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Abstract: The limitation of natural resources especially crude oil employed in automotive engine
has made an attention to switch over to biodiesel. Biodiesel is known as carbon neutral and
produce no carbon dioxide leads to decrease of pollution and potentially improve the engine
performance. In this study, an experimental investigation on variable compression ratio diesel
engine is observed based on the engine performance using the VCR Engine test setup 1 cylinder,
4 strokes with EGR (computerized). The effect of compression ratio change on the torque,
specific fuel consumption (SFC), indicated power, and brake thermal e fficiency has been studied
using mineral diesel and biodiesel B20. When increasing the compression ratio from 13 to 18, it
was found that torque was significantly increased when using biodiesel B20. As the torque
increase resulted in higher indicated power. The decreasing of SFC were about 44% and 11%
for mineral diesel and biodiesel B20 respectively. Specific fuel consumption was optimum at
0.21 g/kW.h at a compression ratio of 16 using mineral diesel.

1. Introduction

In recent years, the limitation of natural resources such as crude oil, coal and so forth that are employed
in power plants, boilers, and some automotive engine has been growing fast. These condition forced to
the transition towards alternative fuels. Also, there is a huge amount of pollution in the atmosphere due
to the @8ning of those natural resources. The combustion of fossil fuel in Internal Combustion (IC)
engine is one of the major sources that contribute to air pollution.

As a clean fuel produced from domestic and renewab]@sources, the utilization of biodiesel is
gaining significant attention nowadaygfiBiodiesel is derived from vegetable oils or animal fats and can
be blended in any proportion with diesel. It is also more environmentally friendly and non-toxic
compared to ordinary diesel and can be used in diesel engines with minimal modification [1. 2].
Biodiesel can be produced from many feedstocks such as Jojoba oil [3], Jatropha oil [4], Mustard oil [5],
waste frying oil [2], and palm oil [6] to name a few. The yield of biodiesel oil not only depend on the
feedstock but also the catalyst and process used.

The Indonesian biofuels mandate is one of the most aggressive in the world especially biodiesel by
setting an ambitious blending target. Out of 64 countries having biofuels targets and/or mandates, fewer
than 10 impose biodiesel mandates. From those that do, except @Jta Rica that has 20% biodiesel mix
mandate, none of the countries mandate more than 109% mix. Based on the Ministry of Energy and
Mineral Resources regulation 12/2015, percent of biofuel blending required is expected to increase from
15% in 2015 to 30% in 2025 [7].
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Recently, the researchers have heightened that the utilization of biodiesel has a significant effect on
the performance afffemission characteristic of a diesel engine. In this study. the performance
characteristic of the variable compression ratio diesel engine was investigated using mineral diesel and
biodiesel B20 produced by PERTAMINA.

2. Literature Review
Performance of engine in terms of power output, mechanical efficiency, exhaust temperature, specific
fuel consumption and@hermal efficiency of biodiesel and its blend have been studied by many
researchers. The effect of change in compression ratio (CR), exhaust gas recirculation (EGR) and EGR
temperature on the performance and emission characteristic has been studied using diesel-biogas dual
fuel. Higher c@ipression ratio was found to improve energy and exergy efficiency and on the emission
side showed a significant def@hse in HC, CO, and NOx emission [8].

An investigation of the effect of compression ratio on a single-cylinder. four-stroke and direct
ZJection of the diesel engine was conducted using biodiesel produced from mineral diesel blend with a
waste fried oil methyl ester. A differerﬂ)lends of B0, B50, and B70 was observed at 14.5, 16.5, and
17EI@! compression ratio. [t was found that higher compression ratios improve engine efficiencies sucfff)
as specific fuel consumption, brake power, and brake thermal efficiency [9]. A performance test in a
single cylinder four strokes variable compre@bn ratio was conducted at 14:1, 16:1, and 18:1 using
mustard oil methyl ester. It was observed that specific fuel consumption slightly increase and the brake
thefhal efficiency was maximum at full load when using B20 blended [5].

Experimental investigation on the effect of different blends of Jojoba Methyl Ester (JME) in diesel
engine performance has been observed at different compression ratio from 18 to 23. The result showed,
that compared with mineral diesel, JME at higher CR indicated greater improvement for biodifEgl
combustion, however, the emission produced when using JME was higher than mineral diesel [ 10]. The
performance and emission of the diesel engine were fElied using diesel and Sal seed oil methy] ester
(SME). When the volfghe fraction of SME increase, brake thermal efficiency was found to decrease.
However, in full load, brake specific energy consumption increased with the increase in the blend [11].

3. Research Method

e test was conducted using a VCR Engine test sctup 1 cylinder, 4 strokes with EGR (computerized).
Diesel engine connected to eddy current type dynamometer for loading. The compression ratio can be
changed without stopping the engine and without altering the combustion chamber EEbmetry by
specially designed tilting cylinder block arrangement. The experiment was conducted at a constant
Ehgine speed of 1450 rpm and load 9 kg. Compression ratio was set at 13, 14, 15, 16, 17, and 18. Setup
is provided with necessary instruments for combustiorfgressure and crank-angle measurements. The
setup enables the study of VCR engine performance. Labview based Engine Performance Analysis
software package “Enginesoft” is provided for online performance evaluation. The major specification
is given in Table 1. The schematic diagram and engine picture are shown in Figures 1a and 1b.

Figure 1a. Schematic diagram of engine test up ~ Figure 1b. Picture of engine test up




The 3rd EPI International Conference on Science and Engineering 2019 (EICSE2019) IOP Publishing
IOP Conf. Series: Materials Science and Engineering 875 (2020) 012059 doi:10.1088/1757-899X/875/1/012059

Table 1. Engine specification

Parameters Technical Specification
Product VCR Engine test up 1 cylinder, 4 strokes, Diesel
rocue with EGR (compierized)

Make Kirloskar, Type 1 cylinder, 4 stroke diesel,
water-cooled, power 3.5 kW at 1500 rpm, stroke

Engine 110 mm, bore 87.5 mm, 661 cc, CR 17.5.
[ dified to VCR engine CR range 12to 18
Fuel Tank Capacity 15 lit with glass fuel metering column
EGR ater cooled, ss 304, range 0-15%
Data Acquisition  J14598 6210, 16 bit, 250kS/s
Device
T atur

e';’fﬁ;(;l_”'e Type RTD, PT100 and thermocouple type K
Software Enginesoft” engine performance analysis

Ware

Overall Dimension W 2000 x D 2500 x H 1500 mm

4. Result and Discussion

4.1. Engine Torque

The torque values of mineral diesel and biodiesel B20 as a function of compression ratio are shown in
fig 2. It is revealed that the torque increased as the compression ratio increases for biodiesel B20 and
slightly stable at mineral diesel. The increasing compression ratio resulted in increasing temperature and
pressure in the cylinder causing torque to increase. Compared to the mineral diesel, the torque of
biodiesel B20 g8 lower and in a range of 16.20 to 16.43 while mineral diesel was in a range of 16.39
to 16.42 as the compression ratio increased from 13 to 18. A similar result of the torque was observed
in a range of 16-2(fFhen B20 was used at a compression ratio of 14 to 18 using supercharged VCR
@3sel engine[12]. Due to the low volatility and higher viscosity of biodiesel B20, the increasing
compression ratio had more effect on biodiesel B20 than mineral diesel.
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Figure 2. Variation of compression ratio on torque
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4.2. Specific Fuel Consumption

The variation of specific fuel consumption on the increasing compression ratio is shown in fig. 3. The
SFC is tended to decrease as the increasing of compression ratio. When using mineral diesel, the SFC
is found to be lower than biodiesel B20 also the effect of increasing compression ratio had more benefit.
It is assumed that in biodiesel B20 the cetane number and viscosity is lower than mineral diesel. As the
compression ratio increase from 13 to 18, the decreasing of SFC were about 44% and 11% for mineral
diesel and biodiesel B20 respectively.
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4.3. Indicated Power

Indicated power was defined as the power production in the cylinder. Indicated power was found to
decrease by about 16% and 2.9% in mineral diesel and biodiesel B20 respectively as the increasing of
compression ratio from 13 to 18 as @own in fig. 4. However, indicated power in mineral diesel is
observed higher than biodiesel B20. The torque increase as the compression ratio increase due to the

higher pressure inside the combustion chamber and so higher indicated power will result [13].
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4.4. grake Thermal Efficiency (BTheff)

The brake thermal efficiency (BTEIHT) as a function of compression ratio using mineral diesel and
biodieselB20 is shown in fig. 5. As the compression ratio increased from 13 18, brake thermal
efficiency increased by 17% for mineral diesel and 12% for biodiesel B20. This could be attributed to
the lower volEjlity of biodiesel B20 compared to mineral diesel. Diesel engine performance
improvement at higher compression ratio because of oxygen content that resulted in the complete
combustioffEh accordance with the present result, the previous study on engine perf@flance using pure
diesel and biodiesel from waste cooking oil of B10.B20, B30, and B50 showed that brake thermal
efficiency of all biodiesel blend was lower than pure diesel [13].
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5. Conclusion

The effect of compression ratio on torque, specific fufl consumption, indicated power, and brake thermal
efficiency of diesel engine fueled by biodiesel B20 have been investigated and compared with mineral
diesel. Increasing compression ratio from 13 to 18 indicated a significant effect of increasing torque on
biodiesel rather than mineral diesel resulted in higher indicated power. Brake thermal efficiency was
higher when using mineral diesel and ecific fuel consumption was optimum also when using mineral
diesel. A further investigation will be conducted to study the combustion and emission of VCR diesel
engine.

Refer@fes
[11 V. Bansal and S. K. Bhargava, “lonic Liquids as Designer Solvents for the Synthesis of Metal
B2 Nanoparticles,” 2009.
[2]  J. M. Fonseca, J. G. Teleken, V. D. C. Almeida, and C. Silva, “Biodiesel from waste fryinRjils :
Methods of production and puri fi cation,” vol. 184, no. December 2018, pp. 205-218, 2019.
[3] A. M. Ashraful et al., "Production and comparison of fuel properties, engine performance, and
emission characteristics of biodiesel from various non-edible vegetable oils: A review,"
ENERGYConverS. Manag.,vol. 80, pp. 202-228,2014.
[4] FE.Guo, Z. Fang, X. Tian, Y. Long, and L. Jiang, “Bioresource Technology ‘* One-step production
of biodiesel from Jatropha oil with high-acid value in ionic liquids ™" [Bioresour . Technol .
102 (11)(2011)] q.” Bioresour. Technol., vol. 140, pp. 447-450,2013.
[51 K. Basavaraju and G. Jamunarani, “PerformanceAndEmissionCharacteristicsOfA{lliableCo
mpressionRatio Diesel Engine Using EEBthyl Esters Of Mustard Biodiesel Blends,” Int. J. Eng.
Res. Appl.,vol. 4, no. 11, pp. 20-28,2014.




The 3rd EPI International Conference on Science and Engineering 2019 (EICSE2019) IOP Publishing
IOP Conf. Series: Materials Science and Engineering 875 (2020) 012059 doi:10.1088/1757-899X/875/1/012059

[6] M.K.Lam, N. A. Jamalluddin, and K. T. Lee, Production of Biodiesel Using Palm Qil, 2nd ed.
Elsevieffi@c.. 2019.
[71 A.Karina, C. Malins, and S. Searle, “Biofuels Policy In Indonesia : Overview And Status Report,”
Int. Coffic. Clean Transp., no. August, 2016.
[8] S.Verma, L. M. Das, S. C. Kaushik, and S. S. Bhatti, The effects of compression ratio and EGR
on the performance and emission characteristics of diesel-biogas dual fuel engine. Elsevier
€L, 2019.
[9] J. Hirkude and A. S. Padalkar, “Experimental investigation of the effect of compression ratio on
performance and emissions of CI engine operated with waste fried oil methyl ester blend,”
Fuel Process. Technol., vol. 128, pp. 367-375,2014.
[10] M. Hawi, A. Elwardany, S. Ookawara, and M. Ahmed, “Effect of compression ratio on
performance, combustion and emissions characteristics of compression ignition engine fuelled
€A with jojoba methyl ester,” Renew. Energy, 2019.
[11] H. S. Pali, N. Kumar, and Y. Alhassan, “Performance and emission characteristics of an
agricultural diesel engine fueled with blends of Sal methyl esters and diesel,” Energy Convers.
B Manag., vol. 90, pp. 146-153,2015.
[12] M.El-adawy, M.El-,and Y. A. Eldrainy, “Performance characteristics of a supercharged variable
compffsion ratio diesel engine fueled by biodiesel blends,” Alexandria Eng. J.,2018.
[13] M.E. L. Kassaby and M. A. Nemit, “Studying the effect of compression ratio on an engine fueled
with waste oil produced biodiesel / diesel fuel,” Alexandria Eng. J., vol. 52, no. 1. pp. 1-11,
2013.




Characteristic_of Variable Compression_Ratio Diese.pdf

ORIGINALITY REPORT

%28 % % %

SIMILARITY INDEX INTERNET SOURCES PUBLICATIONS STUDENT PAPERS
PRIMARY SOURCES
www.ijer.in . 1
Internet Source A)

Meshack Hawi, Ahmed Elwardany, Shinichi o 1
Ookawara, Mahmoud Ahmed. "Effect of °
compression ratio on performance, combustion
and emissions characteristics of compression
ignition engine fueled with jojoba methyl ester”,
Renewable Energy, 2019

Publication

www.ijert.org 1
Internet Source %

Saket Verma, L.M. Das, S.C. Kaushik, S.S. o 1
Bhatti. "The effects of compression ratio and °
EGR on the performance and emission
characteristics of diesel-biogas dual fuel
engine", Applied Thermal Engineering, 2019

Publication

Ali Sanli, llker Turgut Yilmaz, Metin Gimus. o 1
"Experimental Evaluation of Performance and °
Combustion Characteristics in a Hydrogen—



Methane Port Fueled Diesel Engine at Different
Compression Ratios", Energy & Fuels, 2019

Publication

Submitted to National Institute of Technology,

Hamirpur
Student Paper

%]

Hirkude, Jagannath, and Atul S. Padalkar.
"Experimental investigation of the effect of
compression ratio on performance and
emissions of Cl engine operated with waste
fried oil methyl ester blend", Fuel Processing
Technology, 2014.

Publication

%]

www.ijarse.com

Internet Source

%]

S. Kannan, S. Nagaraja, N. Mathankumar.
"Experimental investigation on the effect of
compression ratio over the performance of corn
biodiesel-diesel blends as fuel in compression
ignition engine", International Journal of Ambient
Energy, 2020

Publication

%]

www.ijrter.com

Internet Source

%]

Submitted to University of Warwick
Student Paper

%]




-
()

"Performance Emission of N-Octanol - Biodiesel
Blend in Diesel Engine", International Journal of
Recent Technology and Engineering, 2019

Publication

%]

RN
w

Submitted to International Islamic University

Malaysia
Student Paper

%]

—
N

Submitted to University Tun Hussein Onn

Malaysia
Student Paper

%]

RN
(@)

"Biofuels and Bioenergy (BICE2016)", Springer
Science and Business Media LLC, 2017

Publication

%]

-
(@)

Submitted to Universiti Teknologi Petronas
Student Paper

%]

—
N

G. Kartheek, K. Lakshmiprasad, K. V.
Viswanadh, Y. Sudhakar, Ch. Polayya. "Chapter
34 Multi-Response Optimization of Variable
Compression Ratio Cl Engine Using Grey—
Taguchi Method", Springer Science and
Business Media LLC, 2019

Publication

%]

Ambarish Datta, Bijan Kumar Mandal. "An
experimental investigation on the performance,
combustion and emission characteristics of a
variable compression ratio diesel engine using

%]



diesel and palm stearin methyl ester", Clean
Technologies and Environmental Policy, 2017

Publication

www.hindawi.com

Internet Source

%]

S. M. Auti, W. S. Rathod. "Chapter 52 Design
and Manufacturing of Test Rig for Pyrolysis of
Waste Tyres of Two-Wheeler Vehicles (ELVs)",

Springer Science and Business Media LLC,
2020

Publication

%]

Submitted to University of Nottingham
Student Paper y g <%1
Shatesh Kumar Sangar, Chin Sook Lan, S.M. <o 1
Razali, M.S. Ahmad Farabi, Yun Hin Taufig-Yap. °
"Methyl ester production from palm fatty acid
distillate (PFAD) using sulfonated cow dung-
derived carbon-based solid acid catalyst",
Energy Conversion and Management, 2019
Publication
S. Ganesan, K. S. Sridhar Raja, J. Senthil
Sen <%
Kumar. "Effects of MgO as an additive in canola
oil — an experimental study", International
Journal of Ambient Energy, 2018
Publication
Submitted to Aston Universit
Student Paper y <%1



ethesis.nitrkl.ac.in
Internet Source <%1
Submitted to Universiti Malaysia Terengganu <o, 1
UMT °
Student Paper
Mahmoud K. Ashour, Ahmed E. Elwardany. <o, 1
"Addition of two kerosene-based fuels to diesel— °
biodiesel fuel: Effect on combustion,
performance and emissions characteristics of ClI
engine", Fuel, 2020
Publication
www.scientific.net
Internet Source <%1
Varun Goel, Naresh Kumar, Paramvir Singh. < 1
"Impact of modified parameters on diesel engine °
characteristics using biodiesel: A review",
Renewable and Sustainable Energy Reviews,
2018
Publication
www.scribd.com
Internet Source <%1
ljapie.or
Iiterﬁet Sourcge <%1
Wan Ghazali, Wan Nor Maawa, Rizalman <%1

Mamat, H.H. Masjuki, and Gholamhassan



Najafi. "Effects of biodiesel from different
feedstocks on engine performance and
emissions: A review", Renewable and
Sustainable Energy Reviews, 2015.

Publication

uemk.gantep.edu.tr
Internet Sgrce p <%1
S. Ganesan, J. Hemanandh, Syed Khwaja <o, 1
Azaharuddin, Charlapally Shashank Sharma. °
"Experimental investigation on DI diesel engine
with blends of black jamun seed oil using
Taguchi based optimization”, AIP Publishing,
2019
Publication
bnrc.springeropen.com
InternetSorarce g p <%1
www.springerprofessional.de
Internet Soﬁce g p <%1
www.omicsonline.or
Internet Source g <%1
Nitin M. Sakh Pankaj S. Shelke, Subhash
Itin akhare, Pankaj elke, Subhas <%1

Lahane. "Experimental Investigation of Effect of
Exhaust Gas Recirculation and Cottonseed B20
Biodiesel Fuel on Diesel Engine", Procedia
Technology, 2016

Publication




Vipul Vibhanshu, Ashish Karnwal, Amar Deep, < 1
Naveen Kumar. "Performance, Emission and °
Combustion, Analysis of Diesel Engine Fueled
with Blends of Mahua Qil Methyl Ester and
Diesel", SAE International, 2014
Publication

Vaibhav R. Wakode, Amarsingh B. Kanase- <o, 1
Patil. "Regression analysis and optimization of °
diesel engine performance for change in fuel
injection pressure and compression ratio",

Applied Thermal Engineering, 2017
Publication

Sunil G Dambhare, Sandeep S Kore, Firoz Z <, 1
Pathan, Mandar Vahadane. "Diesel engine °
performance and emission characteristic
enhancement using TOPSIS", International
Journal of Advanced Technology and
Engineering Exploration, 2019
Publication
link.springer.com

Internet Spourceg <%1
task32.ieabioenergy.com

Internet Source gy <%1
neptjournal.com

InterEetJSource <%1

Mofijur, M., A.E. Atabani, H.H. Masjuki, M.A.



Kalam, and B.M. Masum. "A study on the

effects of promising edible and non-edible <%1
biodiesel feedstocks on engine performance
and emissions production: A comparative
evaluation", Renewable and Sustainable Energy
Reviews, 2013.
Publication
S.S. Bhatti, Saket Verma, S.K. Tyagi. "Energy
. <%
and exergy based performance evaluation of
variable compression ratio spark ignition engine
based on experimental work", Thermal Science
and Engineering Progress, 2019
Publication
cot.unhas.ac.id
Internet Source <%1
www.ajchem-a.com
Internet SOlJJrCG <%1
Ashok Kumar Yadav, Mohd Emran Khan, Amit <o, 1
Pal. "Kaner biodiesel production through hybrid °
reactor and its performance testing on a Cl
engine at different compression ratios", Egyptian
Journal of Petroleum, 2017
Publication
Kumar, Niraj, Varun, and Sant Ram Chauhan. <%1

"Performance and emission characteristics of
biodiesel from different origins: A review",
Renewable and Sustainable Energy Reviews,



2013.

Publication
"Recent Advances in Material Sciences", <, 1
Springer Science and Business Media LLC, °
2019
Publication
EXCLUDE QUOTES ON EXCLUDE MATCHES <5
EXCLUDE OFF WORDS

BIBLIOGRAPHY



	Characteristic_of_Variable_Compression_Ratio_Diese.pdf
	by

	Characteristic_of_Variable_Compression_Ratio_Diese.pdf
	ORIGINALITY REPORT
	PRIMARY SOURCES


