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Abstract - Spray characteristics such as spray cone angle, Sauter mean diameter (SMD) and spray tip penetration greatly 
influences the combustion and emission characteristics of diesel engines. The spray characteristics mainly depend on fuel 
viscosity, injection pressure and density of fuel and ambient pressure and temperature. This study focusses on the 
optimization of spray characteristics using multi response signal to noise ratio and the effect of injection pressure, chamber 
pressure and fuel blends in a constant volume chamber using image processing techniques on Diesel, POME and POME20. 
The main objective of this paper is to obtain the optimized value and main effect plots from the influencing factors using 
ANOVA. 
 
Keywords - Anova, Cone Angle, Spray Length, SMD, Injection Pressure, Chamber Pressure, Fuel Blend. 
 
I. INTRODUCTION 
A fuel is any material that can be made to react with 
other substances so that it releases chemical or 
nuclear energy as heat or to be used for work. The 
concept was originally applied solely to those 
materials capable of releasing chemical energy but 
has since also been applied to other sources of heat 
energy such as nuclear energy (via nuclear fission and 
nuclear fusion). 
 
The heat energy released by reactions of fuels is 
converted into mechanical energy via a heat engine. 
Other times the heat itself is valued for warmth, 
cooking, or industrial processes, as well as the 
illumination that comes with combustion. 
 
1.1 INTRODUCTIONTO DIESEL, POME, 
POME20 
Diesel liquid fuel used in diesel engines, whose fuel 
ignition takes place, without any spark, as a result of 
compression of the inlet air mixture and then 
injection of fuel. 
 
(POME)Biodiesel refers to a vegetable oil or an 
animal fat based diesel fuel consisting of long-chain 
alkyl esters. F or obtaining biodiesel, the vegetable oil 
or animal fat is subjected to a chemical reaction 
termed transesterfication. Biodiesel can be used in 
any proportion with diesel or as a stand alone fuel. 
They have many other applications. 
The main objective is to optimize the various 
parameters of spray for different blends of biodiesel 
and injection pressure mainly with respect to SMD, 
Spray cone angle and Spray tip penetration using the 
concept of Taguchi method and contribution using 
ANOVA with the help of MINITAB software where 
the optimum levels of the parameters were found 
using higher Signal - Noise ratio. 

 
1.2 SOURCES OF BIODIESEL 
There are various other biodiesel sources: almond, 
andiroba (Carapaguianensis, babassuOrbigniasp), 
barley, camelina (Camelina sativa), coconut, copra, 
cumaru (Dipteryxodorata), Cynaracardunculus, fish 
oil, groundnut) 
 
Vegetable oils are a renewable and potentially 
inexhaustible source of energy, with energy content 
close to that of diesel fuel. Global vegetable oil 
production increased from 56 million tons in 1990 to 
88 million tons in 2000, following a below-normal 
increase. The source of this gain was distributed 
among the various oils. 
 
1.3METHODOLOGY 
The Taguchi method helped to understand the effect 
of control parameter and to optimize the experimental 
conditions from a limited number of experiments and 
contribution of each noise factor calculator by 
ANOVA. Design of experiment consists of a set of 
experiments which is the setting of several products 
or process parameters to be studied that are changed 
from one experiment to another. 
 
Design of experiments is also called matrix 
experiments. Parameters are also called factors and 
parameter settings are also called levels. ANOVA 
which is a statistical technique can be employed to 
identify to identify the significant parameters and to 
find the percentage contribution of parameters on the 
performance characteristic. 
 
ANOVA was performed by employing MINITAB 
software for a level of significance of 5% to study the 
contribution of the parameters. In the ANOVA 
analyse there is a P-value which is computed from the 
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F ratio for each independent parameter in the model. 
If P- value is have less than 0.05, The parameter can 
be considered as statistically highly significant. Each 
one contributes with variables percentages in the 
production of desired response. ANOVA also helps to 
know the variables that are most contributing and 
least contributing. 
 
II. EXPERIMENT 
 
2.1 EXPERIMENTAL SECTION 
Taguchi based Design of Experiments (DOE) method 
was employed to design the experiments to be 
conducted and the steps involved are Selection of 
factors, Selection of number of levels for the factors 
Multi response optimization, analysis of results, 
confirmation experiment. 
 
2.2 SELECTION OF FACTORS 
The fuel temperature and fuel injection pressure are 
the two important factors affecting the spray 
characteristics such as spray tip penetration (S), spray 
angle (θ) and Sauter mean diameter (SMD). Hence 
fuel, fuel temperature and fuel injection pressure are 
selected as the factors for the present investigation. 
 
2.3 SELECTION OF LEVELS OF FACTORS 
Factors chosen for the present investigation are not 
discrete and can be measured on a scale. To find the 
effects of fuel blend, chamber pressure and fuel 
injection pressure on spray tip penetration (S), spray 
angle (θ) and Sauter mean diameter (SMD), their 
levels have to be chosen from a minimum value to a 
maximum value. The three levels of the chosen 
factors and different fuels are given in Table 1, table 
2 and table3 respectively. 
 

 
TABLE 1- LEVEL OF FACTORS FOR DIESEL 

 

 
TABLE 2- LEVEL OF FACTORS FOR POME 

 

 
TABLE 3-LEVEL OF FACTORS FOR POME20 

 
2.4 DESIGN OF EXPERIMENT FOR THE 
OPTIMIZATION 
The Taguchi method is a structural approach for 
determining the best combination of inputs to 
produce which based on a Design of Experiments 
(DOE) methodology for determining parameter 
levels. In full factorial experiment for three factors 
with three levels the number of experiments to be 
conducted will be 3*3= 27. 
 
2.5 EXPERIMENTAL SETUP 
The experimental setup for visualizing the chamber 
run consists of the following components: 
 1-Power supply 
 2-Fuel tank 
 3-Motor 
 4-Pump 
 5-Halogen lamp 
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 6-connecting wires 
 7-Glass box 
 8-Camera 
 9-Laptop 
 10-Fuel injector 
A schematic diagram of experimental setup shown in 
figure 2.1, the setup consists of a spray chamber, fuel 
injection system, high speed video camera and data 
acquisition system. In this experiment, the fuel spray 
was observed from a constant pressure chamber along 
with fuel injection system. The fuel injection system 
having electric motor (0.25hp), fuel pump and fuel 
injector with delivery opening pressure set at 180, 
200 and 220   bar. 
A high-speed video camera, FASTEC MOTION to 
capture the image and it will be further processed and 
analysed by using (PROANALYST SOFTWARE). 
The high-speed camera is fitted with BOROSCOPE 
to enlarge the image. The Mie scattering technique is 
applied with camera on one end and light source on 
the other end. A 1000 W halogen lamp is used to 
illumine for clear and visible images. The region of 
spray has been illuminated by lamp and light 
scattered by fuel droplet has been collected by camera 
at frame rate of 250fps with resolution of (800x600) 
and the images are analysed by PROANALYST 
SOFTWARE. 
 

 
 
FIG 2.1(A) 

 
FIG 2.1(B) 
 
FIG 2.1(A) and (B) EXPERIMENTAL SETUP 

III. LITERATURE SURVEY 
 
A literature review on properties and optimization 
technique using different factors had been carried out. 
The important observations are highlighted here. 
(Surajit pal-2016) In this research paper , the multi 
response signal to noise ratio was calculated and used 
to optimise the dynamic systems. This method was 
found to be more error free than CDF method. CDF 
method does not consider the variability of individual 
response variables. This limitation is overcome by 
using MRSN method. 
(Mohsen karimi) In this work, to clarify current 
optimal processing conditions for strength and 
toughness, optimising multiple performance 
characteristics, Taguchi loss function was calculated 
and ANOVA was used to identify the relative 
influence of factors on variation of multiple 
characteristics. 
 
IV. ANALYSIS OF DATA 
 
4.1 TAGUCHI LOSS FUNCTION 
Loss function is used to calculate the deviation 
between the experimental value and the desired value. 
For each response variable, the corresponding loss 
function can be expressed as given below. As per the 
Taguchi’s categorization of response variables, 
smaller the better principle is considered to minimize 
the Spray tip penetration and Sauter mean diameter. 
For Spray angle, larger the better principle is 
considered to maximize it. For larger the better 
[Spray angle (θ)]: 

 
 
For smaller the better [Spray tip penetration (S)and 
Sauter mean diameter (SMD)]: 

 
 
where n is the number of repeated experiments, it is 
the loss function of the ith response variable in the jth 
experiment and yijk is the experimental value of the 
ithresponse variable in the jth experiment at the kth 
test. 
 
4.2NORMALISING THE LOSS FUNCTION 
Since the measured units of the response variables 
were different, the loss function was normalized in 
the range between zero and one. Normalization of 
loss function was done as follows: 
For smaller the better [Spray tip penetration (S) and 
Sauter mean diameter (SMD)]: 
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For larger the better [Spray angle (θ)]: 

 
where Sis the normalized loss function for the 
response variable in jth experiment, it is the loss 
function for the ith response variable in the jth 
experiment and Li is the average loss function for the 
ith response variable. 
 
4.3 ASSIGNING WEIGHTING FACTOR 
In multi response optimization, the relative 
importance of each response variable on the set 
objective with respect to. 

 
where W is the weighting factor for the ith response 
variable and m is the number of response variables. 
The most influencing factor in achieving the 
objective for each combination of the weighting 
factor 
was analysed through ANALYSIS OF VARIANCE 
(ANOVA).Hence higher weightage was assigned to 
the Spray angle when compared to the other two. 

Given below are the weighting factors to get 
maximum optimized value. 
0.5(W1) 0.4(W2) 0.1(W3) 
0.8(W1) 0.1(W2) 0.1(W3) 
0.4(W1) 0.4(W2) 0.2(W3) 
0.6(W1) 0.2(W2) 0.2(W3) 
0.6(W1) 0.3(W2) 0.1(W3) 
0.4(W1) 0.3(W2) 0.3(W3) 
From calculation the optimized value arrived at this 
weighting factor with maximum MRSN value = 
0.6(W1) 0.2(W2) 0.2(W3). 
 
4.4 MRSN 
In multi response optimization of Taguchi loss 
function, Multi Response Signal to Noise ratio 
(MRSN) has to be maximized by using the formula 
given below. 
MRSN=−10log(݈ܶ݅) 
 
4.5 ANALYSIS OF VARIANCE (ANOVA) 
ANOVA is a statistical method used to interpret 
experimental data and make necessary decisions and 
it establishes the relative significance of factors in 
terms of their percentage contribution to the response. 
Since three factors are involved in the present 
investigation it is necessary to evaluate the significant 
and percentage contribution of each factor. This 
analysis is performed on signal to noise ratios to find 
the contribution of the factors. 

 
V. RESULT AND DISCUSSION 
 
5.1 RESULTS OF S/N RATIO 
Table 5shows the MRSN ratio for the experiments conducted for all the weighting factors. From that we can 
find the best suitable factor as w1 = 0.6, w2 = 0.2 and w3 = 0.2. 
The combination which has the maximum MRSN ratio will be taken as the best combination among all in 
achieving the objective. It can be observed that experiment number (1-2-2) [which is of 180 bar injection 
pressure, 4bar chamber pressure, pome fuel] is the best combination amongthe nine and the ratio was found to 
be MRSN(4)=14.297.  
 

 
TABLE 5: MRSN RATIO 
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Once after finding the optimized value of the 
corresponding injection pressure, chamber pressure, 
fuel blend used and its values which are entered in 
main effect plots in MINITAB software to obtain the 
graph equivalent to the values. Figure 5.1 shows the 
main effect plot for the best combinations (1,2,2). 
The corresponding influencing values are: 

 Cone angle = 20.40⸰ 
 Spray length = 45.61 um 
 Sauter mean diameter= 10.98 

 

 
FIG5.1-MAIN EFFECT PLOT FOR MRSN (4). 

 
Theoretically, we got 180 bar injection pre4ssure, 4 
bar chamber pressure and pome fuel as the most 
optimized value by comparing all the six MRSN ratio 
values and the values are as follows. 
For, 180 bar injection pressure  
4 bar chamber pressure 
Pome as fuel. 
The main effect plot also shows the corresponding 
peak values and mrsn(4) indicates the corresponding 
weighting factor such as:0.6(w1) 0.2(w2) 0.2(w3). 
 
5.2 RESULTS FROM EXPERIMENT 
The Fastec high speed camera is used to capture the 
images using the shadowgraphy technique (classical 
visualisation technique). Among the captured images, 
the best image is selected manually. The best image is 
then analysed using Image J software. 
The best spray images recorded by the high-speed 
camera at the corresponding injection pressure (180 
BAR), pome fuel and chamber pressure (4 BAR). 

 
FIG5.2- SPRAY IMAGES RECORDED BY HIGH SPEED 

CAMERA 

The spray parameter readings namely spray cone 
angle and spray tip penetration are determined and 
From the software and image occurred we found the 
experimental vales such as: 

 cone angle   = 21⸰ 
 spray length = 46 
 from calculation, smd = 11um. 

 
5.3 RESULTS OFANOVA 
Table 5 shows the results of ANOVA for the 
weighting factor of w1 = 0.6, w2= 0.2 and w3 = 0.2. 
it can be inferred from the analysis of variance that 
the injection pressure, chamber pressure are the most 
critical influencing factors for the high-pressure 
chamber to run in an optimized condition. 

 
 

 
 

 
 
ANOVA which is a statistical technique can be 
employed to identify the significant parameters and to 
find the percentage contribution of parameters on the 
performance characteristic. ANOVA was performed 
by employing MINITAB14 software for a level of 
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significance of 5% to study the contribution of the 
parameters. 
Based on the above table vales there is a P-value 
which is computed from the F ratio for each 
independent parameter in the model. If P-value is less 
than 0.05, the parameter can be considered as 
statistically highly significant. Since P- value for all 
the three parameters have less than 0.05, they are 
highly significant at 95% confidence level. 
From the percentage contribution the following 
values for cone angle, sauter mean diameter, spray 
length are as follows: It can be identified from the 
table the most optimized contribution is cone angle of 
about 44.4%. 
 

 
TABLE 5.4 PERCENTAGE CONTRIBUTIONS FOR THE 

INFLUENCING FACTORS 
 
CONCLUSION 
 
Spray characteristics of biodiesel, diesel and pome20 
are carried out in the constant high-pressure chamber 
and spray tip penetration, spray cone angle and SMD 
values are found out. Optimisation of spray for 

different blends of biodiesel by varying injection 
pressure using the concept of Taguchi and ANOVA 
with the help of “Minitab” software was done. The 
spray images of biodiesel for the different 
combination of control factors specified in the 
orthogonal array formulated in the Minitab software 
were captured and the spray images obtained are 
analysed. Further, pome20 at 180 bar injection 
pressure, 4 bar chamber pressure is found to be the 
best condition. Performance, Emission and 
combustion characteristics of the optimum condition 
(pome20,180 bar injection pressure,4 bar chamber 
pressure) for spray obtained will be tested will give 
better performance with lower pollutant emissions. 
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