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ABSTRACT

Because of their low pollution levels and promise as a green alternative fuel for diesel engines, methyl esters of
vegetable oils, often known as bio-diesel, are extremely popular. They don't necessitate any major changes to the
present C.I. Engine. The transesterification process produces the methyl ester of rice brain oil. According to
previous study, BSFC is lower in comparison to diesel. Co and Hc smoke emissions decreased, however NOx
emissions increased. The combustion characteristics of a single cylinder C.I. engine using diesel and a 20% blend
of rice bran methyl ester with diesel fuel were investigated in an experimental study.

Keywords: - Measurement of combustion pressure, rate of pressure rise, and other cylinder parameters such as
instantaneous heat release rate and cumulative heat release rate.

l. INTRODUCTION

Depletion of petroleum reserves, rising vehicle
populations, rising fuel prices, and concerns about
petroleum accessibility, as well as strict emission
standards and global warming due to carbon dioxide
emissions, have compelled the development of
alternative energy sources, which are becoming more
important by the day. The hunt for an
environmentally suitable alternative fuel has
intensified. The energy density and cetane number of
vegetable oils are equivalent to mineral diesel.
Vegetable oils as a diesel engine fuel is not a novel
concept. Although peanut oil and other vegetable oils
were used for engine fuels when Rudolf Diesel
originally built the diesel engine, they may become
as vital as gasoline in the future.

Vegetable oils may be utilized in diesel engines
either unaltered (called straight vegetable oil) or
converted into biodiesel (called biodiesel). However,
certain features of oils, such as high viscosity, high
molecular weight, and low volatility, result in poor
fuel atomization, resulting in difficulties such as
severe engine deposits, injector coking, and piston
ring sticking [2,3]. Biodiesel is made from trans
esterified vegetable oil that has been chemically
changed. Transesterification is a chemical process in
which triglycerides in vegetable oils are transformed
to mono alkyl esters of fatty acids (biodiesel)
utilizing primary alcohols and a catalyst [4,5]. Figure
1 depicts the transesterification chemical scheme.
The physical and chemical properties of crude
vegetable oil can be determined.
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Fig.1: Transesterification Reaction.

Zhang et al [14] studied the combustion characteristics of
a turbocharged direct injection diesel engine employing a
blend of methyl, isopropyl, and winterized methyl ester of
soybean oil as a fuel. Except for isopropyl ester, they
discovered that all fuel mixtures exhibited comparable
combustion behaviour. The ester/diesel blend has a shorter
ignition delay than diesel as a fuel. Senator et al. [15]
found that when using rapeseed oil as a fuel, methyl ester
heat release occurs earlier than when using diesel, that
injection begins earlier, and that the average cylinder gas
temperature is higher when using biodiesel as a fuel. Mc
Donald et al, [16], studied soy bean oil methyl ester as a
fuel on a caterpillar in a direct injection diesel engine and
discovered that overall combustion parameters were
relatively similar to diesel fuel, with the exception of soy
bean methyl ester having a shorter ignition delay. Kumar
et al. [19] discovered that the ignition delay for Jatropha
oil methyl ester was longer than the ignition delay for
diesel as a fuel in a constant speed diesel engine. Selim et
al [9] used a Ricardo compressions swirl diesel engine to
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test jojoba oil methyl ester (JME) as a fuel and discovered
that the pressures and pressure rise rates for JIME are very
close to those for gas oil. JME, on the other hand, has a
somewhat slower pressure rise rate than gas oil, and the
combustion of jojoba oil methyl ester appears to be

slightly delayed. Agarwal et al [7] discovered that a 20
percent linseed oil blend is the best blend for greatest
thermal efficiency. In a previous investigation using rice
bran oil on a single cylinder diesel engine, we observed
similar results,[8].

Characteristics Rice bran oil Diesel Rice bran oil 20% bio diesel
Methyl ester blend (B20)
Specific gravity at 30°C 0.928 0.839 0.877 0.847
Viscosity (cSt) at 40°C 42 3.18 5.3 3.48
Flashpoint (°C) 316 68 183 -
Fire point (°C) 337 103 194 -
C:H:0(%) 74:11:12 82:13:1 73:13:11.6 --

Tablel: Properties of the Fuels.
1. FUEL PREPARATION AND CHARACTERIZATION

Rice bran oil was trans esterified in the presence of a NaOH catalyst using methanol. Temperature, catalyst amount,
molar ratio of alcohol to oil, and reaction temperature were all optimized, and it was discovered that a 9:1 molar
ratio of alcohol to oil, 55 C temperature, 0.75 percent (w/w) catalyst, and a one-hour reaction time were the best for
transesterification of rice bran oil [8]. Rice bran oil was heated in a round bottom flask for transesterification in the
lab. In a separate vessel, NaOH was dissolved in methanol and poured into a round bottom flask while continually
swirling the liquid. The mixture was swirled for about an hour while it was kept at 55 degrees Celsius. For around
24 hours, the reaction products were stored in a separating funnel. Rice bran oil methyl ester and glycerol were
produced during transesterification. The glycerol that makes up the bottom layer was separated. The ester was
rinsed with 10% v/v warm water (70 C) and maintained for about 24 hours to allow the catalyst dissolved water to
settle out. The ester is then blended with mineral diesel at a rate of 20% by volume. Rice bran oil, rice bran oil
methyl ester, and diesel were all characterized in the lab according to ASTM standards. Table 1 lists some of the
features of several fuels.

I11.  EXPERIMENTAL SETUP

For engine testing, a single cylinder DI diesel engine (MDI 3000, Mahindra & Mahindra Ltd, India) was employed.
The engine's parameters are listed in Table2.1.

Four stroke, Naturally Aspirated, Water-Cooled

Type of Engine Engine.

Number of Cylinders Single Cylinder

Bore/Stroke(mm) 89.9/ 102.6
Displacement Vol. (cc) 2320

Compression Ratio 16 :1

Rated Power 42.4kWat 4000rpm

Max. Torque 155N-m at1550rpm

Table2: Specifications of the Engine.

Eddy current dynamometer was connected to the engine (Schenck Avery, India, model ASE 70). The dynamometer
controller was used to control engine speed and load by adjusting excitation current to the eddy current
dynamometer. Figure 2 depicts the experimental setup.
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'Pressure transducer

Fig.2: Experimental Setup.

The combustion pressure was measured using a piezoelectric pressure transducer (AVL, GU21C) mounted in the
engine cylinder head. The pressure transducer's signals were routed into the charge amplifier. TDC and crank angle
signals were provided via a high-precision magnetic shaft encoder. As illustrated in Fig.2, the signals from the
charge amplifier and shaft encoder were sent into a high-speed data acquisition system (AVL, Indi meter-619).

Both B20 and mineral diesel were put through their paces at a constant speed of 700 rpm under five different engine
load conditions: no load, 25%, 50%, 75%, and 100%. For the purpose of decreasing the effect of cyclic variation,
cylinder pressure data was recorded for fifty consecutive cycles and then an average was taken. All of the tests were

conducted with the engine running at a constant speed. The acquired data was compared to baseline data using diesel
as a fuel.

IV. COMBUSTION PARAMETERS

During the premixed burning phase, i.e., the initial stage of combustion, cylinder pressure in a compression ignition
engine is determined by the burned fuel fraction. The ability of a fuel to mix well with air and burn is measured by
cylinder pressure. A significant volume of fuel consumed in the premixed combustion stage corresponds to a high
peak pressure and maximum rate of pressure rise. For diesel and B20 fuel, the cylinder pressure crank angle history
is obtained at various loads. These tests yield peak pressure and maximum rate of pressure rise under various loads.

Figures 3-5 depict the pressure-crank angle diagram for both fuels under various loads. These results show that
peak pressure rises as the load rises, and that fuel combustion for B20 begins earlier than for mineral diesel.
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Fig.3: Pressure-Crank Angle Diagram at No load,600rpm.
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Fig.4: Pressure Crank Angle Diagram at 50% load,600rpm.
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Fig.5: Pressure-Crank Angle Diagram at 100% Load,600rpm.
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Fig.6: Variation of Peak Cylinder Pressure with Engine Load(at600rpm).
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Fig.7: Variation of rate of pressure rise with Engine load(at600rpm).

Figures 6 and 7 indicate that peak pressure and rate of pressure rise for B20 gasoline are higher at low engine loads
(up to 10% load), but decrease as the engine load increases. The difference in pressure, however, is not
considerable.

The crank angle where the peak pressure occurs is shown in Fig. 8.

It indicates that at all loads, maximum pressure occurs between 2 and 7 crank angle degrees after top dead center
for both fuels. At greater loads, pressure reaches its maximum a little later for B20, confirming that the rate of
pressure rise is slower for B20.

Figure 9 depicts the crank angle at which 10% of the fuel mass is burnt. The biodiesel blend burns 10% of the fuel
earlier, as shown in this graph. Figure 10 depicts the crank angle at which 90% of the fuel mass is burnt. This graph
indicates that in the case of diesel, 90% of the fuel is consumed earlier, indicating a higher burn rate for mineral
diesel. This observation backs with the findings in Fig.7. The delayed burning of the injected fuel causes an
increase in combustion time. Due to an increase in the amount of fuel injected, the combustion duration for both
fuels increase as the load increases.

The heat release rate diagrams for both fuels at half and full engine loads are shown in Figures 11 and 12. As is
typical of naturally aspirated engines, both fuels experience quick premixed combustion followed by diffusion
combustion. Following the ignition delay phase, the premixed fuel-air mixture burns quickly, releasing heat at a
high rate, followed by diffusion combustion, with the burning rate controlled by the availability of combustible
fuel-air mixture. By examining these pictures, it is clear that when an engine is fueled with B20, combustion begins
sooner under all operating conditions, and B20 has a shorter ignition delay than mineral; diesel. Diesel has a larger
premixed combustion heat release, which results in higher peak pressure and higher rates of pressure rise.

The cumulative heat release for both fuels at varied engine loads is shown in Figures 13-15. These diagrams
confirm the biodiesel blend's early commencement of heat release. The cumulative heat release for biodiesel mix is
likewise lower than for mineral diesel, probably due to the reduced calorific content of biodiesel blend.
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Fig.8: Crank Angle for Peak Cylinder Pressure.
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Fig.9: Crank Angle for 10% Mass Burn.
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Fig.10: Crank Angle for 90% Mass Burn.
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Fig.11: Heat Release Rate for 50% Engine Load, 600rpm.
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Fig.12: Heat Release Ratefor100%EngineLoad.
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Fig.13: Cumulative Heat Release at 100% Engine Load.
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Fig.14: Cumulative Heat Release at 50% Engine Load.
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Fig.15: Cumulative Heat Release at 0% Engine Load.

V. CONCLUSIONS

Rigorous experimental research was carried out to
determine the combustion properties of biodiesel mix
(B20) against mineral diesel. Various combustion
parameters were evaluated for different engine loads
at a constant engine speed of 600 rpm in a single
cylinder diesel engine, including pressure-crank
angle diagram, peak pressures, crank angle for peak
pressure, crank angle for 10% mass burn, crank
angle for 90% mass burn, instantaneous heat release
rate, cumulative heat release, and so on.

The overall combustion properties of biodiesel mix
(B20) and mineral diesel were found to be very
similar in the experiments. In the case of B20,
however, combustion begins earlier. When compared

to mineral diesel, B20 has a shorter ignition delay
and a somewhat longer combustion duration. During
the premixed combustion phase, B20 had a lower
heat release rate than diesel.

In comparison to mineral diesel, the total heat
released by B20 is smaller. There were no problems
with fuel or combustion when a 20% blend of rice
bran oil methyl ester was used. This extensive test
indicates that biodiesel may replace mineral diesel in
engines without requiring any engine modifications.

ISSN: 2347-8578

www.ijcstjournal.org

Page 52



http://www.ijcstjournal.org/

International Journal of Computer Science Trends and Technology (IJCST) — Volume 10 Issue 2, Mar-Apr 2022

REFERENCES

1)

2)

3)

4)

5)

6)

7)

8)

9

10)

11)

12)

13)

14)

15)

Krawczyk. T. Biodiesel Alternative fuel makes
in roads but hurdle remains, INFORM7, 1996,
pp801-815.

Peterson, C.L. Wagner, G.L & Auld, D.L,
“Vegetable oil substitution for diesel fuel”,
Transaction of ASAE, 26, 1983, pp 322-327.
Muniyappa, P.R., Brammer, S.C., Noureddini,
H., Improved conversion of plant oils and
animal fats into biodiesel and co-product, Bio
resource Technology 56, 1996, pp19-24.

Ma, F., Hanna, M.A., Biodiesel production: a
review, Bio resource Technology 70, 1999,
ppl-15.

Freedman, B., Pryde, E.H., Mounts, T.L,
Variables affecting the yields of fatty esters
from trans esterified vegetable oils, JAOCS 61,
1984, pp 1638-1643.

Agarwal, A.K., Vegetable oil versus diesel
fuel: development and use of biodiesel in a

compression ignition engine, TIDE 8(3),
September 1998, pp 191-204.
Agarwal, A.K., Das, L.M., Biodiesel

development and characterization for use as a
fuel in  compression ignition  engine,
Transaction of the ASME, Journal of
engineering for gas turbines and power, vol
123, 2001, pp440-447.

Sinha, S., Agarwal, A.K., Performance
Evaluation of a Biodiesel (Rice Bran Oil
Methyl Ester) Fuelled Transport Diesel Engine,
SAE 2005-01-1730.

Selim, M.Y.E., Radwan, M.S., Elfeky, S.M.S.,
Combustion of jojoba methyl ester in an
indirect injection diesel engine, Renewable
energy 28, 2003, pp 1401-1420.

Ali, Y., Hanna, M.A., Alternative diesel fuels
from vegetable oils, Bio resource Tech, 50,
1994, pp153-165.

Scholl, K.W., Sorenson, S.C., Combustion of
soybean oil methyl ester in a direct injection
diesel engine, SAE 930934,

Neto da silva, F., Prata, A.S., Teixeira, J.R.,
Technical feasibility assessment of oleic
sunflower methyl ester utilization in diesel bus
engine, Energy conversion & management 44,
2003, pp 2857-2878.

Al-Widyan, M., Tashtoush, G., Abu-qudais,
M., Utilization of ethyl ester of waste vegetable
oils as fuel in diesel engines, Fuel Processing
Tech, 76, 2002, pp 91-103.

Zhang Yu, Van Gerpan J.H., Combustion
analysis of esters of soyabean oil in a diesel
engine, Tran of SAE, SAE 960765.

Senatore, A., Cardone, M., Rocco, V., Prati M.
V., A comparative analysis of combustion

16)

17)

18)

19)

20)

21)

22)

23)

24)

25)

26)

process in D.l. diesel engine fueled with
biodiesel and diesel fuel, Transactions of SAE,
SAE 2000-01-0691.

Mcdonald, J.F., Purcell, D.L., McClure, B.T.,
Kittelson, D.B., Emission characteristics of Soy
methyl ester fuels in an IDI compression
Ignition engine, Transactions of SAE, SAE
950400.

D. Laforgia & V. Ardito, Biodiesel Fueled IDI
Engines: Performances, Emissions and Heat
Release Investigation Bioresource Technology
51 (1995) 53-59.

Kerhuel, Senthil kumar, M., Bellettre, J.,
Tazerout, M., Investigations on a CI engine
Using animal fat and its emulsions with water
and methanol as Fuel, SAE 2005-01-1729.
Kumar Senthil M., Ramesh, A., Nagalingam,
B., An experimental comparison of methods to
use methanol and Jatropha oil in a compression
ignition engine, Biomass and Bioenergy 25
(2003) 309 318.

H. Raheman, A.G. Phadatare, Diesel engine
emissions and performance from blends of
karanja methyl ester and diesel, Biomass and
Bioenergy 27 (2004) 393 397.

Heywood, J.B., Internal Combustion Engine
Fundamentals, International edition, McGraw-
Hill Book Company, pp 508-510.

S Bobba, M Selvamuthukumar, B Harishbabu,
Z Leman “Solar-Based Mosquito Trap for
Household Purposes™ International Journal of
Social Ecology and Sustainable Development
2022

Bachina Harish babu, Dr. K Venkatarao Dr.
Sathish Ben “Modeling and optimization
of dead metal zone toreduce cutting forces
in micro-milling of hardened AISI D2 steel”.
Journal of the Brazilian Society of Mechanical
Sciences and Engineering (2021) 43:142.

S Bobba, et. al. “Experimental Investigation on
the Effect Due to Mould Vibrations on
Mechanical and Metallurgical Properties of
Aluminium Alloy (A-1050)" International
Journal of Surface  Engineering and
Interdisciplinary Materials Science Volume 9
Issue 1 * January-June 2021.

S Bobba, et. al. “Environmental effects on the
mechanical properties of E-glass and S-glass
fiber epoxy composite ring specimens used in
aircraft fuel pipes” INCAS BULLETIN,
Volume 13, Issue 4/ 2021, pp. 17 — 24 (P)
ISSN 2066-8201, (E) ISSN 2247-4528.
Bachina Harish babu et al. “Modeling yield and
backscatter using satellite derived biophysical
variables of rice crop based on Artificial Neural
Networks” Journal of Agro meteorology 22
(2): 41-47 (March 2020).

ISSN: 2347-8578

www.ijcstjournal.org

Page 53



http://www.ijcstjournal.org/

International Journal of Computer Science Trends and Technology (IJCST) — Volume 10 Issue 2, Mar-Apr 2022

27)

28)

29)

30)

31)

32)

33)

34)

35)

36)

37)

M. Selvamuthukumar et.al, “Investigation on
the lubricating behaviour of cashew nut shell
liquid oil as a renewable and reliable
petrochemical product” Materials Today:
Proceedings 44 (2021) 3583

Bachina Harish babu et al. “Study of
Tribological and Thermal Properties of Engine
Lubricant by Dispersion of Aluminum Nano
Additives”

Revue des Composites et des Matériaux Adv
ances Journal
of Composite and Advanced Materials
(RCMA)- Vol.30 No.2, April 2020, PP 103-
107.

Bachina Harish babu et al “Hydrological
Appraisal ~ of  nariganipalli  watershed
(India)using spatial Information Technology”
Indian Journal of Ecology (2020) 47 (2): 281-
285

A Sirisha et al “Spatial Mapping of Rice Crop
Evapotranspiration in Godavari command
area” Indian Journal of Ecology (2020) 47
(2): 361-364

A Sirisha et al. “Evaluation of VIC, ANN and
Empirical Models for Estimating Daily
Reference Evapotranspiration” Indian Journal
of Ecology (2020) 47 Special Issue (11): 29-
36

S Bobba, et. al. “Effect on the Mechanical
Properties of Grey Cast Iron with Variation of
Molybdenum and AS - Cast Alloying
Elements” Universal Journal of Mechanical
Engineering 8(6): 298-304, 2020
http://www.hrpub.org DOl:
10.13189/ujme.2020.080602

Bachina Harish babu et al. “A study on effect
of dead metal zone on tool vibration, cutting
and thrust forces in micro milling of
Inconel718” Journal of Alloys and Compounds
793(2019)343-351

Ayyanna D.S etal. “Land Use Land Cover
Change Detection Using Remote Sensing and
Geographic Information System in Canal
Command Area, Karnataka” Indian Journal of
Ecology (2019) 46(4): 683-690

A Sirisha et al.”Modelling Dissolved Oxygen
Concentration ~ Using  Artificial ~ Neural
Networks” Indian Journal of Ecology (2019)
46(3): 455-459.

Bachina Harish babu et al. “Development of
Sensors by 3D Printing Technology-Fused
Deposition Modelling” International Journal of
Innovative  Technology and  Exploring
Engineering (IJITEE) ISSN: 2278-3075,
Volume-9 Issue-1, November 2019.

Bachina Harish babu et al. “Design and
Analysis of a Sports Vehicle Chassis Frame”

38)

39)

40)

41)

42)

43)

44)

45)

International Journal of Mechanical and
Production  Engineering  Research  and
Development (IJMPERD) ISSN(P): 2249-

6890; ISSN(E): 2249-8001 Special Issue, Feb
2019, 143-152 © TJPRC Pvt. Ltd.

Bachina Harish babu et al. “Development of a
Process for Predicting the Overall Heat
Transfer Coefficient for Transient Heat
Transfer in an Exhaust System by CFD
Analysis” International Journal of Recent
Technology and Engineering (IJRTE) ISSN:
2277-3878.

Bachina Harish babu et al. “Application of
Space-Born Remote Sensing to Analyze Forest
Cover in Chittoor (India) Area” International
Journal for Research in Applied Science &
Engineering Technology (IJRASET) ISSN:
2321-9653; IC Value: 45.98; SJ Impact Factor
:6.887 Volume 6 Issue |, January 2018-
Available at www.ijraset.com

Bachina Harish babu et al. “Socio-Economic
Data  Acquisition Using Mobile GIS
Technology (EPICOLLECT)” IJSART -
Volume 4 Issue 1 — JANUARY 2018 ISSN
[ONLINE]: 2395-1052.

Bachina Harish babu et al. “Development and
Study of Tribological Properties of Bio
Composite for Brake Pad Application”
International Journal of Mechanical and
Production  Engineering  Research  and
Development (IJMPERD) ISSN (P): 2249-
6890; ISSN (E): 2249-8001 Vol. 7, Issue 6,
Dec 2017, 263-270 © TJPRC Pvt. Ltd

Bachina Harish babu et al. “Robot Arm Control
Using Image Processing and Mat Lab for
Simple Writing by Human Gestures”
International Journal of Mechanical
Engineering and Technology (IJMET) Volume
8, Issue 8, August 2017, pp.1401-1405
Bachina Harish babu et al. “Optimized Water
Pumping System Using Arduino for Home
Automation”  International  Journal  of
Mechanical Engineering and Technology
(IIMET) Volume 8, Issue 8, August 2017, pp.
1412-1416

Bachina Harish babu et al. “An Experimental
Approach of Environmental Management Plan
for Designing Asbestos Cement Pipes- A
Model Study” International Journal of
Mechanical Engineering and Technology
(IJMET) Volume 8, Issue 9, September 2017,
pp. 363- 368,

Bachina Harish babu et al. “Case Study on
Performance Evaluation of Drip Irrigation
Systems in Selected Villages of Guntur District
Andhra Pradesh India” International Journal of
Current Microbiology and Applied Sciences

ISSN: 2347-8578

www.ijcstjournal.org

Page 54



http://www.ijcstjournal.org/

International Journal of Computer Science Trends and Technology (1JCST) — Volume 10 Issue 2, Mar-Apr 2022

ISSN: 2319-7706 Volume 6 Number 2 (2017)
pp. 437- 445

46) Bachina Harish babu et al. “Nano composites
in Food Packaging” International Journal of
Recent Technology and Engineering (IJRTE)
ISSN: 2277-3878, Volume-2, Issue- 6, January
2014.

47) Bachina Harish babu et al. “Effect of Using
Trans esterified Vegetable QOil as Fuel on
Performance and Emission in Cl Engine —
(Experimental Investigation)” International
Journal of Engineering Research & Technology
(NERT)Vol. 3 Issue 1, January — 2014.

48) Bachina Harish babu et al. “Design
Optimization of Counter Weight of Front-End
Loader Through Dynamic Mass Balancing”
International Journal of Engineering Research
& Technology (IJERT), Vol. 3 Issue 3, March
—2014.

49) Bachina Harish babu et al. “The Effect of
Injection Pressure on Engine Performance
While the Engine is Running on
Electrolytically Generated Hydrogen Oxygen
Mixture” IDAD2014, February 22 24, 2014.

ISSN: 2347-8578 www.ijcstjournal.org Page 55



http://www.ijcstjournal.org/

