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Abstract-The use of fossil fuels is increasing day by day and it results into increasing pollution, to decrease the use of 

fossil fuels the use of alternative fuel is the good option. Palm seed oil is the oil which can be used as alternative fuel. 

The properties of both blends were estimated. The result showed that the fuel properties of the blends were very close to 

the diesel. There are many other oils available like waste plastic oil, jatropha, neem etc. so to reduce pollution, alternate 

fuel can be used as substitute. Three parameters compression ratio, load, and blend are variance and response like 

specific fuel consumption optimize completely. The experiments include use of palm seed oil blend such as 100D0B 

(100% Diesel 0% palm seed oil), 50D50B (50% Diesel 50% palm seed oil), 0D100B (0% Diesel and 100% palm seed 

oil) at different compression ratio. For mathematical and statistical analysis Taguchi’s method is used. 
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Nomenclature 

BTHE  Brake Thermal Efficiency 

SFC   Specific Fuel Consumption 

FC     Fuel Consumption 

S/N Ratio          Signal to Noise Ratio 

D.O.E                Design of Experiment 

100D0B 100% Diesel, 0% Biodiesel  

50D50B 50% Diesel,50% Biodiesel 

0D100B 0% Diesel, 100% Biodiesel 

 

I. INTRODUCTION 

 

Nowadays diesel engines are more popular and used in all over world because the price of petrol is increasing day by day 

and the problem is, pollution is increasing from gasoline engine’s emission. All the problems can be solved by using an 

alternative fuel. A diesel fuel has no oxygen compound, it contains carbon and hydrogen arranged in straight chain 

structures [1]. Palm methyl ester was produced using an alkali catalysed transesterification process. Increasing 

industrialization, growing energy demands, limited reserves of fossil fuels and increasing environmental pollution are the 

factors to investigate possible alternative fuels [2]. Bio-diesel is fatty acid methyl ester made from virgin or used 

vegetable oils and animal fats. The property of Palm seed oil is very close to diesel. The viscosity of palm seed oil is 5-7 

times more than that of diesel [3]. The use of bio-diesel in conventional diesel engines results in substantial reduction of 

unburned hydrocarbons, carbon monoxide and particulate matters. Bio-diesel is considered clean fuel since it has almost 

no sulphur, no aromatics and has about 10% built in oxygen, which helps it to burn fully. The higher cetane number 

improves the ignition quality even when blended in the petroleum diesel. As a liquid fuel, bio-diesel is simple to use and 

can be used in diesel engines without modifications. It also can be blended at any level with petroleum diesel to create a 

biodiesel blend [4]. 

 

II. LITERATURE REVIEW 

 

For optimization of experiment run, The Taguchi method has been used. Amin et al. (2017) have studied that the 

properties of palm seed oil/ palm seed oil biodiesel blends have no difference in the properties of blends up to 30% 

volume of oil/ biodiesel of palm seed oil [5]. Abed et al. (2017) have studied that the exhaust emissions of CO and HC 

were reduced, where NOx emissions have increased. The thermal efficiency of palm seed biodiesel was lower compared 
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to diesel, where specific fuel consumptions were higher [6]. Nagi et al. (2008) have studied that the palm seed biodiesel 

meets the combustion requirements of diesel engine combustion. Palm seed biodiesel contributes the source of green 

renewable energy to meet the demands of energy of the future [7]. Ariyani et al. (2010) have studied that the density of 

biodiesel has satisfied the quality standard, but not for kinematic viscosity [8]. Yadav et al. (2016) have studied that the 

emissions of CO and HC and smoke opacity of OOME, KOME and BGOME were slight less than that of diesel fuel. The 

engine could be operated without major modifications [9].  Manoharan et al. (2015) have studied that the blend ratio of 

40% biodiesel (60% diesel) achieves optimal compromise between power loss and emission reduction as the power loss 

found around 5% and at the same time, HC and CO reduced around 73% and 46% compared to standard diesel [10]. 

Choudhary et al. (2018) have studied that the duration of combustion less in case of high compression ratio compared to 

other compression ratios. Exhaust gas temperature decreases when compression ratio increases [11]. Bhasker et al. 

(2017) have studied that the brake power output and brake thermal efficiency increases slightly with increasing 

compression ratio. The in-cylinder pressure increases with increase in compression ratio [12]. Properties of Palm seed oil 

shown in Table1. 

 

Table 1 Properties of Palm Seed Oil [13] 

 

Parameter Unit Result 

Density @ 15   Kg/m
3 

925 

Kinematic viscosity@ 40   mm
2
/sec 41 

Flash Point ᵒC 260 

Cloud point ᵒC - 

Fire point ᵒC 341 

Iodine value g/100g 44-51 

Melting point ᵒC 35 

Calorific value KJ/kg 39849 

 

III. EXPERIMENTAL SETUP 

 

Experimental setup is shown in Fig.1. In this engine without stopping of engine the compression ratio can be varied. This 

engine is working on both fuels (petrol and diesel). The setup is connected with I.C. engine software. setup consists 

instruments for combustion pressure, diesel line pressure and crank angle measurements. The setup also observes VCR 

engine performances.  

 

 
Figure1. Experiment setup [14] 
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Table 2 Engine specification [14] 

Number of Cylinder Single cylinder 

Number of Stroke 4 

Swept Volume 552.64 cc 

Cylinder Bore 80 mm 

Stroke 110mm 

Connecting Rod Length 234mm 

Oriffice Diameter 20mm 

Dynamometer Rotor Radius 141mm 

Fuel Diesel 

Power 3.7 kw 

Speed 1500rpm 

Compression Ratio Range 12 to 18 

Inj.Point variation 0° to 25° BTDC 

  

 

IV. METHODOLOGY 

 

Taguchi method has been used for the optimization of the process. In the Taguchi method two type of inputs are used: 1. 

Control variable 2. Noise variable. In the Taguchi method, one of the following condition is considered. 

1. Larger is better. 

2. Smaller is better. 

3. On target minimum variation. 

S/N ratio, mean value and variation have been obtained by analysing experiment data in minitab 18. The S/N ratio has 

been taken instead of standard deviation, because of that, standard deviation has been decreased with decrease in mean 

value and vice versa. Compression ratio is variable at three levels with high, low, and medium ranges of input parameters 

are selecting based on modification of engine. Advantage using design of experiment is evaluate variation of SFC with 

number of experiment [15]. 

 

Define goal

(Alternative fuel, palm oil)

Select the parameters

(Blend, CR, Load)

Select the levels

(3 level for all parameters)

Select OA

Experiment done on I.C Engine 

(I.C Engine software)

Plot means and S/N curved and analysis

(Blend, CR, Load)

Determine optimum parameter set

(Blend, Exhaust, CR, Load)

Predict performance

Experiment performance 

Satisfy objective

Stop

Select the new set

N

Y

 
Figure2. Flow Chart Experiment [14] 
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V. FACTORS AND LEVELS 

 

Experiments have been performed according to L9 orthogonal array for exhaust manifolds, compression ratio, blend and 

load. In the experiment table, take 9 rows and 3 columns at 3 factors. Those 3 parameters are shown in Taguchi Table 3. 

 

Table 3 Factors and their levels 

Factor Level1 Level2 Level3 

CR 14 16 18 

BLEND 100D0B 50D50B 0D100B 

LOAD 1 5 9 

 

VI. RESULT AND DISCUSSION 

 

Table 4 Experimental Results Table 

 

Sr. 

No 

Blend 

Ratio 

(%) 

Compression 

Ratio 
Load 

(kg) 

BTHE 

(%) 

Mechanical 

Efficiency (%) 

FC 

(kg/h) 

SFC 

(kg/kWh) 

1 100D0B 18 1 5.7899 6.4989 0.44982 1.451032258 

2 100D0B 16 5 19.1369 28.7937 0.64974 0.439013514 

3 100D0B 14 9 23.7201 42.8330 0.89964 0.354188976 

4 50D50B 18 5 15.4926 28.75 0.777 0.563043478 

5 50D50B 16 9 22.0913 38.8632 0.999 0.39486166 

6 50D50B 14 1 5.4137 8.0103 0.4995 1.611290323 

7 0D100B 18 9 23.7909 41.4593 0.94932 0.379728 

8 0D100B 16 1 4.6249 7.6487 0.5274 1.953333333 

9 0D100B 14 5 20.6981 27.0018 0.63288 0.436468966 

 

Mechanical efficiency, brake thermal efficiency, fuel consumption and specific fuel consumption were analysed for each 

set of parameters using I.C engine software. Minitab18 offers Taguchi method in DOE. These graphs were created by 

putting all data in minitab18 and by following the required steps.  

Taguchi’s analysis for BTHE by using  different parameters compression ratio, blend and load. 

 

 
Figure 3. Main effect plot for means: BTHE 
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Table 5 Main effects plot for means: BTHE 

Level Blend CR Load 

1 16.371 16.611 5.276 

2 16.216 15.284 18.443 

3 14.333 15.025 23.201 

Delta 2.039 1.586 17.925 

Rank 2 3 1 

A table 5 show that the maximum value of the delta is 17.925 (LOAD) and minimum value is 1.586 (CR). BTHE 

performance more affected by load and less affected by compression ratio, because of load delta value has maximum and 

Compression ratio delta value has minimum on Means result. 

 

Figure 4.  Main effect plot for SN ratio: BTHE 

Table 6 Main effects plot for SN ratio: BTHE 

Level Blend CR Load 

1 22.38 22.83 14.41 

2 22.80 21.94 25.25 

3 21.79 22.19 27.31 

Delta 1.01 0.89 12.90 

Rank 2 3 1 

 

A table 6 show that the maximum value of the delta is 12.90 (LOAD) and minimum value is 0.89(CR). BTHE 

performance more affected by load and less affected by compression ratio, because of the load delta value has maximum 

and Compression ratio delta value has minimum on the S/N ratio result. 

Fig. 3 and 4 shows the minimum and maximum value for all parameters. Take the maximum value form the above graph 

for the best value of BTHE. The value was CR14, BR D100B0 and LOAD9. Predicted value gained by the putting Table 

value in minitab18, comparing that value to the experiment value.     

 

Table 7 Optimum set of parameters: BTHE 

 

Compression Ratio BLEND  LOAD PREDICTIVE  EXPERIMENT DEFFERENCE 

14 D100B0 9 23.7201 24.7474 1.0273 

 

Table 7 shows that Best Brake Thermal Efficiency got at compression ratio 14, Blend Ratio 100D0B and Load 9. 
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Taguchi’s analysis for Mechanical Efficiency by using  different parameters compression ratio, blend and load.  

 

Figure 5. Main effect plot for means: Mechanical Efficiency 

 

Table 8 Main effects plot for means: Mechanical Efficiency 

Level Blend CR Load 

1 25.370 25.948 7.386 

2 26.042 25.102 28.182 

3 25.208 25.569 41.052 

Delta 0.834 0.846 33.666 

Rank 3 2 1 

 

A table 8 shows that the maximum value of the delta is 33.666 (LOAD) and minimum value is 0.834 (BLEND). 

Mechanical Efficiency performance more affected by load and less affected by blend, because of load delta value has a 

maximum and blend delta value has minimum on Means result. 

 

Figure 6. Main effect plot for SN ratio: Mechanical Efficiency 
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Table 9 Main effects plot for SN ratio: Mechanical Efficiency 

Level Blend CR Load 

1 26.22 26.45 17.33 

2 26.03 26.22 29.00 

3 26.35 25.93 32.26 

Delta 0.32 0.52 14.93 

Rank 3 2 1 

 

A table 9 shows that the maximum value of the delta is 14.93 (LOAD) and minimum value is 0.32 (BLEND). 

Mechanical Efficiency performance more affected by load and less affected by blend, because of load delta value has a 

maximum and blend delta value has minimum on the S/N ratio result. 

Fig. 5 and 6 shows the minimum and maximum value for all parameters. Take the maximum value Form the above graph 

for the best value of Mechanical Efficiency. The value was CR14, BR D100B0 and LOAD9. Predicted value gained by 

the putting Table value in minitab18, compare that value to the experiment value.    

  

Table 10 Optimum set of parameters: Mechanical Efficiency 

Compression Ratio BLEND  LOAD PREDICTIVE  EXPERIMENT DEFFERENCE 

14 D100B0 9 42.8330 41.9624 0.8706 

 

Table 10 shows that Best Mechanical Efficiency got at compression ratio14, Blend RatioD100B0 and Load9. 

 

Taguchi’s analysis for Specific Fuel Consumption with using  different parameter compression ratio, blend and load. 

 

Figure 7. Main effect plot for means: Specific Fuel Consumption 

Table 11 Main effects plot for means: Specific Fuel Consumption 

Level Blend CR Load 

1 0.9232 0.8006 1.6719 

2 0.7481 0.9291 0.4795 

3 0.8564 0.7979 0.3763 

Delta 0.1751 0.1311 1.2956 

Rank 2 3 1 

 

A table 11 show that maximum value of delta is 1.2956 (LOAD) and minimum value is 0.1311 (CR). Fuel consumption 

performance more affected by load and less affected by compression ratio, because of load delta value has maximum and 

compression ratio delta value has minimum on Means result. 
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Figure 8. Main effect plot for SN ratio: Specific Fuel Consumption 

 

 

Table 12 Main effects plot for SN ratio: Specific Fuel Consumption 

 

Level Blend CR Load 

1 3.265 4.024 -4.398 

2 4.311 3.135 6.447 

3 2.972 3.389 8.499 

Delta 1.338 0.889 12.896 

Rank 2 3 1 

 

A table 12 show that maximum value of delta is 12.896 (LOAD) and minimum value is 0.889 (CR). FC performance 

more affected by load and less affected by compression ratio, because of load delta value has maximum and 

Compression ratio delta value has minimum on S/N ratio result. 

Fig. 7 and 8 shows the minimum and maximum value for all parameters. Take the maximum value Form the above graph 

for the best value of Fuel Consumption. The value was CR14, BR D100B0 and LOAD9. Predicted value gained by the 

putting Table value in minitab18, compare that value to the experiment value.     

 

Table 13 Optimum set of parameters:  Specific Fuel Consumption 

 

Compression Ratio BLEND  LOAD PREDICTIVE  EXPERIMENT DEFFERENCE 

14 D100B0 9 0.354188976 0.239885 0.11430 

 

Table 13 shows that Minimum Specific Fuel Consumption got at compression ratio14, Blend Ratio D100B0 and Load9. 
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Taguchi’s analysis for Fuel Consumption with using  different parameter compression ratio, blend and load. 

 

 

Figure 9.  Main effect plot for means: Fuel Consumption 

Table 14 Main effects plot for means: Fuel Consumption 

Level Blend CR Load 

1 0.7032 0.6773 0.4922 

2 0.6664 0.7254 0.6865 

3 0.7585 0.7254 0.9493 

Delta 0.0921 0.0480 0.4571 

Rank 2 3 1 

A table 11 show that maximum value of delta is 0.4571 (LOAD) and minimum value is 0.0480 (CR). Fuel consumption 

performance more affected by load and less affected by compression ratio, because of load delta value has maximum and 

compression ratio delta value has minimum on Means result. 

 

Figure 10. Main effect plot for SN ratio: Fuel Consumption 
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Table 14 Main effects plot for SN ratio: Fuel Consumption 

Level Blend CR Load 

1 3.3275 3.6405 6.1752 

2 3.8677 3.1037 3.3035 

3 2.7432 3.1942 0.4597 

Delta 1.1245 0.5368 5.7155 

Rank 2 3 1 

 

A table 12 show that maximum value of delta is 5.7155 (LOAD) and minimum value is 0.5368 (CR). FC performance 

more affected by load and less affected by compression ratio, because of load delta value has maximum and 

Compression ratio delta value has minimum on S/N ratio result. 

Fig. 7 and 8 shows the minimum and maximum value for all parameters. Take the maximum value Form the above graph 

for the best value of Fuel Consumption. The value was CR14, BR D100B0 and LOAD1. Predicted value gained by the 

putting Table value in minitab18, compare that value to the experiment value. 

 

 

Table 14 Optimum set of parameters: Fuel Consumption 

 

Compression Ratio BLEND  LOAD PREDICTIVE  EXPERIMENT DEFFERENCE 

14 D100B0 1 0.39984 0.4172 0.01736 

     

Table 13 shows that Minimum Fuel Consumption got at compression ratio1, Blend Ratio D100B0and Load1. 

 

VII. CONCLUSION 

 

Taguchi method helps to get the best results in minimum run of experiment. As per the experiment analysis & result 

palm seed oil and blend of palm seed oil can be used in CI engine. The best values of Brake thermal efficiency, 

Mechanical efficiency & Specific fuel efficiency are obtained, when compression ratio is 14, load is 9 and in pure diesel. 

Best value of fuel consumption is obtained, when compression ratio is 14, load is 1 and in pure diesel. The blend ratios of 

palm seed oil and diesel did not show better results as far as study is concern.  From the study it is concluded that the 

palm seed oil is optimistic in CI engine at full load.  

 

REFERENCES 

 

[1] Krunal, B., Dinesh Dabhi, and Nityam P. Oza. "A Review of Recent Research on Palm oil Biodiesel as Fuel for 

CI Engine." Int J Appl Res Stud 1.II (2013): 2278-9480. 

[2] Al-Widyan, Mohamad I., and Ali O. Al-Shyoukh. "Experimental evaluation of the transesterification of waste 

palm oil into biodiesel." Bioresource technology 85.3 (2002): 253-256. 

[3] Bell, J. Gordon, et al. "Substituting fish oil with crude palm oil in the diet of Atlantic salmon (Salmo salar) 

affects muscle fatty acid composition and hepatic fatty acid metabolism." The Journal of nutrition 132.2 (2002): 

222-230. 

[4] Benjumea, Pedro, John Agudelo, and Andres Agudelo. "Basic properties of palm oil biodiesel–diesel 

blends." Fuel 87.10-11 (2008): 2069-2075. 

[5] El-Araby, R., et al. "Study on the characteristics of palm oil–biodiesel–diesel fuel blend." Egyptian Journal of 

Petroleum(2017). 

[6] Gad, M. S., et al. "Performance and emissions characteristics of CI engine fueled with palm oil/palm oil methyl 

ester blended with diesel fuel." Egyptian Journal of Petroleum (2017). 

[7] Nagi, Jawad, Syed Khaleel Ahmed, and Farrukh Nagi. "Palm biodiesel an alternative green renewable energy 

for the energy demands of the future." International Conference on Construction and Building Khiraiya 

Technology, ICCBT. 2008. 

[8] Leung, Dennis YC, Xuan Wu, and M. K. H. Leung. "A review on biodiesel production using catalyzed 

transesterification." Applied energy 87.4 (2010): 1083-1095. 

[9] Yadav, Ashok Kumar, et al. "Performance and emission characteristics of a transportation diesel engine 

operated with non-edible vegetable oils biodiesel." Case Studies in Thermal Engineering 8 (2016): 236-244. 

[10] Senthilkumar, S., G. Sivakumar, and Siddarth Manoharan. "Investigation of palm methyl-ester bio-diesel with 

additive on performance and emission characteristics of a diesel engine under 8-mode testing cycle." Alexandria 

Engineering Journal54.3 (2015): 423-428. 

[11] Choudhary, Kapil Dev, Ashish Nayyar, and M. S. Dasgupta. "Effect of compression ratio on combustion and 

emission characteristics of CI Engine operated with acetylene in conjunction with diesel fuel." Fuel 214 (2018): 

489-496. 



International Journal of Advance Engineering and Research Development (IJAERD) 

Volume 5, Issue 04, April-2018, e-ISSN: 2348 - 4470, print-ISSN: 2348-6406 
 

@IJAERD-2018, All rights Reserved  33 

[12] Bhasker, J. Pradeep, and E. Porpatham. "Effects of compression ratio and hydrogen addition on lean combustion 

characteristics and emission formation in a Compressed Natural Gas fuelled spark ignition engine." Fuel 208 

(2017): 260-270. 

[13] Patel Pravesh “Chemical and physical property of palm seed oil.”Modi laboratory(2017). 

[14] Patel, Krunal B., Tushar M. Patel, and Saumil C. Patel. "Parametric Optimization of Single Cylinder Diesel 

Engine for Pyrolysis Oil and Diesel Blend for Specific Fuel Consumption Using Taguchi Method." IOSR 

Journal of Mechanical and Civil Engineering 6.1 (2012): 83-88. 

[15] Karna, Shyam Kumar, and Rajeshwar Sahai. "An overview on Taguchi method." International Journal of 

Engineering and Mathematical Sciences 1.1 (2012): 1-7. 

 

 

 


