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Abstract – Diesel engine is the essential wellspring of fuel utilization around the world. Diesel is a 
petroleum product and is relied upon to get over by 2050. Diesel is observed to be reliable, durable and 
efficient. Biodiesel like lemon grass oil can assume an indispensable job in such condition. Blends of 
diesel with biodiesel are relied upon to give better productivity and emission attributes. Expansion of 
nanoparticles like cerium oxide can make biodiesel progressively powerful. Performance of a diesel 
engine relies on different parameters like fuel amount infused, fuel injection timing, fuel injection 
pressure, shape and size of ignition chamber and nozzle, fuel spray pattern, air whirl, and so on. The 
utilization of biodiesel can diminish diesel fuel utilization and emission of diesel engine, in light of the 
fact that biodiesel has been considered as a potential alternative fuel for CI (Compression Ignition) 
engines. Out of numerous biodiesels got from different resources, present investigation manages 
utilization of Used Temple Oil have been considered as fuel for examination. The transesterification 
procedure was embraced to condition the raw oil to suit its properties. Properties are assessed 
concurring ASTM standard and properties are observed to be calculable with diesel. The present work 
Used Temple Oil biodiesel twists are utilized to the run the single chamber four strokes diesel engine at 
various injection opening pressure. To streamline the three-opening pressure, Taguchi method received. 
For forming symmetrical array, the examinations have been planned utilizing DOE in Minitab 18 and 
Taguchi's L9 array is utilized. For recognizing the commitment of different variables which essentially 
influences the reaction pursued by regression analysis to approve the outcomes at ideal arrangement of 
chose control factors. This investigation manages ideal estimations of BTE and NOx emission. From the 
outcomes, it uncovers that NOx decrease is most extreme at 200 bar injection pressure, B30 methyl ester 
mix at half load. 

Keywords: Injection Pressure, UTO Biodiesel, Taguchi Method, ANOVA, Performance Parameters, 
Temple, Oil. 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - X - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

1. INTRODUCTION 

Different resources like non-edible oil, animal fats 
and waste oil are the fundamental wellsprings of 
biodiesel. The best nature of every one of these 
sources is that, they all are inexhaustible and don't 
impact any food security supply for people. Biodiesel 
is considered as promising elective fuel for CI 
engines, because of decreased smoke emission and 
with rich oxygen content. The 10% of oxygen content 
in biodiesel gives better burning of fuel. To advance 
operating and structure factors of diesel engine for 
most extreme Brake Thermal Efficiency, peak 
pressure, Temperature, IMEP, BMEP Taguchi 
method is utilized and improvement in above said 
parameters at ideal condition is accounted for. 
Taguchi method is great to discover ideal operating 

parameters for high BTE and low BSFC, NOx and 
smoke. In examination process, Taguchi method 
was utilized to upgrade three parameters, for 
example, injection pressure, injection timing and 
mix extent. 

Energy is a major and basic parameter for 
economic and social advancement of any country. 
Expanded use of remnant fuels and fear because 
of biological contamination because of non-
renewable energy sources are the primary issues, 
which advance the specialists of everywhere 
throughout the globe to discover discretionary or 
substitutive renewable energy source. Different 
measurable examinations are likewise seen in the 
writing related with performance and emissions 
assessment utilizing biodiesel, biodiesel-pure 
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diesel blends and pure diesel. They are 
enhancement contemplates utilizing various 
procedures to advance the engine parameters 
utilizing experimental data to interpolate the 
performance and emission forecasts. A few 
strategies are existing for streamlining. 

The injector opening pressure, fuel injection timing 
and compression proportion on BTHE, BSFC and 
emissions had the capacity to distinguish the orders 
of criticalness or commitment of every parameter 
utilizing Taguchi method alongside gray connection 
analysis and ANOVA. As far as BTE and NOx 
emission Taguchi method gives the ideal setting of 
the engine for the arrangement of control factors 
mulled over and will in general offer better engine 
performance with the affirmed outcomes and 
regression analysis approve every one of the 
outcomes anticipated within determined scope of 
limits, the expectations made by Taguchi parameters 
plan method observed to be in great understanding 
of added substance blend castor biodiesel blends. 
Advancement of Taguchi method anticipated 
optimum dimension of parameters within a 
preliminary and the 40-eucalyptus mix seen 
attractively working at optimum setting slighter more 
in emission of NOx was seen. 

For actualizing operating parameters and to acquire 
best outcomes Taguchi method is notable. It is a 
method of statistical and mathematical collection to 
optimum framework performance. To solve the 
various kinds of issues of ventures, this method is 
frequently utilized. One of the principle advantages to 
utilization of this method is the decrease of expense 
and time contrasted with the full factorial design 
experimentation. From Sesame oil, it was discovered 
that Taguchi method (L9 parameter design) given the 
improve procedure of biodiesel generation. The 
contribution factor is higher for molar ratio is 78.09% 
for ester recuperation in transesterification process. 
Taguchi analysis demonstrated that methanol to oil 
ratio has most extreme impact pursued by 
temperature response and catalyst concentration. 

To distinguish the order of contribution of every 
parameter (Injection opening pressure, fuel injection 
timing and compression ratio) on BTHE, BSFC and 
emission, further they detailed that affirmation test 
results were great agreement with predicted values. 
Taguchi method alongside gray relational and 
ANOVA was capable.  

Sesame oil yield 97.27% biodiesel production 
process parameters enhanced utilizing Taguchi 
method L9 parameter design with 8:1 molar ratio and 
0.34 catalyst concentration at 55°C reaction 
temperature. 

The Taguchi and ANOVA procedures are utilized to 
decide the impact of experimental parameter and 
optimum dimension for load, injection pressure and 
mix rate. What's more, it distinguishes that mix 40 of 

Jatrophacurcas methyl ester at 25% of engine load 
and 220 bar injection pressure are the optimum 
parameters.  

The single and joined impacts of engine operating 
parameters on performance and attributes of 
emission of the diesel engine utilizing Used Temple 
Oil bio diesel mix as fuel utilizing approach so as to 
decide the optimal dimensions of load, biodiesel mix, 
injection pressure and optimal value of BTE, SFC, C, 
HC, NOx and smoke are the primary aim of this 
examination. 

2. MATERIALS METHOD 

The fuel utilized in this present examination was 
Used Temple Oil Methyl Ester (UTOME). The Used 
temple Oil gathered from Hanuman and Marikamba 
Temple Sirasi, Uttarkannada, Karnataka. Utilized 
Temple Oil free fatty acid (FFA) content was 
observed to be beneath 2%. In this manner, direct 
transesterification with soluble base catalyst was 
performed. 

The physical properties of UOME (Used Temple 
Methyl ester) at various blends are resolved at 
Bangalore Test House (An ISO 9001 Certified and 
NABL authorize lab) as indicated by IS 1448 (P6, 
P66, P25, P32, and P66) and were contrasted and 
fossil diesel fuel as appeared in the Table 1. The 
Values of UTOME have practically same properties 
as that of the diesel fuel and shows it very well may 
be utilized as an alternate fuel. 

Table 1. Physical properties of UTOME at 
various blends. 

 

The examinations were done on AV1 Vertical, 
single cylinder, water-cooled, 4-stroke, and 
compression ignition diesel engine was for the 
investigation. The technical detail of the engines is 
given in Table 2. Engine was worked at a 
consistent speed of 1500 rpm. The load variety 
was finished with the assistance of eddy current 
dynamometer. 

At first the engine was tried with local diesel then 
with various blends like 20% UTOME+80% diesel 
fuel (meant B20), 30% UTOME+70% diesel fuel 
(meant B30) and40% UTOME+60% diesel fuel 
(signified B40) at various engine loads from 25% to 
100% and at Injection Opening Pressure (IOP) of 
180 bar, 200bar and 220 bar. 
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Table 2. Engine parameters 

 

Taguchi orthogonal array method has been utilized 
for BTE and NOx for UTOME. Various parameters 
affecting the BTE and NOx of UTOME, the three 
most impacting parameters and three dimensions 
(L=3, L=3 as appeared Table 3) have been 
considered in this examination. 

Table 3. Factor and Levels for BTE of UTOME 

 

3. DATA ANALYSIS AND RESULT 

The ampleness and meaning of the created 
regression model were tried utilizing Analysis of 
variance (ANOVA) method. In ANOVA factors with 
95% is considered as critical. This gave information 
on relative impact of parameters and their 
communications as for the different outcomes. As 
indicated by this analysis, the best parameters with 
deference IOP (bar), Load (%) and Blend (%) are 
referenced. The impacts of the three chosen 
parameters at three unique dimensions have been 
examined by directing just nine tests according to L9 
orthogonal array for BTE appeared Table 4. 

Reaction table for S/N ratio produced utilizing Minitab 
software and for analysis reason in Taguchi Design 
the condition "Bigger is better" is chosen. The 
impacts of every parameter on BTE at three distinct 
dimensions are appeared in Figure 1 and the Table 5 
demonstrates the Response table for Means of 
Brake Thermal Efficiency. The most extreme value in 
each diagram indicates the optimum dimension of 
that specific parameter on the BTE. 

 

Figure 1. Main influence Plot for Means for the 
influence of Each Parameter at various levels. 

Table 4 demonstrates the L9 Orthogonal Array for 
Design of Experiments with Three Parameters at 
Three levels for BTE of UTOME 

Table 4. L9 Orthogonal Array for 3 Parameters 

 

The above Figure 1 demonstrates that S/N ratio is 
maximum 24.67, 26.67 and 25.33 for 200 bar IOP, 
100% load and 20% biodiesel blend separately. 
What's more, S/N ratio is least 23.00, 20.00 and 
22.67 for 220 bar IOP, half load and 40% blend 
individually. 

Table 5. IOP, Load and Blend of Brake Thermal 
Efficiency 

 

Table 5. shows Response Table for Means of 
Brake Thermal Efficiency in the Table 5, Delta is 
the distinction from maximum value and least value 
of mean of methods for a specific parameter. The 
most noteworthy distinction proposes that specific 
parameter has a more prominent impact. From the 
table it can see that load has maximum impact 
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after that biodiesel blend ratio and ultimately IOP on 
BTE.  

The Figure 2 demonstrates the Main Effect Plot for 
S/N ratio for the impact of every Parameter at 
various dimensions and Table 6 indicates Response 
Table for Signal to Noise Ratios for Larger is better. 

 

Figure 2. Main influence Plot for SN ratios for the 
influence of Each Parameter at various levels. 

The above Figure 2 demonstrates that S/N ratio is 
maximum 27.74, 28.50 and 28.02 for 200 bar IOP, 
100% load and 20% biodiesel blend individually. 
What's more, S/N ratio is least 27.12, 25.99 and 
27.01 for 220 bar IOP, half load and 40% blend 
separately. 

Table 6. Signal to Noise Ratios 

 

Table 6. Response Table for Signal to Noise Ratios 
for bigger is better. In Table 6, Delta is the contrast 
between the maximum value and the base value and 
rank indicates the maximum and least impact of the 
parameters. It demonstrates that the impact of load 
is more, while the impact of IOP is less on BTE. The 
Regression Equation of BTE is as per the following, 
BTE (%) = 22.89-0.0250 IOP (bar) + 0.1333 Load 
(%) – 0.1333 Blend (%).  

The S/N ratios and Mean values for NOx emission 
because of control parameters were processed 
utilizing Minitab software and are exhibited in Table 7 
and Figure 3. The S/N ratio of Smaller-is-Better 
alternative was picked for the optimization of 
response parameter of NOx emission. The Table 8 
indicates Response table for Signal to Noise Ratios 
for smaller is better. 

Table 7. L9 Orthogonal Array for Design of 
Experiments with Three Parameters at Three 

levels for NOx of UTOME. 

 

It was seen from the diagrams of Signal-to-Noise 
ratio and the Mean that the NOx emission can be 
diminished to its least dimension when the test 
engine keeps running at half load condition with 
200 bar IOP, when fueled with Blend 30% of 
UTOME.  

Figure 5 demonstrates the principle Effect Plot for 
SN ratios for the impact of Each Parameter at 
various dimensions and Table 9 demonstrates the 
Response table for Signal to Noise Ratios for 
smaller is better. 

Table 8. Signal to Noise Ratios for smaller is 
better. 

 

 

Figure 3. Main influence Plot for SN ratios for 
the influence of Each Parameter at various 

levels. 
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From the Figure 3 and Table 8, Delta is the contrast 
between the maximum value and least value. Rank 
signifies the maximum and least impact of the 
parameters. It demonstrates that the impact of load 
is more, while the impact of blend is less looked at 
IOP on NOx  

Figure 4 indicates Main impact plot for Means for the 
impact of Each Parameter at various dimensions 
Table 9 demonstrates Response Table for Means. 

 

Figure 4. Main influence of Plot for Means for the 
influence of Each Parameter at various levels. 

Table 9. Response Table for Means 

 

The above Figure 4 demonstrates that S/N ratio is 
maximum 388.3, 491.0 and 350.7 for 200 bar IOP, 
100% load and 20% biodiesel blend separately. 
Furthermore, S/N ratio is least 280.7, 186.3 and 
310.0 for 220 bar IOP, half load and 40% blend 
separately. The Regression Equation for NOx (ppm) 
is = 194 - 1.81IOP (bar) + 6.093 Load (%) + 1.32 
Blend (%). 

4. CONCLUSION 

This examination chose the optimum parameter for 
high percentage by fluctuating parameters through 
Taguchi method. The Taguchi method was a precise 
and one of the efficient methods of deciding the 
optimum parameters for BTE and NOx of UTOME 
with an orthogonal array (L9) total set nine 
experiments having three parameters each at three 
dimensions showed. The contribution of each clamor 
parameter assessed with the assistance of ANOVA. 
It demonstrates that the impact of load is more, while 
the impact of IOP is less on BTE. The NOx emission 

can be diminished to its least dimension when the 
test engine keeps running at half load condition with 
200 bar IOP, when fueled with Blend 30% of 
UTOME. The CR is most critical than blend 
percentage for higher BTE. The BTE is most 
astounding at the higher CR and least at the low CR. 
This is a direct result of better ignition at higher CR. 
Blend percentage is the huger parameter than CR for 
the higher CO2 emission. This is because of higher 
oxygen content in higher biodiesel blends. For 
controlling the NOx emissions CR is huger than 
blend percentage. 
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