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The energy demand has been significantly increasing around the world in the last 
century. Conventional fossil fuels as one of the sources has been highly demanded due 
to its negative environmental effect. The growing demand for energy stimulated the 
development of renewable and eco-friendly alternative energy sources. Produced 
from vegetable oils and animal fats, biodiesel is a renewable, sustainable, and 
biodegradable fuel. It can be used as an alternate fuel to conventional diesel (CD) in 
compression ignition (CI) engines. The Belarus 920 tractor, with a maximum output of 
74.5kW, was put through a Power Take Off (PTO) test in this study to assess its 
performance and emission components when fueled with conventional petroleum 
diesel, B20, B50, and B100 of Cotton Seed Oil Biodiesel (CSOME). The performance 
results showed that the power and Break Thermal Efficiency (BTE) fell, while the BSFC 
improved, when the tractor was fueled with neat CSOME and its mixes. 
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1. Introduction 
 

As energy demand rises, petroleum fuel resources are becoming more scarce [1-3]. Following the 
oil crises of the 1970s, numerous non-oil producing nations started making attempts to reduce their 
reliance on fossil fuels by promoting the creation of alternative energy sources [4]. Among various 
energy resources, fossil fuels, particularly Conventional Diesel (CD) has been in high demand in the 
last century due to agricultural mechanization [5]. Primarily, the agricultural tractors that are 
powered by CI engines consume large quantities of CD and are the main source of greenhouse gases 
emitted during agricultural operations [6,7]. High levels of petroleum product usage have a 
detrimental impact on the environment, human health, and air pollution [8,9]. Additionally, the 
volatility of oil prices was a result of the rise in petroleum product usage and subsequent lack of 
traditional fossil fuels. The prevalence of alternative fuels has drastically increased due to these 
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problems [10,11]. One of the sustainable alternative fuels, biodiesel is frequently made from animal 
and vegetable fats via a process known as transesterification [12,13]. 

Biodiesels can be used neat or blended with CD in a CI engine with minor modifications [14-16]. 
Among a broad range of biodiesels, cottonseed oil biodiesel (CSOME) is one of the most common 
biodiesels that has attracted much research works in the industry. Future alternative fuels for CI 
engines are anticipated to include CSOME [16]. Compared to other vegetable oils, cottonseed oil 
(CSO) is inexpensive to purchase [12]. When engines fueled with CSOME were evaluated by Fan et 
al., [17], it was discovered that the CO and CO2 emissions dropped when compared to CD and were 
at a standard that was approved by the American Society for Testing and Materials (ASTMD) 6751. 

Al-lwayzy et al., [18] conducted a PTO test utilising B20 of CSOME and CD by analysing the 
performance and emissions of the agricultural tractor John Deere 4410 tractor engine in the JD4410 
Yanmar, 3TNE88, three cylinders water cooling diesel engine. The findings indicated that B20 of 
CSOME displayed a slightly greater gross energy than CD at low PTO torques (0–400 Nm) as a result 
of B20's higher fuel consumption (FC) rate in comparison to CD. Additionally, they discovered that 
B20's lower heating value and higher viscosity decreased the engine's BTE compared to CD. They also 
noticed that the B20 value's Brake Specific Fuel Consumption (BSFC) was higher than the CD at all 
loads. They also found that CO, CO2 and NOx increased with increasing PTO torque; however, the B20 
of CSOME produced slightly a higher level of CO and CO2. Shahid and Jamal [19] investigated CSOME 
in four strokes, three cylinders, DI, water cooled, CI engine. The exhaust line is related to a 5-gas 
exhaust gas analyzer (V402-01). They found that FC increased with the increasing ratio of CSOME in 
the blends. 

This is related to the fact that combustion initiation gets challenging at larger biodiesel 
percentages (reference). Additionally, they noticed that BSFC declines with increasing load, which is 
a common feature of the engine. However, BSFC started to decrease as soon as the load exceeded 
80%. Due to the reduced calorific value of biodiesel, they discovered that BSFC increased as the 
CSOME ratio in the fuel increased. Additionally, they discovered that the BTE begins to decline when 
the fraction of CSOME rises from B0 to B100. This was ascribed to insufficient time for heat transfer 
and inefficient fuel combustion. Additionally, Shahid and Jamal [19] reported that when an engine 
was fueled with CSOME as opposed to CD, CO and CO2 emissions decreased by 40% and 22.13%, 
respectively. The primary factor for this decrease in CO is that biodiesel is an oxygenated fuel, and 
CSOME fuel contains fewer carbon atoms and a lower carbon to hydrogen ratio than CD. Contrary to 
CO and CO2, NOx levels rise as the fraction of CSOME in the blends rises. This is due to the oxygen 
present in CSOME, which makes it easier for NOx to develop. For field tests, Li et al., [20] employed 
CD and B100, B50, B20 generated from soybean oil as the fuel for farm tractors. 

According to the findings, B20 performed fairly similarly to diesel in terms of FC and NOx emission. 
For B50 and B100 mixes, a greater FC and lower fuel economy were discovered. The biodiesel's 
decreased energy content is to blame for this. Compared to CD, NOx emissions were greater with 
B50 and B100, while CO2 levels were significantly lower. In a 4-stroke, single-cylinder, water-cooled, 
normally aspirated, and direct injection (DI) diesel engine, Nabi et al., [21] testing of CSOME. When 
the engine was fueled with a blend of B10, they discovered that smoke was decreased by 14% and 
PM by 24%. They also claimed that when the engine was fueled with B30, NOx increased by 10% and 
CO decreased by 24%. This study also discovered that the CSOME blends' lower heating value is to 
blame for the drop in engine BTE while utilising biodiesel. The BSFC values for CSOME mixes, as 
opposed to CD, saw an increase, nevertheless. This tendency was noticed because more biodiesel 
blends were needed to maintain a steady power output because they had a lower heating value than 
CD. 
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In a single cylinder, 4-stroke vertical, water-cooled, self-governed diesel engine operating at full 
load, Kale and Prayagi [22] employed CSOME, jatropha oil, and CD. According to the findings, blended 
CSOME had a slightly greater BTE than pure CSOME. The study also showed that using CSOME 
enhances the CI engine's performance metrics when compared to CD. Using CSOME and its blends 
(B5 to B100) in a single cylinder, 4-stroke, air-cooled diesel engine, Aydin and Bayindir [16] conducted 
PTO tests. Due to a higher viscosity and lower heating values of CSOME, they observed a decrease in 
power and an increase in BSFC for B100. For a lower proportion of biodiesel up to B20, however, no 
appreciable change in performance was noted. According to the study, CSOME's higher viscosity and 
lower heating values resulted in a decrease in the engine's BTE. The outcomes additionally 
demonstrated that all biodiesel blends exhibit lower CO and SO2 emissions than CD. According to 
their findings, smoke emissions decrease for B50 and then increase for B75 to B100. Keskin et al., 
[12] examined the CSOME fuel mixes in a single cylinder direct injection diesel engine. 

Heavy operation circumstances were used to measure engine performances and different aspects 
of exhaust smoke. 1600 rpm was adjusted to 3000 rpm for the engine. The outcome demonstrated 
that when compared to CD, B40 and B60 engines produced slightly less power at higher engine 
speeds. Depending on the amount of biodiesel and engine speeds, the power loss ranged from 0% to 
6.2%. According to the amount of biodiesel at maximum torque speeds, BSFC with CSOME blends 
increased up to 10.5%; nevertheless, smoke level of engine with blend fuels fell up to 46.6%. The 
biodiesel was combined with CD and utilised in CI engines in the majority of CSOME trials to assess 
performance and emissions. The Belarus 920 Tractor's performance and exhaust emissions were 
assessed using a PTO test in this study. In order to contrast pure CSOME with conventional petroleum 
diesel, the tractor was fueled with a B50 and B50 blend of CSOME. 
 
2. Methodology 
2.1 Tractor Test and Experimental Apparatus 
 

The PTO test was conducted in this study using a Belarus 920 Tractor with a maximum power 
74.5kW engine. Four cylinders, a 16:1 compression ratio, and a liquid-cooled cooling system make up 
the engine. The Nebraska test was used to evaluate this particular model of Belarus tractor. Figure 1 
depicts the experimental configuration. 

A manual volumetric fuel consumption measurement method was designed and used to measure 
fuel consumption in this study (Figure 1). The measurement method consists of two fuel tanks 
connected to 100 ml Buret via hosepipe line. The first tank is used for refilling the Buret, after fuel 
was fed into the engine while measuring the fuel consumption. The second tank was used as a main 
fuel tank for feeding the engine Tractor. Both fuel tanks were fitted with a three-way valve, which 
was placed in the main feed-in line of the tractor before the fuel pump. The over-flow fuel was 
returned to the Buret to obtain the net fuel consumption. 
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Fig. 1. Experimental setup 

 
2.2 Dynamometer 
 

The mobile PTO dynamometer from AW model Nebraska 400 shown in Figure 1 was used for 
applying various loads to the tractor. The main part of the PTO dynamometer is the friction-based 
brake system that produces torque. A hydraulic brake system was employed to apply the desired 
loads to the tractor accurately. The temperature of the brake system was kept steady at 75°C to 
ensure accurate measurement of produced torque. The temperature of water surrounding friction-
based brake system was measured via gauge fixed on the side of the PTO dynamometer. A calibrated 
load cell was used to measure the produced torque by friction-based brake to ensure that desired 
load was applied to the tractor. A variety of instruments and sensors were used to measure different 
performance parameters of the tractor. The National Instrument data acquisition system (cDAQ-
9174) was used to collect signals from thermocouples, load cells and tachometers. 
 
2.3 Fuel Preparation and Properties 
 

In this study, B20, B50 and B100 of CSOME and traditional petroleum diesel were used. CSOME 
was obtained from a local supplier. The specifications of the fuels used in this study are shown in 
Table 1. The B20 and B50 of CSOME were prepared in the laboratory of University of Southern 
Queensland (USQ). B20 was prepared by blending 20% of CSOME and 80% of traditional petroleum 
diesel by volume percentages, and B50 was prepared by blending 50% of CSOME and 50% of 
traditional petroleum diesel. The CSOME was manufactured from cottonseed oil (CSO) via 
Transesterification process. This process improves some properties of the biodiesel such as viscosity, 
molecular weight and volatility. In the transesterification process, methanol or ethanol were used as 
assistance substances in the presence of an alkaline catalyst, such as potassium hydroxide or sodium 
hydroxide to produce methyl or ethyl esters. 
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Table 1 
Properties of traditional petroleum diesel, B20, B50 and B100 of CSOME 
Properties METHOD Traditional 

petroleum 
diesel 

B20 of 
CSOME 

B50 of 
CSOME 

B100 of 
CSOME 

Lower calorific value MJ/kg BS 2869 45.6 42.4 43.64 41.68 
Density @ 15°C kg/m3 ASTM D4052 830 846 870 910 
Cetane Number ASTM D4737 50 50.4 51.2 52 
Flash Point °C ASTM D93 66 70 110 160 
Kinematic viscosity @ 40°C 
mm2/s (CST) 

ASTM D445 3.0 3.16 4.1 5 

 
2.4 Test Procedure 
 

The PTO test in this study was carried out using a PTO dynamometer. To assess the performance 
of the Belarus 920 Tractor, a dynamometer was mounted on it. Tractors were fueled with the B20, 
B50, and B100 of CSOME as well as conventional petroleum diesel. The tractor was operated under 
various loads—ideal, medium, and maximum—at various operating circumstances. All the fuels were 
evaluated in the same climatic circumstances, such as humidity, atmospheric pressure, and 
temperature, which are generally stable, in order to obtain accurate readings. Prior to the test, the 
tractor's engine was turned on and warmed up for 30 minutes. After warming up, the tractor was 
turned off and the PTO dynamometer was connected to the tractor via an adaptable shaft. The 
dynamometer was calibrated before it is attached to the tractor. A manual volumetric fuel 
consumption measurement system was fitted to the fuel feed equipped with an overflow fuel line. 
The tractor was switched on again and ran for five minutes on ideal operating condition to ensure 
the safety of the setup. The PTO shaft was run to power the PTO dynamometer. The speed of PTO 
drive shaft was increased to the maximum 588 rpm. The PTO torque was increased by dynamometer 
gradually on the tractor from 80 to 900Nm. The PTO speed was measured by a magnetic pick-up 
tachometer and the exhaust gases temperatures were measured through the thermocouple. 
 
3. Results and Discussions 
3.1 Output Power 
 

Figure 2 shows the relationship between the PTO torque and output power traditional petroleum 
diesel, B20, B50 and B100 of CSOME. It can be seen from the figure that the output power of the 
tested fuels increased as PTO torque increased from 80 to 900 Nm. The increase of output power is 
mainly attributed to the increase of the torque as the decrease of the PTO speed was marginal. For 
example, when the torque was increased from 80 to 200 Nm (150% increase) for the traditional 
petroleum diesel, the PTO speed only dropped by 0.85% (from 588 to 583 rpm). 

The output power of B20, B50, and B100 is, respectively, 1.25 percent, 3.0 percent, and 5.5% less 
than that of regular petroleum diesel under heavy-duty operating conditions (PTO torque of 500 to 
900 Nm). This can be explained by the fact that tidy CSOME (like B100) has a calorific value that is 
around 10% lower than CD. These findings concur with those of Al-lwayzy et al., [18] since both tests 
revealed an increase in the engine's braking ability as PTO torque rose. The findings of this 
investigation are in line with those of other studies, which showed that biodiesel fuel produces less 
power than CD [16]. 
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Fig. 2. PTO torques (Nm) versus output power (kW) for traditional 
petroleum diesel, B20, B50 and B100 of CSOME 

 
3.2 Fuel Consumption (FC) 
 

Figure 3 presents the change in fuel consumption with different ranges of PTO torque for the 
tested fuels. The figure illustrates that the FC steadily rose with increasing the PTO torque from 80Nm 
to 500 Nm for all tested fuels. As the PTO torque is increased from 55% to 88% (500-800 Nm), the FC 
rapidly increases for all fuels. This can be attributed to the lack of time for complete combustion. 
When PTO torque was increased from 800Nm to 900Nm, the increase of FC slowed down from 15.23 
to 15.30 Kg/hr, 14.28 to 14.72 Kg/hr, 13.66 to 14.20 Kg/hr and 13.37 to 13.87 Kg/hr for B100, B50, 
B20 and BP diesel, respectively. The main reason is that the governor fully opened did not increase 
fuel flow rate to the engine to counterbalance power, and a high reduction occurred in PTO speed. 
 

 
Fig. 3. PTO torques (Nm) against FC (Kg/hr) for traditional petroleum 
diesel, B20, B50 and B100 of CSOME 
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FC increased by 2.8%, 8% and 15% when tractor was fueled with B20, B50 and B100 of CSOME 
respectively compared to traditional petroleum diesel for all ranges of the PTO torque. This is due to 
the lower calorific values of the neat CSOME, and its blends compared to traditional petroleum diesel. 
The lower calorific value in COME causes a higher fuel flow rate consumption to generate the same 
power as that of traditional petroleum diesel [23]. A similar result was found by earlier studies 
[24,25]. 
 
3.3 Brake Specific Fuel Consumption (BSFC) 
 

Figure 4 presents the BSFC of the tested fuels for PTO torque ranged from 80 to 900 Nm. The 
BSFC rapidly decreased from 0.907 to 0.341Kg/kW.hr for traditional petroleum diesel, 0.946 to 0.323 
Kg/kW.hr for B20, 1.01 to 0.328 Kg/kW.hr for B50 and 1.157 to 0.373 Kg/kW.hr for B100 in the first 
half of the PTO torque, as shown in Figure 4. This is due to the increase of cylinder wall temperature 
that enhanced the combustion process. 
 

 
Fig. 4. PTO torques (Nm) vs. BSFC (g/hr) for traditional petroleum 
diesel, B20, B50 and B100 of CSOME 

 
As PTO torque was increased from 400 to 600 Nm the reduction of the BSFC is insignificant, 

because the governor ruled out any compensation for power by pumping extra fuel. In the heavy 
operation conditions (600 to 900Nm) the value of the BSFC increased very slowly. This may be due 
to the practically constant FC in this PTO torque range and the considerable decrease in PTO speed, 
which both affect braking power. At all PTO torque levels, the BSFC of CSOME's B20, B50, and B100 
was higher than that of conventional petroleum diesel by 4%, 10.2%, and 19.5%, respectively. For 
biodiesel with lower calorific values, such as B20, B50, and B100, additional FC is needed to keep a 
steady output power. This outcome is comparable to those mentioned by Özener et al., [26] and 
Keskin et al., [27]. 
 
3.4 Brake Thermal Efficiency (BTE) 
 

The ratio of power produced to energy injected into the engine through fuel injection is known 
as brake thermal efficiency (BTE). Figure 5 shows the relationship between BTE and PTO torque for 
BP diesel, B20, B50, and B100 of CSOME. Figure 5 shows how the tested fuels' BTE changed for various 
torque ranges (80-900 Nm). According to Shahid and Jamal [20], increasing the torque improved 
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combustion and decreased heat losses. Sahoo et al., [5] and Reddy, et al., [23] both reported similar 
outcomes. The chart shows that when PTO torque rose by 66% (from 80 to 600 Nm), BTE increased 
for standard petroleum diesel, B20, B50, and B100 of CSOME. This improvement in combustion and 
decrease in heat losses as torque rises may be the cause of the BTE's increase. 

Figure 5 also illustrates that when the PTO torque increased from 600 to 900 Nm the BTE started 
to decline slowly. This might be attributed to the high reduction of the PTO speed and increase of FC 
(Figure 3). When the tractor was fueled with B100, B50 and B20, the BTE dropped by 23.9%, 18.9 % 
and 2.5%, respectively, as compared to traditional petroleum diesel for all PTO torque ranges. The 
lower calorific value and high viscosity and density of CSOME as well as its blends caused a reduction 
in BTE. This outcome is comparable with previous studies [28]. However, Keskin et al., [27] studied 
the CSOME and its blends fuel and they observed that BTE of the engine increased with B20. 
 

 
Fig. 5. Effect of PTO torques (Nm) on BTE (ηth) for traditional 
petroleum diesel, B50 and B100 of CSOME 

 
4. Conclusion 
 

In this study, Power Take off (PTO) test was conducted to evaluate the performance of Belarus 
920 tractor. The result showed that the performance of the tractor decreased when fueled with 
CSOME and its blends. The result showed that power and BTE decreased, and the BSFC and FC 
increased when B20, B50 and B100 of CSOME were used, as compared to the traditional petroleum 
diesel. In addition to a slight decrease in engine performance and increased fuel consumption were 
observed. The experimental results found that the CSOME can be used as alternative fuel in CI 
engines and can produce comparable power. 
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