 11.06%, 9.06% and 21.66% higher than diesel fuel. The NOx 

emission reduces with turpentine oil blends due to the reduced combustion temperature in the cylinder at 

full load. Biodiesel premixing has greater oxygen absorptions at lower loads and therefore creates more 

NOx.  

4.3.4. Carbon Monoxide (CO): The CO emission increases with load as shown in Fig. 12. At higher load, rich 

air-fuel mixture is burnt, and hence more CO is formed due to the no availability oxygen. The increase in CO 

emission at no load and part load may be due to less oxygen availability for combustion. At 75% Load, the 
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CO emissions for BD100, BD90T10, BD80T20, BD70T30 and BD60T40 are negligible. At maximum load on 

the engine, temperature inside the cylinder surface is higher, which leads atomization of the blends fuels to 

improve combustion. Oxygen content in the plant oil makes it easy to burn at the upper temperature in the 

cylinder. 

 
   Fig.10 Carbon dioxide variation of biodiesel blend fuels                Fig.11 NOx variation of biodiesel blend fuels    
 

5. CONCLUSIONS 

The following conclusions are drawn from the experiments conducted on engine with Palm oil methyl ester 

(biodiesel) and Turpentine oil blends as fuel compared to diesel. 

 Turpentine additive in Biodiesel offer decrease in viscosity and flash point leads to complete 

combustion and higher calorific value increases the power output. 

 BTE of BD60T40 blend is similar to diesel at 75% and full load condition. The EGT of biodiesel and 

blend fuels were similar to diesel at all the loads and EGT increases with increase in load. 

 The HC emissions of blend fuels were lower at 75% and full load due to more oxygen availability, 

whereas CO2 and NOx increase with load.  
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