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Abstract
Compare to the other internal combustion engines, the Diesel engine contributes a considerable part in air
pollution; especially by emission of sulfur oxides (SOx) along with NOx, CO, and HC, those have a
signi�cant effect on the environment as well as on the human health. In concern to the fact, maintaining
of the emissions out of diesel engines into the environment is mandatory; accordingly, a standard for
emission regulation is set stringently from the BS-IV to BS-VI in this decade. Under this background, it is
essential to look for an alternative method to reduce the emissions. Blending of biofuel with diesel is one
of the suitable methods. On the track, most of the research works considered neem and jatropha oil as
biofuel for blending. However, use of rice bran oil (RBO) is an interesting option, and rarely considered as
a biofuel for the engines. In the present work, thus, the emission of pollutants and performance of a
single cylinder Diesel engine with variable compression ratio (VCR) facility, made of Kirloskar, are
investigated experimentally powered using blending of rice bran oil (0%, 15% and 30%) with diesel under
three suitable compression ratios. It is observed, out of the experimental results, that the emission of
major pollutants is less compare to using of pure diesel, together with almost same power output, which
is a signi�cant outcome of the research. This work recommends blending of the rice bran oil up to a limit
of 30% in diesel and the engine is to be operated at moderate load.

Introduction
Increase in population and urbanization forces the civilization to consume more fossil fuels in order to
supply necessary and enough amount of energy for living. The emissions out of the combustion of these
fossil fuels not only result in degradation of the air quality, but also create severe health issues to the
human being in a long-term basis. The fact leads an attention of the researchers to think about usage of
alternative fuels particularly in the automobile sector. Many research works reported in this direction for
usage of the alternative fuels, either in solo or blended manner. Among various biodiesels, rice bran oil
(RBO) attracted a great deal of attention as an alternative fuel in the form of blender due to low
emissions on combustion and easily available in the market. Some of the major research works on usage
of RBO and related works are presented here. Hoang et al. [1] presented evolution of the brake thermal
e�ciency (BTE) and brake speci�c fuel consumption (BSFC) using RBO as a blender. Dwivedi et al. [2]
concluded on conducting experiments that the excess blending of biodiesel in the primary fuel leads a
decrease in engine power output. This is probably due to less calori�c value of the biodiesel compare to
the diesel, also reported by Xue et al. [3]. In context to the emission of pollutants, Canaki and Garpen [4]
presented that the biodiesel like soybeans oil reduces the exhaust gas emissions. Goga et al. [5] reported
that increase in percentage (%) of biodiesel as the blender results in decrease of CO emission, due to
presence of more oxygen particles at higher percentage (%) of the blender. Further, compare to the diesel,
the biofuels have a high cetane number that leads a decrease to the ignition delay that results increase in
pressure of the cylinder [6, 7]. The rich content of oxygen in the biofuels leads to the better combustion [8,
9] and decreases the carbon monoxide (CO), particulate matter (PM), and smoke [10, 11] in the emissions.
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However, the NOx emission increases with use of the biofuels compare to conventional fuels [12, 13] due
to high temperature inside of the engine cylinder [14].

The above review indicates that blending of biofuels in diesel is advantageous as the biofuels have a
high cetane number and more oxygen content those lead to a better combustion and high-pressure rise
[6–9] inside of the engine cylinder and reduces pollutants in the emissions. However, commercialization
of this blending of biofuels in the primary fuels is till in developing stage, and an emerging research area
in this decade. In addition, among the biofuels, the use of rice bran oil (RBO) is an interesting option due
to its easy extraction and availability in the market, and that rarely used as the biofuel for blending with
diesel. Accordingly, the present study aimed to carry out an analysis of the performance as well as
emissions experimentally of a stationary Diesel engine facilitating the variable compression, made of
Kirloskar, using diesel blended with rice bran oil (RBO) in accordance to establish the method of blending
and accomplish to the standard of BS-VI emissions. The study involves reporting on major decisive
parameters related to the performance such as brake power (BP), and brake thermal e�ciency (BTE) as
well as the emissions like NOx, SOx, COx and hydrocarbon (HC) etc. The study is conducted for three
signi�cant operating parameters: variable compression ratio (14–18), engine loading conditions (0–16
kg), and blending percentage (0–30%) of rice bran oil (RBO) with diesel towards establishing the
utilization of rice bran oil (RBO) as a blender with diesel.

Experimental Setup
In order to conduct experiments, a single cylinder facilitating the variable compression and direct injection
compression ignition (CI) diesel engine is considered; as it is available in the Workshop of NIT Sikkim.
The schematic of the engine is shown in Fig. 1 along with pictorial view of engine head and measuring
unit. The major speci�cations of the present engine are given in the Table-1. It is directly coupled with an
eddy current dynamometer having a load capacity up to a maximum value of 16 kg to measure the brake
power. The experiments are conducted at variable compression ratio (CR) in the range of 14–18. The fuel
consumption rate is also measured for different load conditions and compression ratios (CRs).

The thermocouples (K-type) measure the temperature of exhaust gases. Subsequent, a gas analyzer
measures the amount of different pollutants in the exhaust gas in order to analyse the emissions.
Speci�cations of the gas analyser are presented in Table-2.
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Table 1
Speci�cations of the diesel compression ignition (CI) engine

Description of the parameters Value

Type of ignition 4-stroke and CI

Number of cylinders (N) 1

Manufacture of the engine Kirloskar

Bore diameter of the engine (D) 87.50 mm

Stroke length of the engine (L) 110 mm

Connecting rod length of the engine (l) 234 mm

Dynamometer arm length (S) 185 mm

Power (Po) 3.5 kW

Table 2
Speci�cations of present exhaust gas

analyzer
Measuring Pollutant Range

CO 0-15.5%

CO2 0–21.00%

HC 0-20000 ppm

O2 0–25%

Types Of Blended Fuels And Properties
The experiments are conducted using diesel and blended diesel with rice bran oil (RBO). The rice bran oil
is extractable from the hard outer brown layer of rice. In this paper, two types of blended diesels are
considered for experiments, namely B15 and B30. The fuel preparation is shown in Fig. 2. B15 and B30
are prepared by mixing 1.7 lt. diesel with 0.3 lt. rice bran oil and 1.4 lt. diesel with 0.60 lt. rice bran oil,
respectively. It is noted that the viscosity of RBO is high. The properties of B15 and B30 fuels are
calculated from properties of diesel and the rice bran oil. According properties of the fuels are represented
in Table-3.
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Table 3
Properties of Diesel, B15 and B30

    Calori�c value ( C in kJ/kg) Density (kg/m3)

Diesel   42000 830

Rice Bran Oil 37000 920

B15   41182 843.5

B30   40389 857

Results And Discussion
On the basis of various experimental data and the standard performance equations, both characteristics,
i.e., performance and emission of the VCR Diesel engine using diesel, B15 and B30 as the fuels are
calculated and presented in this section.

The brake power (BP) of the engine is calculated as

The related brake thermal e�ciency (BTE) of same engine is calculated as

Brake Power (Bp) Evaluation
The experiments are conducted for various load conditions likes 0 kg, 4.0kg, 8.0kg, 12.0kg, and 16.0kg
under different compression ratios (CR) in order to evaluate the performance parameters. The considered
compression ratios are 14, 16, and 18. For each compression ratio, three different experiments are
conducted using the diesel, B15, and B30, separately. Following the calculation, Fig. 3(a) represents the
brake power (BP) output for the compression ratio of 14 at various load conditions; whereas Fig. 3(b) and
Fig. 3(c) represent the brake power (BP) output for the compression ratios of 16 and 18, respectively.

As observed from the Fig. 3, the brake power (BP) is increasing with increasing load condition at any of
the compression ratios and any type of fuels, e.g., in case of pure diesel, the brake powers are 0 kW, 1.19
kW, 2.36 kW, 3.50kW, 4.6 kW for the compression ratio (CR) of 18 at 0kg, 4.0kg, 8.0kg, 12.0kg, and 16.0kg
loads, respectively; and comparing the results for different compression ratios at any particular case of
the fuels, it is found that the brake power increases with increasing compression ratio at par the standard.
At 16 kg load using the pure diesel, the brake powers are found as 4.40kW, 4.50 kW and 4.59 kW for the
compression ratios (CRs) of 14, 16, and 18, respectively.

BP = (kW)
2 × π × N (rpm) × Load (kg) × g(m/s2) × S (m)

60 × 1000

BTE = × 100 (%)
BP

ṁfuel × Cfuel



Page 6/17

Now, for any of the loads and compression ratios, the brake power output is almost same for diesel, B15
and B30. For an example, at 16 kg load and compression ratio of 16, the brake powers are 4.60743 kW,
4.61047 kW, 4.60743 kW for the diesel, B15 and B30, respectively, those are almost same.

Brake Thermal E�ciency (Bte)
Brake thermal e�ciency (BTE) is another major parameter of the engine, presented here in order to
understand the qualitative evolution of the chemical store energy during combustion of the fuels.
Accordingly, experiments are conducted using three different fuels (diesel, B15 and B30) for different
compression ratios (14, 16, and 18) at 0kg, 4.0kg, 8.0kg, 12.0kg, and 16 kg loads. Figure 4(a) represents
the brake thermal e�ciency for the compression ratio of 14 at various load conditions; Fig. 4(b) and
Fig. 4(c) represent the brake thermal e�ciency for the compression ratios of 16 and 18, respectively.

It is obvious from the Fig. 4 that the brake thermal e�ciency (BTE) is increasing with increase in the load,
which is applicable for any of the compression ratios and any type of fuels. It is also observed that the
brake thermal e�ciency (BTE) increases with increase in the compression ratio. As example, for B15 and
16 kg load, the brake thermal e�ciency (BTE) in percentage (%) is 23.83, 23.89, and 23.95 at
compression ratios (CRs) of 14, 16, and 18, respectively. Overall based on all the experiments, it is found
that the BTE varies a little (an approx. average of 1.5%) on blending of rice bran oil with diesel.

Emission measurement
In order to maintain a green environment and standard of BS-VI for a diesel engine, reduction of
emissions is essential at any cost in this decade. Blending of diesel with rice bran oil (RBO) is an option
for reduction of the emissions. In this regard, all of the above experiments involve measurement of
emissions, i.e., SOx, NOx, CO and hydrocarbon (HC) using a gas analyzer. The details of the emissions are
presented here as:

SOx emission
Figure 5 represents emission of SOx at various load conditions for diesel, B15 and B30 under different
compression ratios. Figure 5(a) presents SOx emission for compression ratio of 14, Fig. 5(b) and Fig. 5(c)
present SOx emission for the compression ratios (CRs) of 16 and 18, respectively. As seen, the SOx
emission has a decreasing nature with increase in compression ratio. For all of the experiments, it is
found that SOx emission is less in case of B15 and B30 biofuels compare to the diesel. It is also observed
that increasing blending of the rice bran oil with diesel does not reduce the SOx emission much, rather
increase SOx emission on increase of blending of the rice bran oil (RBO). In Fig. 5(b), it is clear that SOx
emission is more in case of B30 than B15. This limits the blending of rice bran oil to a maximum of 30%
with diesel. Further, it is seen from Fig. 5 that SOx emission is low under the loads between 4kg to 12kg
for all of the fuels. The average reductions of SOx emission on blending of RBO are 27.63%, 50.84%, and
67.97% for compression ratios (CRs) of 14, 16, and 18, respectively.
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NOX emission
NOx emission for all of the experiments is presented in Fig. 6 at various load conditions using diesel, B15
and B30 under the different compression ratios. Figure 6(a) presents NOx emission for compression ratio
of 14, Fig. 6(b) and Fig. 6(c) present NOx emission for the compression ratios of 16 and 18, respectively.
Figure 6 indicates that NOx emission is low at low and high loads, and a comparably increases at the
moderate load. It is observed that the NOx emission is increasing with increase in compression ratio.
However, the emission of NOx is reasonably low while the diesel as a primary fuel is blended with the rice
bran oil (RBO). The average reductions of NOx emission on blending of RBO are 28.15%, 21.65%, and
12.71% for compression ratio of 14, 16, and 18, respectively.

CO emission
Emission of CO for all of the experiments is measured and presented in Fig. 7 at various load conditions
using diesel, B15 and B30 as fuels under different compression ratios. Figure 7(a) presents the measured
CO emission for compression ratio of 14, Fig. 7(b) and Fig. 7(c) present the CO emission measured for
the compression ratios (CRs) of 16 and 18, respectively. As per the Fig. 7, CO emission is decreasing with
increase in the load for all fuels and all compression ratios. As observed, the CO emission is little less in
case of B15 and B30 compare to the diesel. The average reductions of CO emission on blending of RBO
are 10.33%, 10.53%, and 19.87% for the compression ratios of 14, 16, and 18, respectively.

Hydrocarbon (Hc) Emission
Figure 8 represents the emission of hydrocarbon (HC) at various load conditions for diesel, B15 and B30
under different compression ratios. Figure 8(a) shows HC emission for compression ratio of 14, Fig. 8(b)
and Fig. 8(c) show the HC emission for the compression ratios of 16 and 18, respectively. As seen from
the Fig. 8, the HC emission is decreasing with increase in the compression ratio (CR). It is also seen from
the Fig. 8 that the HC emission is high at low and high load conditions, and low HC emission at the
moderate load condition, i.e., between 8 kg to 12 kg. As observed from the experiments, the HC emission
is more in case of B15 and B30 biofuels compare to the diesel. The average increases of HC emission on
blending of RBO are 12.66%, 2.5%, and 10.67% for compression ratio of 14, 16, and 18, respectively.

Conclusion
The present experimental study involves presentation of the characteristics for performance and
emission of a VCR Diesel research engine powered by diesel and blended diesel with rice bran oils under
different compression ratios (CR) and variable loading conditions. It is found that the brake power output
is almost same for diesel as well as blended biofuels, i.e., B15 and B30. The variation of the brake
thermal e�ciency (BTE) is very little, an average of 1.5% for all of the fuels. Based on the emission
analysis, SOx, NOx, CO emissions are decreasing on blending of diesel with the rice bran oil (RBO); and
the blending of rice bran oil is suitable up to a limit of 30%. It is also observed that the engine emits less
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pollutant on moderate operating load. However, HC emission increases with increasing blending
percentage (%) of the rice bran oil with diesel, which is very less. In brief, on the basis of experimental
results, this is concluded that blending of rice bran oil (RBO) is bene�cial in accordance to reduce the
emissions, and towards reaching to the standard of BS-VI.  

References
1. Hoang, A. T., Tabatabaei, M., Aghbashlo, M., Carlucci, A. P., Olcer, A. I., Le, A. T., Ghassemi, A.,

2021.Rice bran oil based biodiesel as a promising renewable fuel alternative to petro diesel: A
review.Renewable and Sustainable Energy Reviews.135:110204.10.1016/j.rser.2020.110204

2. Dwivedi, G., Jain, S., Sharma, M. P., 2011.Impact of Biodiesel and its Blends with Diesel and Methanol
on Engine Performance.Int. J. Energy Science.2(1), 105–
109.http://dx.doi.org/10.4236/sgre.2011.23022

3. Xue, J., Grift, T. E., Hansena, A. C., 2011.Effect of biodiesel on engine performances and
emissions.Renewable and Sustainable Energy Reviews.15, 1098–
1116.http://dx.doi.org/10.1016/j.rser.2010.11.016

4. Canaki, M., Van,Garpen, J. H., 2003.Comparison of engine performance and emissions for petroleum
diesel fuel, yellow-grease biodiesel and soybean-oil biodiesel.Transactions of the ASAE.46(4), 937–
944.DOI: 10.4236/sgre.2011.22019

5. Goga, G, Chauhan, B, Mahla, S.K, Cho, H.M., 2019.Performance and emission characteristics of diesel
engine fueled with rice bran biodiesel and n-butanol.Energy Reports.5, 78–83.
doi:10.1016/j.egyr.2018.12.002

�. Shah, A. N., Yun-shan, G. E., Chao, He., Baluch, A. H., 2009.Effect of Biodiesel on the Performance and
Combustion Parameters of a Turbocharged Compression Ignition Engine<background-
color:#CCFF99;idirection:rtl;>.</background-color:#CCFF99;idirection:rtl;> Pakistan Journal of
Engineering & Applied Science.4, 34–42.

7. Abdullah, N. R., Liu, D., Park, T., Xu, H. M., Wyszynski, M. L., Tsolakis, A., 2013.Effect of Variations of
Biodiesel Blends on Engine Combustionand Emissions.
Available:http://www.birmingham.ac.uk/Documents/college-eps/mechanical/staff/xu/xu-biodesiel-
blends.pdf, accessed on:16-09-2021.

�. Tsolakis, A., Megaritis, A., 2005.Partially premixed charge compression ignition engine with onboard
H2 production by exhaust gas fuelreforming of diesel and biodiesel<background-
color:#CCFF99;idirection:rtl;>.</background-color:#CCFF99;idirection:rtl;> Int.J. Hydrogen
Energy.30(7), 731–745. https://doi.org/10.1016/j.ijhydene.2004.06.013

9. Chuepeng, S., Xu, H. M., Tsolakis, A., Wyszynski, M. L., Price, P., Stone, R., Hartland, J. C., Qiao, J.,
2008.Particulate Emissions from aCommon Rail Fuel Injection Diesel Engine with RME based
Biodiesel Blended Fuelling Using Thermogravimetric Analysis.SAE Paper,2008-01-0074,
doi:10.4271/2008-01-0074



Page 9/17

10. Zheng, M., Mulenga, M. C., Reader, G. T., Wang, M., Ting, D.Sk., Tjong, J., 2008.Biodiesel engine
performance and emissions in low temperature combustion.Fuel.87, 714–722.
https://doi.org/10.1016/j.fuel.2007.05.039

11. Çelikten, I., Koca, A., Arslan, M. A., 2010.Comparison of performance and emissions of diesel fuel,
rapeseed and soybean oil methyl esters injected at different pressures.Renewable Energy.35, 814–
820.10.1016/j.renene.2009.08.032

12. Imdat, T., Mucahit, S., 2010.Performance and Emission Characteristics of a Diesel Engine Using
Esters of Palm Olein/Soybean Oil Blends.Int. J. Vehicle Design.54(2), 177–189.doi:
10.1504/IJVD.2010.035358

13. Hazar, H., 2009.Effects of Biodiesel on a Low Heat Loss Diesel Engine.Renewable Energy.24(6),
1533–1537.https://doi.org/10.1016/j.renene.2008.11.008

14. Mustapic, Z., 2006.Biodiesel as Alternative Engine Fuel.Energy.55(6), 634–
657.https://hrcak.srce.hr/7868

15. Chuah L.F, Aziz ARA, Yusup S, Bokhari A, Klemes JJ, Abdullah MZ., 2015. Performance and emission
of diesel engine fuelled by waste cooking oil methyl ester derived from palm oil in using
hydrodynamic cavitation. Clean Technologies and Environmental Policy.17:2229–2241.
doi:10.1007/s10098-015-0957-2

1�. Resitoglu IA, Keskin A., 2017. Biodiesel production from free fatty acids and the effects of its blends
with alcohol–diesel on engine characteristics. Clean Technologies and Environmental Policy
19:925–931. doi:10.1007/s10098-016-1255-3

17. Thiyagarajan S, Geo VE, Martin LJ, Nagalingam B., 2017. Simultaneous reduction of NO–smoke–
CO2 emission in a biodiesel engine using low-carbon biofuel and exhaust after-treatment system.
Clean Technologies and Environmental Policy 19:1271–1283. doi: 10.1007/s10098-016-1326-5

1�. Datta A, Mandal B.K.,2018. Numerical prediction of the performance, combustion and emission
characteristics of a CI engine using different biodiesels Clean Technologies and Environmental
Policy 20:1773–1790. doi.org/10.1007/s10098-018-1567-6

19. Debbarma S, Misra RD, Das B., 2020. Performance of graphene-added palm biodiesel in a diesel
engine. Clean Technologies and Environmental Policy. doi.org/10.1007/s10098-019-01800-2

20. Dey P, Ray S., 2020. Comparative analysis of waste vegetable oil versus trans esteri�ed waste
vegetable oil in diesel blend as alternative fuels for compression ignition engine. Clean Technologies
and Environmental Policy 22: 1517–1530. doi.org/10.1007/s10098-020-01892-1

Figures



Page 10/17

Figure 1

(a) Schematic of the experimental setup, (b) single cylinder variable compression ratio engine, and (c)
loading and measuring unit
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Figure 2

(a) Preparation of blended biofuels, (b) two types of blended biofuels (B15 and B30)
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Figure 3

Comparison of the brake power (BP) output at different loads for (a) CR: 14, (b) CR: 16, and (c) CR: 18
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Figure 4

Comparison of the brake thermal e�ciency (BTE in %) at different loads for (a) CR: 14, (b) CR: 16, and (c)
CR: 18
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Figure 5

Comparison of SOx emission at different loads for (a) CR: 14, (b) CR: 16, and (c) CR: 18
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Figure 6

Comparison of NOx emission at different loads for (a) CR: 14, (b) CR: 16, and (c) CR: 18
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Figure 7

Comparison of CO emission at different loads for (a) CR: 14, (b) CR: 16, and (c) CR: 18
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Figure 8

Comparison of HC emission at different loads for (a) CR: 14, (b) CR: 16, and (c) CR: 18


