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Engine Performance and Emission of a Twin

Cylinder Diesel Engine Fuelled with Biodiesel

and Ethanol Blends with the Fraction of Fuel
Additives
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Abstract--- A comprehensive study on the fuel mixture containing ethanol and bio-diesel as an alternative fuel has been
carried out. This report deals with the exhaust emission of bio-diesel on twin cylinder diesel engine. The objectives of this report
are to analyse the fuel consumption and the emission characteristic of a twin cylinder diesel engine that are using bio-diesel
obtained from Jatropha plant seeds compared to usage of ordinary diesel that are available in the market. This report describes
the setups and the procedures for the experiment which is to analyse the emission characteristics and fuel consumption of diesel
engine due to usage of the both fuels. Detail studies about the experimental setup and components have been done before the
experiment started. Data that are required for the analysis is observed from the experiments. Calculations and analysis have
been done after all the required data needed for the thesis is obtained. The experiment used diesel engine with no load
conditions. A four stroke Twin cylinder diesel engine was adopted to study the brake thermal efficiency, brake specific energy
consumption, mechanical efficiency, brake power, volumetric efficiency, indicated thermal efficiency and emissions at full load
with the fuel of fraction ethanol in bio-diesel. In this study, the diesel engine was tested using ethanol blended with bio-diesel at
certain mixing ratios of (B:E)- 75:25, 70:30 ethanol to bio-diesel respectively with the addition of diesel additive available in the
store for trouble free starting. Reduces knock, noise, misfiring, shock load and engine wear. It reduces knock, noise, misfiring,
shock load and engine wear. By the end of the report, the successful of the project have been started which is Kirloskar engine is
able to run with bio-diesel blend but the engine needs to run by using diesel fuel first, then followed by bio-diesel blend and
finished with diesel fuel as the last fuel usage before the engine turned off. The performance of the engine using blended fuel

compared to the performance of engine with diesel fuel. Experimental results of blended fuel and diesel fuel are also compared.

Keywords--- Alternative fuels, Biodiesel- Ethanol blend (BE-blend), Diesel, Ethanol, Performance, Emissions.

I. INTRODUCTION
Diesel particulate matter (PM) is an air is toxic and probably carcinogenic and the global energy crisis in the 1970s prompted
many countries to search for alternative energy sources. The use of vegetable oil ester-based biodiesel and ethanol-based E-diesel
occurred primarily as a direct result of that fuel crisis. Both biodiesel and E-diesel(blends of ethanol in diesel) are currently being
used in fleet vehicles in the European Union and the United States. This has led to serious consideration on seeking alternatives

to replace diesel fuel for diesel engines. The use of bio fuels that are based on renewable resources has many advantages as well.

Bio-diesel blends i.e mixture of Jatropha Oil and Ethanol are an ideal alternative to dwindling resources. The increasing

dependence on imported crude oil also has led to a major interest by non-fossil-fuel-producing countries like ours. Biodiesels are
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biodegradable, nontoxic, and it can significantly reduce toxic emissions and particulate matter (PM), an increase in total
hydrocarbon, while carbon monoxide and nitrogen oxides could increase or decrease depending on the engine type and operating

conditions (Merrittet al. 2005; Li et al. 2005).

Ethanol is alternative fuel for diesel engine. Its bio-mass based renewable fuel, it offers reduction in life cycle of Co2 and it
shows a significant PM reduction. Recently, the economy has also become much more favourable in the production of ethanol
and it is able to compete with the standard diesel fuel. With calorific value marginally higher than regular diesel at 51900kj/kg as
compared to 44800kj/kg .Ethanol is a low cost oxygenate with high oxygen content (35%) that has been used in ethanol—diesel
fuel blends. The use of ethanol in diesel fuel can yield significant reduction of particulate matter (PM). However, there are many
technical barriers to the direct use of ethanol in diesel fuel due to the properties of ethanol, including low cetane number of
ethanol and poor solubility of ethanol in diesel fuel in cold weather. In fact, diesel engines cannot operate normally on ethanol—
diesel blend without special additives, these additives have many benefits as well primarily they add cetane number and
improves cold start ignition and warm-up., plus they Optimises combustion efficiency, shortens the ignition delay, Improves fuel

oxidation stability with much more direct benefits to the engine life.

By the previous studies it is also found that the ethanol-biodiesel-diesel fuel blends had better properties of water tolerance
and stability than ethanol—diesel (Shi et al., 2005).One result of that study was the more reduction of PM with ethanol-biodiesel—
diesel fuel blends compared to the biodiesel—diesel fuel blends, even if the blend ratios of additive to diesel fuel were the same.
The PM reduction appeared to be related to the amount of oxygen content in the fuel blends (Shi et al., 2005). Based on that
study, the blending of biodiesel, ethanol and diesel fuel is considered as a promising alternative fuel for diesel. The diesel engine
used in this study was a two cylinder fours stroke Kirloskar engine. Regulated emissions of PM, nitrogen oxides (NO,), carbon
monoxide (CO), total unburned hydrocarbon (THC), and carbon dioxide (CO,) were investigated and they were compared with

the emissions of diesel fuel.

II. PROJECT BACKGROUND

Recently, changing the engine operating parameters such as valve timing, injection timing, and atomization ratio has
been carried out in many studies on the internal combustion engines (ICE) aiming to reduce the exhaust emissions . At the same
time, depletion of fossil fuels and environmental considerations has led to investigations on the renewable fuels such as
methanol, ethanol, hydrogen, and biodiesel. Particularly ethanol can be obtained from many fossil and renewable sources.
Biodiesel is an alternative fuel for diesel engine. The esters of vegetable oils and animal fats are known collectively as biodiesel.
It is a domestic, renewable fuel for diesel engine derived from natural oil like Jatropha oil. Biodiesel has an energy content of
about 12% less than petroleum-based diesel fuel o n a mass basis. It has a higher molecular weight, viscosity, density, and flash

point than diesel fuel.

Ethanol-(C,HsOH) is the simplest of alcohol and originally produced by the destructive distillation of wood and sugarcane
.However, ethanol can be produced from many fossil and renewable sources which include coal, petroleum, natural gas, biomass,
wood landfills and even the ocean. In energy deficit countries like India, Ethanol can provide a sustainable solution against

petroleum crisis due to the following reason:

Ethanol can be manufactured from a variety of carbon based feedstock such as natural gas and biomass (e.g., wood). As
India is rich in all these sources, use of ethanol would diversify country’s fuel supply and reduce its dependence on imported
petroleum. Ethanol is much flammable than gasoline and results in less severe fires when it does ignite. So far fire safety purpose
it is better than petroleum. Diesel Additive which is a concentrated formula containing highly active solvents, polymers, surface

active agents, cetane improvers and corrosion and oxidation inhibitors. Improves engine performance year-round. It reduces the
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formation of injector nozzle deposits, Optimises combustion efficiency, increases cetane rating by 2 to 5 numbers, improves cold
start ignition and warm-up, Shortens the ignition delay. It reduces knock, noise, misfiring, shock load and engine wear. Provides
a quieter, smoother running engine with longer engine life, prevents rusting in fuel distribution and storage system, improves fuel

oxidation stability.

III.  PROJECT OBJECTIVES
The objectives of this project are to analyse the fuel consumption and the emission characteristic such as oxygen(O2), carbon
dioxide(CO2), carbon monoxide(CO), nitrogen dioxide(NO2) and oxides of nitrogen(NOx) in a twin cylinder diesel engine that

are using jatropha bio-diesel with ethanol is mixed compared to usage of ordinary diesel that are available in the market.

IV.  EXPERIMENTAL SETUP

Commercial diesel fuel used in regular gas stations was employed in this study as baseline diesel fuel and it was obtained
locally. Provided by a local supplier, the biodiesel and the ethanol used in this study was analysis-grade anhydrous ethanol
(99.7% purity).the ratios of fuel blend were 25:75 and 30:70 (ethanol: biodiesel) by volume which was denoted by BE-blend in
the current literature. The setup is provided with a resistance load bank, DELTA 1600Lexhaust gas analyser and Diesel smoke

meter.., etc for performance and emissions analysis.

Specifications of engine are shown in Table 1.
Table 1: Engine specifications

Engine Make Kirloskar
Engine Type Four stroke Twin
cylinder diesel engine
No. of cylinders 2
Stroke 110mm
Bore 87.5mm
Method of cooling Water cooled
Horse power HP 10HP
Type of starting Crank start
Lubrication Forced
Compression ratio 17.5:1
Rated speed RPM Max 1800
Air tank type Square
Orifice diameter 20mm
Load type Electric load bank
Cubic capacity 0.661 Litres
Digital temperature 0-999 Degree
indicator
Digital RPM indicator 0-9999 RPM

Properties of Diesel, Jetropha oil and Ethanol
Table 2: properties

Properties Diesel

Jetropha Ethanol
oil

Density at 0.852
20% g/cc

0.926 0.729

Cetane no. 46

38 6

Calorific 45
value [MJ/kg]

39.5 29.7

Flash point°C 76

228 13.5

Cloud -6
point°C

Fire point°C 56

Boiling 180-330
point,” C

Viscosity, ¢S 3.11
at 40°C
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V.  EXPERIMENTAL PROCEDURE
Experiments were initially carried out on the engine using diesel as fuel in order to provide base line data. The various ratios
of BE-blend were prepared and made to run on the engine. The blends were prepared on the proportions of (B : E) 75:25

and70:30 with a fraction of diesel additive on volume basis.

The engine was started using neat diesel and allowed to run for at least 30 minutes before taking observations. After engine
conditions stabilized and reached to steady state, the base line data were taken. Load was varied using the alternator load bank
and the same was recorded. Gaseous emissions, fuel consumption were also recorded from the respective sensor. In case of
different ethanol and biodiesel blends, the engine was started on diesel and when engine became sufficiently heated; the supply of
diesel was substituted by different ethanol and biodiesel blends for which a two way valve was used. All the data at different

loads and blends were recorded only when engine reached to steady state.

VI.  RESULTS AND DISCUSSION
The performance and exhaust emission parameters of the engine with biodiesel and ethanol with a fraction of fuel additive at

different blend ratios are presented and discussed below.

6.1 Specific fuel consumption
At higher temperature the effect of proportion of ethanol — biodiesel blends with a fraction of fuel additive on specific fuel

consumption (SFC). At different loads the variation of SFC with load at different ratios of blends such as BE : blend -
75:25,70:30 are almost equal to diesel. The reasons behind this results are lower energy value substitute ethanol is added to the
bio- diesel blends, thus engine responds to the load by increasing the fuel flow. Thus SFC decreases with the increase in thermal

efficiency.

6.2 Brake thermal efficiency
Figure 2, shows the variation of brake thermal efficiency with respect to the proportion of biodiesel— ethanol blends at

different loads. From the plot it is observed that as load increases brake thermal efficiency is also increases for diesel as well as
blends of biodiesel- ethanol. At full load condition, the brake thermal efficiencies obtained are 6.75%, 12.98% and 11.96% for
the diesel, BE-70:30, BE-75:25 respectively. Among the two blends of biodiesel- ethanol the maximum BTE is 12.98% which is
obtained from BE-70:30. The BTE using BE-70:30 is increased by 6.23% as compared to the diesel at full load condition. The
increment in Brake thermal efficiency is due to better combustion because of high calorific value and less viscosity of waste

plastic oil.

6.3 NOx Concentration
Figures 3, shows the variation of NOx level with respect to proportion of biodiesel and 1ethanol blends at different loads.NOy

tends to increase with load, this increase in NO, is explained by the fact that at low loads, but as the load increases, the
temperature also increases which in turn increases the NO, emissions. Results shows that NOx is comparatively higher with BE-
70:30. It is found that NOx emission increases with increase in load. 100% Diesel and BE-70:30 has higher NOx level when
compared to blend of BE-75:25. This is due to addition of ethanol to the blends which has the property of emitting less nitrogen
oxides when it is burnt. NOy is comparatively decreased when compared to diesel fuelled engine. The effect of BE- blends on
emissions is complex and is not conclusive. Either cetane number, fuel density or aromatic fuel composition can influence on

NO, emissions. Many studies indicate that oxygenate fuel blends could cause slight increases in NO, emissions as well.

6.4 CO Concentration
Figures 4, shows the variation CO level with respect to proportion of biodiesel and ethanol blends at different loads. From the

graph it is clear that the CO level decreases as the proportion of BE- blends. This is due to the fact that engine is not optimized to
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run with diesel oil blends or waste plastic oil, so there is a large possibility of rich fuel-air mixture in the cylinder and the higher
specific fuel consumption resulting in a higher CO level at low speed.

At constant speed, CO emissions from BE-blends were greater than those from diesel fuel at most tested modes. In full load
tests, CO emissions decreased at high speeds and increased at low speeds. Although BE-blend and diesel fuel blends were
reported to reduce CO emissions. Carbon monoxide occurs in engine exhaust. It is a product of incomplete combustion due to
insufficient amount of air in the air fuel mixture or insufficient time in the cycle for the completion of combustion. CO level is

comparatively less when compared to diesel.

6.5 HC Concentration
Figure 5, shows that the variation of HC level with respect to proportion of waste plastic oil and diesel blends with the

fraction of methanol at different loads. HC level is found to be low for BE- blend compared to diesel. Unburnt hydrocarbon
emissions are the direct result of incomplete combustion. Thus HC level is comparatively reduced with increase in the loads, this
is due to diffused combustion, increased temperature and after burning phenomenon. HC is decreased moderately when the diesel

engine was fuelled with BE-blend. Figurel. Variation of Specific fuel consumption with load
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Figure 3. Variation of oxides of nitrogen with load
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LODAD VS CO

] ’LMM'&

Figure 5. Variation of Unburnt Hydrocarbons with load

LOAD VS HC
10

8
R
z m D 100
g
o4 m BE-
om 75:25

2 -

0 .

0 ZSan%P&gYSO 1000

Figure 6. Variation of Carbon dioxide with load

Received: 19 Feb 2018 | Revised: 07 Mar 2018 | Accepted: 02 Apr 2018 118



International Journal of Psychosocial Rehabilitation, Vol. 22, Issue 03, 2018
ISSN: 1475-7192

LOAD VS CO2

ED100

_ EBE-

75:25
BE-

70,30

0 250 500 750 1000

Load (kg)

ACKNOWLEDGEMENT
I am deeply indebted and grateful to my project guide, PROF. C. THAMOTHARAN, Senior Lecturer, Department

of Automobile Engineering, BHARATH UNIVERSITY, for his valuable suggestions, encouragement and effective guidance. I

also extend my thanks to Teaching and Non — teaching staffs of automobile engineering department who have helped me in

carrying out this project successfully.

REFERENCES

[1] Das, J., Das, M.P., & Velusamy, P. (2013). Sesbania grandiflora leaf extract mediated green synthesis of
antibacterial silver nanoparticles against selected human pathogens. Spectrochimica Acta Part A:
Molecular and Biomolecular Spectroscopy, 104, 265-270.

2] Umanath, K.P.S.S.K., Palanikumar, K., & Selvamani, S.T. (2013). Analysis of dry sliding wear behaviour
of Al16061/SiC/A1203 hybrid metal matrix composites. Composites Part B: Engineering, 53, 159-168.

[3] Udayakumar, R., Khanaa, V., Saravanan, T., & Saritha, G. (1786). Cross layer optimization for wireless
network (WIMAX). Middle-East Journal of Scientific Research, 16(12), 1786-1789.

[4] Kumaravel, A., & Rangarajan, K. (2013). Algorithm for automaton specification for exploring dynamic
labyrinths. Indian Journal of Science and Technology, 6(5S), 4554-4559.

[5] Pieger, S., Salman, A., & Bidra, A.S. (2014). Clinical outcomes of lithium disilicate single crowns and
partial fixed dental prostheses: a systematic review. The Journal of prosthetic dentistry, 112(1), 22-30.

[6] Vijayaraghavan, K., Nalini, S.K., Prakash, N.U., & Madhankumar, D. (2012). One step green synthesis of
silver nano/microparticles using extracts of Trachyspermum ammi and Papaver somniferum. Colloids and
Surfaces B: Biointerfaces, 94, 114-117.

[7] Khanaa, V., Mohanta, K., & Satheesh, B. (2013). Comparative study of uwb communications over fiber
using direct and external modulations. Indian Journal of Science and Technology, 6(6), 4845-4847.

[8] Khanaa, V., Thooyamani, K.P., & Udayakumar, R. (1798). Cognitive radio based network for ISM band
real time embedded system. Middle-East Journal of Scientific Research, 16(12), 1798-1800.

[9] Vijayaraghavan, K., Nalini, S.K., Prakash, N.U., & Madhankumar, D. (2012). Biomimetic synthesis of
silver nanoparticles by aqueous extract of Syzygium aromaticum. Materials Letters, 75, 33-35

[10] Caroline, M.L., Sankar, R., Indirani, R.M., & Vasudevan, S. (2009). Growth, optical, thermal and dielectric
studies of an amino acid organic nonlinear optical material: 1-Alanine. Materials Chemistry and
Physics, 114(1), 490-494.

[11] Kumaravel, A., & Pradeepa, R. (2013). Efficient molecule reduction for drug design by intelligent search

methods. International Journal of Pharma and Bio Sciences, 4(2), B1023-B1029.

Received: 19 Feb 2018 | Revised: 07 Mar 2018 | Accepted: 02 Apr 2018 119



International Journal of Psychosocial Rehabilitation, Vol. 22, Issue 03, 2018
ISSN: 1475-7192

[12]

[13]
[14]

[15]

[16]
[17]

[18]

[19]
[20]
(21]

[22]

(23]
[24]

[25]

[26]

[27]
(28]
[29]
[30]

[31]

[32]

[33]

[34]

Kaviyarasu, K., Manikandan, E., Kennedy, J., Jayachandran, M., Ladchumananandasiivam, R., De Gomes,
U.U., & Maaza, M. (2016). Synthesis and characterization studies of NiO nanorods for enhancing solar cell
efficiency using photon upconversion materials. Ceramics International, 42(7), 8385-8394.

Sengottuvel, P., Satishkumar, S., & Dinakaran, D. (2013). Optimization of multiple characteristics of EDM
parameters based on desirability approach and fuzzy modeling. Procedia Engineering, 64, 1069-1078.
Anbuselvi S., Chellaram, C., Jonesh S., Jayanthi L., & Edward J.K.P. (2009). Bioactive potential of coral
associated gastropod, Trochus tentorium of Gulf of Mannar, Southeastern India. J. Med. Sci, 9(5), 240-244.
Kaviyarasu, K., Ayeshamariam, A., Manikandan, E., Kennedy, J., Ladchumananandasivam, R., Gomes,
U.U., & Maaza, M. (2016). Solution processing of CuSe quantum dots: Photocatalytic activity under RhB
for UV and visible-light solar irradiation. Materials Science and Engineering: B, 210, 1-9.

Kumaravel, A., & Udayakumar, R. (2013). Web portal visits patterns predicted by intuitionistic fuzzy
approach. Indian Journal of Science and Technology, 6(5S), 4549-4553.

Srinivasan, V., & Saravanan, T. (2013). Reformation and market design of power sector. Middle-East
Journal of Scientific Research, 16(12), 1763-1767.

Kaviyarasu, K., Manikandan, E., Kennedy, J., & Maaza, M. (2015). A comparative study on the
morphological features of highly ordered MgO: AgO nanocube arrays prepared via a hydrothermal
method. RSC Advances, 5(100), 82421-82428.

Kumaravel, A., & Udhayakumarapandian, D. (2013). Consruction of meta classifiers for apple scab
infections. International Journal of Pharma and Bio Sciences, 4(4), B1207-B1213.

Sankari, S.L., Masthan, K.M.K., Babu, N.A., Bhattacharjee, T., & Elumalai, M. (2012). Apoptosis in
cancer-an update. Asian Pacific journal of cancer prevention, 13(10), 4873-4878

Harish, B.N., & Menezes, G.A. (2011). Antimicrobial resistance in typhoidal salmonellae. Indian journal
of medical microbiology, 29(3), 223-229.

Manikandan, A., Manikandan, E., Meenatchi, B., Vadivel, S., Jaganathan, S.K., Ladchumananandasivam,
R., & Aanand, J.S. (2017). Rare earth element (REE) lanthanum doped zinc oxide (La: ZnO)
nanomaterials: synthesis structural optical and antibacterial studies. Journal of Alloys and Compounds, 723,
1155-1161.

Caroline, M.L., & Vasudevan, S. (2008). Growth and characterization of an organic nonlinear optical
material: L-alanine alaninium nitrate. Materials Letters, 62(15), 2245-2248.

Saravanan T., Srinivasan V., Udayakumar R. (2013). A approach for visualization of atherosclerosis in
coronary artery. Middle - East Journal of Scientific Research, 18(12), 1713-1717.

Poongothai, S., [lavarasan, R., & Karrunakaran, C.M. (2010). Simultaneous and accurate determination of
vitamins B1, B6, B12 and alpha-lipoic acid in multivitamin capsule by reverse-phase high performance
liquid chromatographic method. International Journal of Pharmacy and Pharmaceutical Sciences, 2(4),
133-139.

Udayakumar, R., Khanaa, V., & Saravanan, T. (2013). Synthesis and structural characterization of thin
films of SnO 2 prepared by spray pyrolysis technique. Indian Journal of Science and Technology, 6(6),
4754-4757

Anbazhagan, R., Satheesh, B., & Gopalakrishnan, K. (2013). Mathematical modeling and simulation of
modern cars in the role of stability analysis. Indian Journal of Science and Technology, 6(5S), 4633-4641.
Caroline, M.L., & Vasudevan, S. (2009). Growth and characterization of bis thiourea cadmium iodide: A
semiorganic single crystal. Materials Chemistry and Physics, 113(2-3), 670-674.

Sharmila, S., Jeyanthi Rebecca, L., & Das, M.P. (2012). Production of Biodiesel from Chaetomorpha
antennina and Gracilaria corticata. Journal of Chemical and Pharmaceutical Research, 4(11), 4870-4874.
Thooyamani, K.P., Khanaa, V., & Udayakumar, R. (2013). An integrated agent system for e-mail
coordination using jade. Indian Journal of Science and Technology, 6(6), 4758-4761.

Caroline, M.L., Kandasamy, A., Mohan, R., & Vasudevan, S. (2009). Growth and characterization of
dichlorobis l-proline Zn (II): A semiorganic nonlinear optical single crystal. Journal of Crystal
Growth, 311(4), 1161-1165.

Caroline, M.L., & Vasudevan, S. (2009). Growth and characterization of L-phenylalanine nitric acid, a new
organic nonlinear optical material. Materials Letters, 63(1), 41-44.

Kaviyarasu, K., Xolile Fuku, Genene T. Mola, E. Manikandan, J. Kennedy, and M. Maaza.
Photoluminescence of well-aligned ZnO doped CeO2 nanoplatelets by a solvothermal route. Materials
Letters, 183(2016), 351-354.

Saravanan, T., & Saritha, G. (2013). Buck converter with a variable number of predictive current
distributing method. Indian Journal of Science and Technology, 6(5S), 4583-4588.

Received: 19 Feb 2018 | Revised: 07 Mar 2018 | Accepted: 02 Apr 2018 120



International Journal of Psychosocial Rehabilitation, Vol. 22, Issue 03, 2018
ISSN: 1475-7192

[35]

[36]

[37]

[38]
[39]
[40]

[41]

[42]

[43]

[44]
[45]
[46]

[47]

(48]
[49]

[50]

Parthasarathy, R., Ilavarasan, R., & Karrunakaran, C. M. (2009). Antidiabetic activity of Thespesia
Populnea bark and leaf extract against streptozotocin induced diabetic rats. International Journal of
PharmTech Research, 1(4), 1069-1072.

Hanirex, D.K., & Kaliyamurthie, K. P. (2013). Multi-classification approach for detecting thyroid attacks.
International Journal of Pharma and Bio Sciences, 4(3), B1246-B1251

Kandasamy, A., Mohan, R., Lydia Caroline, M., & Vasudevan, S. (2008). Nucleation kinetics, growth,
solubility and dielectric studies of L-proline cadmium chloride monohydrate semi organic nonlinear optical
single crystal. Crystal Research and Technology: Journal of Experimental and Industrial
Crystallography, 43(2), 186-192.

Srinivasan, V., Saravanan, T., Udayakumar, R., & Saritha, G. (2013). Specific absorption rate in the cell
phone user’s head. Middle-East Journal of Scientific Research, 16(12), 1748-50.

Udayakumar R., Khanaa V., & Saravanan T. (2013). Chromatic dispersion compensation in optical fiber
communication system and its simulation. Indian Journal of Science and Technology, 6(6), 4762-4766.
Vijayaragavan, S.P., Karthik, B., Kiran, T.V.U., & Sundar Raj, M. (1990). Robotic surveillance for patient
care in hospitals. Middle-East Journal of Scientific Research, 16(12), 1820-1824.

Dr.Mummoorthy, A., Bhasker, B., & Karthik Deep Yadav, S.J. (2018). Query Formulation Technique
Using of Data Web Mining. Bonfring International Journal of Networking Technologies and Applications,
5(1), 6-8.

Luigi, and Benjamin, C.(2017). Particle Swarm Optimization (PSO) based Algorithm for the Optimal
Location and Setting of FACTS Devices to Improve Voltage Stability. Bonfring International Journal of
Power Systems and Integrated Circuits, 7(1), 13-18.

Naveen Kumar, B.S., Kumar Raja, D.R., & Olive Esther Kumar (2014). User Behavior Mining in Software
as a Service Environment. International Scientific Journal on Science Engineering & Technology, 17(5),
537-541.

Dr.Anitha, D. (2018). Analysis of Emergency Communication Networks for Disaster Management. Journal
of Computational Information Systems, 14(4), 76 - 84.

James, 1.S.P. (2013). Face Image Retrieval with HSV Color Space using Clustering Techniques. The SIJ
Transactions on Advances in Space Research & Earth Exploration, 1(1), 21-24.

Dr.Ponnusamy, S., Omar, M.B., Alshunaybir, F., Alanazi, M., & Alzebak, M. (2018). Fit for Life: Home
Personal Coach. Bonfring International Journal of Software Engineering and Soft Computing, 8(2), 7-10.
Pazmifio, J.E., & da Silva Rodrigues, C.K.(2015).Simply Dividing a Bitcoin Network Node may Reduce
Transaction Verification Time. The SIJ Transactions on Computer Networks & Communication
Engineering (CNCE), 3(1), 1-5.

Borhan, M.N. (2019). Design of the High Speed and Reliable Source Coupled Logic Multiplexer, Journal
of VLSI Circuits And Systems, 1(1), 18-22.

Nandeesh, M.D., & Dr. Meenakshi, M. (2015). Image Fusion Algorithms for Medical Images-A
Comparison. Bonfring International Journal of Advances in Image Processing, 5(3), 23-26.

Sunitha, G., & Dr.Geethanjali, N. (2018). Heart Disease Detection Using Differential Evolution in Fuzzy
Neural Network (DEFNN).. Journal of Computational Information Systems, 14(3), 70 - 79.

Received: 19 Feb 2018 | Revised: 07 Mar 2018 | Accepted: 02 Apr 2018 121



