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Graphical abstract

Abstract

Numerous alternative fuels such as biodiesel as well as
alcohols have been commercialized in both the industrial
and transportation sectors. Cottonseed oil and propanol
piqued our curiosity in this context. Many researches has
been conducted on a single cylinder four strokes diesel
engine competent of generating 6.3 kW at 2000 r.p.m and
in changing load conditions for mixture of Cottonseed oil
as well as Propanol by means of diesel geared up on a
volume base, namely D90-C10, D85-C10-P5, D80-C10-P10,
D80-P20, D75-C20-P5 and D70-C20-P10. The results
suggest that adding cottonseed oil to diesel improves
thermal efficiency while lowering specific fuel usage. With
an increase in HC emission, escalating the percentage of
cottonseed oil in the merge trim down emanation
parameters like CO, CO2 and NOx. Propanol added to a
cottonseed oil merged along with diesel has a comparable
consequence to adding pure cottonseed oil in various
proportions.

Keywords: Air quality, emission, cotton seed oil, diesel,
compression ignition

1. Introduction

The diesel engine has always been subjected to stringent
pollution norms and regulations that are impossible to
achieve by just changing engine characteristics,
necessitating the modification of the fuel itself. Essential
qualities like cetane number, heating value in addition to
viscosity play an significant influence in engine
performance and emanation testing. Because the diesel
engine was designed for running with vegetable oil and
other biodiesels (Rajan et al., 2022; Hazar and Sevinc,
2023), it is a great alternative to diesel. In general, this
characteristic is taken into consideration when assessing
engine performance, particularly when vegetable oil and
other biodiesel (Arunkumar et al., 2021; Musthafa et al.,
2023) be used since its viscosity is elevated when
compared with diesel. Transesterification, combining with
diesel and Micro emulsion are some of the ways utilized
to reduce kinematic viscosity. Koli et al. (2014)
demonstrated the performance characteristics of a
twofold vegetable oil combined by through diesel. DMP10
(Diesel-90%, Mustard 0il-5% and Palm oil-5%) and DMP20
(Diesel-80%, Mustard o0il-10% and Palm 0il-10%) mixes
provided greater BTE, inferior overall fuel utilization along
with minor BSFC when compared to other merge (DMP30,
DMP40 and DMP50). Devan et al. (2009) tested tidy poon
oil in addition to its merge through petroleum diesel. They
found that when the engine is fed by means of inferior
poon oil-petrodiesel merge contrast to petrodiesel, the
engine power output along with fuel consumption are
nearly identical. They found a 32 percent diminution in
NOx emissions on behalf of poon oil at full load and a 4%
decline on behalf of its 20% merge. CO emanation from
tidy poon oil and its mixtures were greater, with the
exception of the tidy 20 merge, which saw a 12 percent
reduction. With neat poon oil, they saw an 18% rise in HC
emissions, but with neat 20 blend, they saw a 14 percent
reduction. Finally, they came to the conclusion that lower-
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poon oil-petrodiesel mixes could be a good alternative
fuel for diesel engines

Improvement in karanja oil as biodiesel is shown in this
work (Bajpai et al., 2009). When compared to gasoline,
gasoline ethanol merge through additives like
cyclooctanol and cycloheptanol boosted brake thermal
efficiency with a decline in CO, CO2, as well as NOx whilst
HC and 02 augmented reasonably, according to Balaji et
al. (2010). Biodiesel in the midst of Diethyl Ether in a C.I
engine abridged NOx emanation while improving brake
thermal efficiency slightly, according to VenkataSubbaiah
et al. (2010). Michikawauchi et al. (2011) Adding ethanol
with diesel biodiesel merge improved brake thermal
efficiency while lowering carbon monoxide emanation
while increasing hydrocarbons, nitrogen oxides, and
carbon dioxide emanation. According to Zhang et al.
(2005), adding Di-Methyl-Carbonate with diesel improves
competence slightly while lowering NOx emissions and
lowering PM and soot emissions significantly. In their
experiment, Ziesjewski et al. (2016) mixed 25% sunflower
oil with 75% petrodiesel and utilized in a Cl engine. They
came to the conclusion that diluting sunflower oil with
solvents reduces their viscosity. Engine performance
issues for instance, injector coking in addition to increased
carbon deposits, could be solved this manner. Based on
their research through Jatropha, karanja and polanga
biodiesels, Sahoo and Das et al. (2009) concluded that the
appropriate merge for most favourable performance and
squat emanation characteristics depends on the specific
feedstock as well as succeeding biodiesel configuration in
addition to Jatropha, karanja and polanga seed oils are
moderately appropriate as a substitute towards diesel.
Propanol provides a variety of advantages over ethanol
and methanol, including a lower risk of corrosion, a
superior calorific value, a advanced Cetane number,
subordinate polarity and superior solvent properties for
mixing by way of diesel as well as vegetable oils (Firat et
al., 2022; Khan et al., 2022). Based on literature reviews, it
has been identified that no research has been carried on
Cotton seed oil and Propanol blends.

Propanol is chosen over other frequent alcohols when
combining through diesel fuel because of these benefits.
The goal of present swot was to look at the consequences
of several fuel blends (Yilmaz et al., 2014; Ajav et al.,
1999; He et al., 2003) such as D90-C10 (Diesel 90%, Cotton
seed oil 10%), D85-C10-P5 (Diesel 85%, Cotton seed oil
Table 1. Specifications of engine

RAVI et al.

10%, Propanol 5%), D80-C10-P10 (Diesel 80%, Cotton seed
oil 10%, Propanol 10%), D80-C20 (Diesel 80%, Cotton seed
oil 20%), D75-C20-P5 (Diesel 75%, Cotton seed oil 20%,
Propanol 5%) and D70-C20-P10 (Diesel 70%, Cotton seed
oil 20%, Propanol 10%). The findings of the mixes tests be
evaluated to the findings of the diesel fuel tests.

2. Techniques and Methodology

The performance and emission characteristics of a
elevated speed direct injection diesel engine were
acquired by utilizing cottonseed oil blended with 10%,
20%, 5%, and 10% Cotton seed oil by volume with the
Diesel and Propanol at 2000 rpm correspondingly. The
experimentation was carried out on an investigational unit
consisting of a 4-stroke direct injection diesel engine
linked to an eddy current type dynamometer, producing a
load throughout a scope of 0—18 kg, but merely up to a
maximum weight of 16 kg. The engine is a steady speed
category through a stable speed of 2000 revolutions per
minute. Figure 1 represents the experimental setup.
Various sensors are installed throughout the engine to
measure various factors, for instance speed, crank angle,
temperature as well as pressure. The engine is a Kirloskar
made by means of a 5000psi range and a piezo pressure
sensor made by PCB Piezotronics. The load sensor is a
load cell category made by Sensotronics Sanmar Ltd and
has a 50 kilogram range. The crank angle sensor is a
Kubler-Germany product with a 3600 range. A ‘k’ type
thermocouple is used as the temperature sensor. The
Table 1 represents the specifications of engine.

Figure 1. Engine Setup

Make and model

Kirloskar, TAF1

Number of cylinders

1

Combustion chamber

Hemispherical

Piston Shallow Bowl-in
Bore mm 87.5
Stroke mm 110
Connecting rod length mm 220
Swept volume, cm3 661
Clearance volume, cm3 36.87
Compression ratio 17.5:1
Rated power, kW 4.4
Rated speed, rpm 2000
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Injection type

Direct Injection

Number of Nozzle holes 3
Spray hole diameter, mm 0.25
Injection pressure, bar 210

The emanation numbers were calculated by means of an
AVL DiGas 444 analyzer, which can measure four gases
such as CO, CO2, NOx, and HC. The analyser is a pipe
category, which means we must slot in the probe into the
tail pipe furthermore monitor the results intended for a
period of time to determine the value present in the
emission. The merge were made with blending diesel by
means of cottonseed oil as well as propanol directly in a
blender, with no requirement for preheating or other aids
because both components were miscible in diesel. Even
Table 2. Properties of test fuel

after a long period of stagnation, no distinct strata were
visible in the mixture. As a result, the components are said
to have strong mixing qualities. Cottonseed oil was used in
10 percent and 20 percent of the blends, and propanol
was used in 5 percent and 10% of the blends, respectively.
The Table 2 represents the test fuel properties. Figure 2
represents the blends of Diesel, Propanol and Cotton seed
oil.

Fuel/blend Density (Kg/m3) Calorific value (Kj/Kg) Kinematic viscosity (mm?2/s) Cetane index
Diesel 837 42500 2.6 45
Cotton Seed Oil 914 39648 50 42
Propanol 811 33800 2.32 18
D90-C10 835 42360 6.7 43
D85-C10-P5 843 41729 6.61 43
D80-C10-P10 841 41243 6.38 42
D80-C20 852 41930 11.08 44
D75-C20-P5 850 41458 10.64 43
D70-C20-P10 848 40987 10.19 42

Figure 2. Diesel, Propanol and Cotton seed Oil blend

3. Results and conversation

3.1. Brake thermal efficiency

Figure 3 depicts the current disparity in BTE Cottonseed
oil as well as Cottonseed oil-Propanol fuel mixes in
comparison to unadulterated diesel fuel. With the
addition of 5% and 10% propanol to the biodiesel, there is
a very minor rise in BTE. When contrast to diesel at full
load, D80-C10-P10 displays a 3 percent greater BTE. The
engine produces rather towering BTE values for the
merged fuel in the current test by means of diesel,
cottonseed oil as well as cottonseed oil merge, which can
be endorsed in the direction of elevated combustion

owing to the oxygen concentration of the merge (Khan et
al., 2022). In addition, adding Propanol to cottonseed oil
in various blends does not result in a substantial reduction
in heating value or Cetane number of the fuel. Aside from
the blended fuel's energy level, the higher BTE could be
attributed to the inside cylinder's elevated temperature,
which allows the fuel to vaporize as quickly as other
mixes, resulting in better mixing and burning. Similar
observations have been made with the other research
work (Firat et al., 2022).
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Figure 3. BTE Vs Load
3.2. Brake Specific Fuel Consumption (BSFC)

The maximum BSFC on behalf of the mix D90-C10 is
shown in Figure 4, indicating that the fuel was spent
supplementary for the equivalent quantity of power
production. Figure 3 depicts the current discrepancy in
BSFC of cottonseed oil and cottonseed oil-propanol
mixtures in comparison to unadulterated diesel. As can be
seen in Figure 3, diesel has the least possible BSFC, which
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is on average 10% elevated than the other merge. The
BSFC for D85-C10-P5 and D80-C10-P10 is 0.3 (kg/kWh),
which is the identical as diesel at complete loading
stipulation. Aside from the mixtures poor heating value
when compared to others, the above-mentioned mixing
of fuel and air could be the cause of the same BSFC. When
shown in Figure 3, as the quantity of cottonseed oil grows,
the heating value drops, implying that a large quantity of
fuel is requisite to create the quantity of energy needed to
meet the power demand (Heywood, 1988). Another cause
could be the increased volatility of propanol, which raises
the integration velocity of the air/fuel assortment,
accelerates the combustion progression and improves
combustion efficiency (Qi et al., 2011).
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Figure 4. BSFC Vs Load
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Figure 5. CO Vs Load
3.3. Carbon monoxide (CO)

Figure 5 depicts CO emission levels in percent volume
plotted against load with no variation in speed. The curve
exhibits a typical flow as it diminishes with growing load,
reaches a low point in the cruising assortment and then
rises. The consequence of CO in the exhaust continues to
fall as the importance of Cotton seed oil in the merge
rises. It is due to the existence of additional oxygen in the
mixtures, which appears to have the dominant influence
even in locally (fuel) rich zones (Sureshbabu et al., 2023;
Xiao et al., 2014; Bhanu Teja et al., 2022). As we raise the
amount of Cotton seed oil in the merge, this continues to
rise. It's possible that this is due to the need for a distinct
C/H ratio. Cottonseed oil merged with Propanol reduces
CO emissions by 15-20 percent on average, one reason
for the decline in CO emissions with the blends could be
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Propanol's substantially subordinate C/H ratio (Atmanl et
al., 2014).

3.4. Carbon dioxide (COz)

The measurements of CO2 emission in percent volume are
displayed versus load without changing the speed in
Figure 6. The characteristic curve in Figure 5 peaks at 75
percent load. The effect of adding Cottonseed oil and
propanol has distinct effects on CO2 formation at different
loads, as shown in Figure 5, and D90-C10 has always been
at the top of the curve and D70-C20-P10 has always been
at the bottom. However, based on average data, we can
assume that the quantity of CO:z in the exhaust decreases
as the quantity of cottonseed oil in the combine grows,
which is reciprocal in the case of adding propanol,
tumbling the quantity of CO2 in the exhaust. CO2
production is also influenced by the carbon/hydrogen
ratio in the fuels. Carbon content in merge with higher
carbon content result in higher CO2 emissions in exhaust
gases. Other blends' carbon levels are inferior in the
similar quantity of fuel devoted at the equivalent engine
speed when compared to diesel fuel, which explains why
CO: generation is low (Xiao et al., 2014).
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Figure 6. CO, Vs Load
3.5. Oxides of Nitrogen (NOx)

The Figure 7 represents the quantity of NOx emanation in
ppm with load devoid of changing the speed. The curve
resembles a normal NOx curve in that it rises with load,
raising the temperature in the cylinder and so producing
more NOx. When contrast to diesel and other merge,
there is a drop in NOx for the mixture D70-C20-P10 at full
load. When compared to diesel, a 2 percent drop was
seen at maximum load. The amount of propanol in the
mix is usually proportionate to the reduction in NOx
emissions. NOx emissions from diesel engines are affected
by a number of factors, including fuel characteristics and
engine operating conditions. Higher combustion
temperatures and oxygen concentrations in the cylinder
are known to generate NOx emissions. The use of D70-
C20-P10 has a combined impact of reducing NOx
emissions by lowering combustion temperature,
lengthening ignition delay, and having a low heating value.
Similar observations has been made with the other
research work (Sureshbabu et al., 2023).
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Figure 7. NOx Vs Load

3.6. Hydrocarbon (HC)

The variation for HC in units of ppm with variable load as
well as at constant speed of 2000 rpm is shown in Figure
8. It shows the variance in the engine's HC emission with
propanol-diesel fuel merge compared to unadulterated
diesel fuel. When comparing all of the mixes tested to
diesel fuel, there is typically a significant increase in HC
emanation. With the use of blends, the normal augment
in HC emanation relative to diesel fuel is between 5.8%
and 23%. Furthermore, the decreased density as well as
viscosity of Propanol-Diesel mixtures, which results in the
creation of smaller fuel droplets, can be contributed to
the rise in HC emissions. These droplets reach the cylinder
walls' closer sections, causing a quenching effect due to
the leaner mixture, as well as more unburned fuels. When
a result, as the propanol content in the merge increases,
so does the HC emanation, which peaks with the
application of D75-C20-P5.
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Figure 8. HC Vs Load

4. Conclusion

The tests were conducted on an experimental setup at
2000 rpm as well as under varied load conditions for
merge of cottonseed oil and propanol by means of diesel
created on a volume basis and given the names D90-C10,
D85-C10-P5, D80-C10-P10, D80-C20, D75-C20-P5 and D70-
C20-P10. At various loads, the consequence of adding
cottonseed oil in the direction of diesel as well as adding
propanol to diesel in accumulation to cottonseed oil were
noted as well as plotted furthermore the subsequent

results were strained. Cotton Seed Oil enhances the
density, viscosity, and oxygen content of diesel while
lowering the calorific value. With the addition of 5% and
10% propanol to the biodiesel, there is a very minor rise in
BTE. When contrast to diesel at full load, D80-C10-P10
displays a 3 percent greater BTE. As can be seen in Figure
2, diesel has the least possible BSFC and is on average 10%
superior than the other merge. The BSFC for D85-C10-P5
and D80-C10-P10 is 0.3 (kg/kWh), which is similar as diesel
at complete load. The temperatures of the exhaust gases
produced by the merge are habitually lesser than those
produced by diesel fuel. The pressure peak ascends as the
Propanol fraction increases, and the pinnacle crank angle
occurs before Top dead centre. Cottonseed oil combined
through propanol results in a reduction of 15% to 20% on
average. When compared to diesel, the D70-C20-P10
demonstrates a 4.3 percent reduction in emissions at full
load. The amount of Propanol in the mix is usually
proportionate to the reduction in NOx emissions. The HC
emission increases as the propanol content in the mix
increases, reaching its maximum value when D75-C20-P5
is used. According to the test results, cottonseed oil as
well as propanol can be utilized as fuel additives, and the
merge executes superior as both amalgamation materials
augment in the merge, implying that the D70-C20-P10
merge is the most appropriate merge that can be used in
consign of unadulterated diesel devoid of causing any
engine modification. The limitations of using bio diesel in
Internal combustion engines is, we couldn't even produce
oil for our own citizen's needs. To meet the needs, we are
importing oil from other countries. In such situation we
couldn't produce biodiesel from edible oils like other
countries. The feedstock inputs you need for biodiesel are
more expensive than petroleum products. On top of that,
the processes for producing the fuel aren't yet efficient
enough so that you can produce it very cheaply.

Acknowledgments

The authors appreciate the support from Chennai Institute of
Technology. The authors would like to acknowledge the
Researchers Supporting Project number (RSP2023R373), King
Saud University, Riyadh, Saudi Arabia.

References

Ajav E.A., Singh B. and Bhattacharya T.K. (1999). Experimental
study of some performance parameters of a constant speed
stationary diesel engine using ethanol—diesel blends as fuel,
Biomass and Bioenergy. 17, 357-365.

Arunkumar M., Mohanavel V., Afzal A., Sathish T., Ravichandran
M., Khan S.A., Abdullah N.A. and Bin Azami M.H. (2021). Asif
M.A Study on Performance and Emission Characteristics of
Diesel Engine Using Ricinus Communis (Castor Qil) Ethyl
Esters. Energies. 14(14), 4320.

Atmanl A., lleria E. and Yuksel B. (2014). Experimental
investigation of engine performance and exhaust emissions
of a diesel engine fueled with diesel-n-butanol-vegetable oil
blends, Energy Conversion and Management. 81, 312-321.

Bajpai S., Sahoo P.K., Das L.M. (2009). Feasibility of blending
karanja vegetable oil in petro-diesel and utilization in a direct
injection diesel engine, Fuel 88, 705-711.



104

Balaji D., Govindarajan P. and Venkatesan J. (2010). Influence of
isobutanol blend in spark ignition engine Performance and
emissions operated with gasoline and ethanol, International
Journal of Engineering Science and Technology. 2 (7), 2859—
2868.

Bhanu Teja N., Ganeshan P., Mohanavel V., Karthick A., Raja K.,
Krishnasamy K. and Muhibbullah M. (2022). Performance
and Emission Analysis of Watermelon Seed Qil Methyl Ester
and n-Butanol Blends Fueled Diesel Engine, Mathematical
Problems in Engineering, Article 1D 2456338, 12,
https://doi.org/10.1155/2022/2456338

Devan P.K. and Mahalakshmi N.V. (2009). Performance, emission
and combustion char-acteristics of poon oil and its diesel
blends in a DI diesel engine, Fuel 88, 861-867.

Firat M., Altun S., Okcu M., Varol Y. and Agarwal. (2022).
Experimental investigation on combustion and emission
characteristics of reactivity controlled compression ignition
engine powered with iso-propanol/biodiesel blends,
Propulsion and Power Research, 11, 224-239.

Hazar H. and Sevinc H. (2023). Investigation of exhaust emissions
and performance of a diesel engine fueled with preheated
raw grape seed oil/propanol blends, Chemical Engineering
and Processing-Process Intensification, 188, 109378.

He B.Q., Shuai S.J., Wang J.X.,, He H.B. (2003). The effect of
ethanol blended diesel fuels on emissions from a diesel
engine, Atmospheric Environment. 37, 4965-4971.

Heywood J.B. (1988). Internal combustion engine fundamentals,
New York: McGraw Hill 491-514, 676—682.

Khan M.M., Sharma R.P., Kadian A.K. and Hasnain S.M. (2022).
An assessment of alcohol inclusion in various combinations
of biodiesel-diesel on the performance and exhaust emission
of modern-day compression ignition engines — A review
Renew. Materials Science for Energy Technologies, 5, 81-98.

Koli C.S., Bansal R., Agrawal A. (2014). Experimental Investigation
of performance of single cylinder 4s Diesel engine Using Dual
Vegetable Oil Blended, Journal of Engineering Research and
Applications, 78-85.

Michikawauchi R., Tanno S., Ito Y. and Mutsumi K. (2011).
Combustion improvement of Diesel Engine by Alcohol
Addition- Investigation of Port Injection Method and Blended
Fuel Method, SAE International Journal of Fuels and
Lubricants, 4, 48-57.

Musthafa B., Saravanan B., Asokan M.A., Devendiran S. and
Venkatesan K. (2023). Effect of ethanol, propanol and
butanol on karanja biodiesel with vegetable oil fuelled in a
single cylinder diesel engine, Egyptian Journal of Petroleum,
32, 35-40.

Qi D.H., Chen H., Geng L.M. and Bian Y.Z. (2011). Effect of diethyl
ether and ethanol additives on the combustion and emission
characteristics of biodiesel-diesel blended fuel
Renewable energy 36, 1252—-1258.

Rajan K., Rajaram Narayanan M., Suresh Kumar S., Parthasarathi
R. and Mohanavel V. (2022) A detailed study on improving
the properties and performance aspects of biodiesel,
International Journal of Ambient Energy, 43(1), 1949-1953.

Rajeshwaran M., Ganeshan P. and Raja K. (2018). Optimization
and Biodiesel production from Prosopis julifera oil with High
Free Fatty Acids, Journal of Applied Fluid Mechanics, 11(1),
257-270.

engine,

RAVI et al.

Sahoo P.K. and Das L.M. (2009). Combustion analysis of
Jatropha, Karanja and Polanga based biodiesel as fuel in a
diesel engine, Fuel 88, 994-999.

Sureshbabu Y., Ganeshan P., Raja K. and Vivek S. (2023).
Performance and emissions parameters optimization of
thermal barrier coated engine tested with Tamanu blended
diesel fuel: a novel emission pollution-preventive approach,
Global NEST Journal, 25(3), 78-86

VenkataSubbaiah G., Gopal R.K., Hussain S.A., Prasad D.B., Reddy
T.K. (2010). Rice bran oil biodiesel as an additive in diesel
ethanol blends for diesel engines, ljrras 3, (3).

Xiao Z., Ladommatos N. and Zhao H. (2014). The effect of
aromatic hydrocarbons and oxygenates on diesel engine
emissions, Proc Inst Mech Eng, Part D., Journal of Automobile
Engineering. 307-332.

Yilmaz N., Vigil F.M., Benalil K., Davis S.M. and Calva A. (2014).
Effect of biodiesel-butanol fuel blends on emissions and per-
formance characteristics of a diesel engine, Fuel 135, 46-50.

Zhang G.D., Liu H.X., Xia X.X., Zhang W.G. and Fang J.H. (2005).
Effects of Dimethyl Carbonate fuel additive on diesel engine
performances, Proc.l Mech E Part D:Journal of Automobile
Engineering. 219, D13904.

Ziejewski M., Goettler H. and Pratt G.L. (2016). Paper No.
860301. International congress and exposition, Detroit, Ml;
February, 24-8.


https://www.sciencedirect.com/journal/propulsion-and-power-research
https://www.sciencedirect.com/journal/chemical-engineering-and-processing-process-intensification
https://www.sciencedirect.com/journal/chemical-engineering-and-processing-process-intensification
https://www.sciencedirect.com/journal/materials-science-for-energy-technologies

