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Abstract: Biodiesel fuel is a potential alternative energy source for diesel engines due to its physiochemical characteristics relatively similar to those of traditional diesel fuel. In this study, the performance, emission, and combustion features of a mono cylinder DI diesel engine are assessed using 20% Pumpkin seed methyl ester (PSOME20) and considering varying injection pressures (200, 220, 240, and 260 bar). The considered Pumpkin seed oil is converted into pumpkin biodiesel by transesterification and then used as fuel. The findings demonstrate that the Brake Thermal Efficiency (BTE) of PSOME20 can be raised by 1.68%, and the carbon monoxide (CO), hydrocarbon (HC), and smoke emanations can be lowered, while oxides of nitrogen (NOx) emissions are increased at an injection pressure (IP) of 240 bar compared to the standard IP of 200 bar. The cylinder pressure and the Heat Release Rate (HRR) become higher at 240 bar, whereas the ignition delay is shortened with respect to PSOME20 at a normal IP of 200 bar.
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Nomenclature



	BTE
	Brake thermal efficiency



	bTDC
	Before top dead center



	BSFC
	Brake specific fuel consumption



	CO
	Carbon monoxide



	NOx
	Oxides of Nitrogen



	EGT
	Exhaust gas temperature



	HC
	Hydrocarbon



	HRR
	Heat release rate



	IT
	Injection timing



	IP
	Injection pressure



	J/°CA
	Joules per degree crank angle



	PSOME
	Pumpkin seed methyl ester




1  Introduction

Petroleum is the most common type of fuel used in automobiles. Toxic gases are released into the atmosphere as a result of the combustion of fossil fuels. As the environment deteriorates and fossil fuel stocks deplete, experts are focusing on alternative energy sources such as biomass and biofuels. Vegetable oils and their methyl esters are becoming more attractive as long-term energy sources [1] Although vegetable oils are a viable substitute for diesel, they do have some disadvantages, such as high viscosity and poor volatility. Carbon accumulation, injector fouling, piston ring stickiness, fuel line obstruction, poor fuel atomization, and lubricating oil condensation are all disadvantages of using vegetable oils in engines. As a result, restoring the physio-chemical characteristics of vegetable oils is increasingly critical [2] Biodiesel was viewed as the most viable diesel substitute due to its renewable nature, lower carbon content, and lower pollutants. Biodiesel is made from a variety of oils, including edible and inedible vegetable oils, animal fats, and waste cooking oils.

In recent years, a slew of new biodiesels generated from non-edible oils has been discovered. The performance and emissions of biodiesels such as Karanja biodiesel [3], Yellow oleander biodiesel [4], Pongamia biodiesel [5], Orange biodiesel [6], Rapeseed biodiesel [7], Chicha oil biodiesel [8] in diesel engines were investigated using the transesterification process. In specific v/v proportions, these oils were combined with diesel. Biodiesels made from neem oil and pumpkin were included in the list of feasible biodiesel options. Many researchers have looked into the engine performance of various biodiesels and their blends, revealing similar reductions in all pollutants except NOx [9,10]. When oxygenate chemicals are used, discovered that cleaner combustion of biodiesel and its blends is possible, resulting in fewer emissions [11–13].

Because biodiesel has different physical properties than mineral diesel, engine combustion variables such as delay time, fuel mass burnt, and other factors may alter. As a result, various researchers worked tirelessly to investigate the effects of changing crucial aspects including injection pressure (IP) and injection timing (IT). Some studies were carried out to maximize the IT and IP when using biodiesel and its various blends with diesel, either independently or in combination. Combustion is expected to occur sooner as technology improves, resulting in more fuel being burned before top dead center and peak pressure occurring closer to top dead center, and vice versa [14,15]. Within specific limits, delaying the IT can lower NOx emissions without having a significant influence on engine efficiency [16–18]. Increased injection pressure may improve biodiesel atomization, but improved combustion may result in higher NOx levels [19–21].

Sayin et al. [22] investigated the effects of IPs and ITs on the engine and found that a 280 bar IP and a 25.5°bTDC were suitable for biodiesel operation, resulting in enhanced BTE and reduced NOx and smoke. The impact of different ITs and IPs on engines running on a B20 castor biodiesel blend was investigated by Prabhahar et al. [23]. Delaying the injection time is said to minimize peak cylinder pressure and BTE. CO and HC pollutants have been demonstrated to reduce when injection pressure is increased to 300 bar, while NOx appears to be preferable at 21°bTDC IT, but at the expense of a considerable reduction in BTE and smoke, opacity appears to be preferable at 25°bTDC. Kannan et al. [24,25] investigated the impact of IP and IT on engine performance when using biodiesel blends. The BTE improved by 2.4 percent with an increase in IP and 1.5 percent with an increase in IT at maximum load, and it was somewhat less than diesel. All emissions were reduced at 230 bar IP and 27°bTDC IT, with the exception of NOx and CO2, which improved dramatically as IP and IT increased.

Most of the researchers found that while NOx emissions increased, CO, HC, and smoke levels decreased [26–28]. Ravichandran et al. [29] investigated the effects of several IPs on the performance of biodiesel-powered diesel engines. Their studies revealed that as IPs increased, BTE increased as well, while BSFC was lowered, and NOx was increased as IPs increased. The effects of methyl ester in the fish oil mixture on engine performance were investigated by [30,31]. BSFC and NOx emissions increased as the percentage of biodiesel in the fuel mix increased, but soot, HC, and CO emissions decreased. Using a 25% concentration of biodiesel generated from pumpkin seed biodiesel and diesel, this study will investigate the impact of varied injection pressures on engine performance and emissions. The data was examined and compared to standard operating conditions with base fuels.

2  Materials and Methods

2.1 Pumpkin Seed Oil Extraction

The botanical name for the pumpkin plant is Cucurbita pepe L. The pumpkin seed has a pleasant aroma and is dark green colour. Pumpkin oil is made from raw pumpkin seeds at low temperatures. It is made by pressing toasted, hull-less pumpkin seeds from a local variety. Pumpkin seeds have high oil content, ranging from 40% to 60%. The exterior layers of a pumpkin seed appear to be green, while the hidden layers appear to be red. It has a specific gravity of 4.62 and an acid value of 1.2. The oil must be stored in a dry, cool environment due to its fragile nature.

2.2 Biodiesel Production

The transesterification of raw pumpkin seed oil in the presence of a sodium hydroxide (NaOH) catalyst produces pumpkin seed oil biodiesel. 1000 mL of raw Oleander oil is placed in a round bottom conical flask, and 10 g of potassium hydroxide (KOH) crystal is correctly dissolved in 200 mL of methanol in a beaker to generate a sodium methoxide solution. In a three-necked flask, the solution is applied to raw pumpkin seed oil, heated to 65°C, and constantly swirled at 500 rpm for 1 h. It is transferred to a separating flask and let to settle for eight hours. Two layers appeared in the flask: glycerol on the bottom and biodiesel on the top. Although the glycerin process was mostly segregated, the biodiesel phase contained some glycerin and residual methanol. These chemicals were soluble in water. To remove and purify these chemicals from the biodiesel, a distilled water washing procedure was used.

The biodiesel was mixed with one-third of its volume of warm distilled water and agitated during this operation. This technique was carried out three times in all. The refined biodiesel was free of residual water and methanol after evaporation. In the filtration procedure, the filter paper was employed. There was plenty of pure B-100 fuel on hand. PSOME fuel was also mixed with diesel in a 25 percent by volume ratio to make PSOME20 fuel. Table 1 contains the physicochemical properties.
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3  Experimental Test Engine

To replicate the braking load, a single-cylinder Kirloskar diesel engine was coupled to a dynamometer in this study. Fig. 1 shows a schematic representation of a test engine. Before measuring engine characteristics and tailpipe emissions, the instruments utilized in this investigation were calibrated and tested. The experimental engine is described in detail in Table 2. An AVL-444 gas analyzer was utilized to measure CO, HC, and NOx concentrations in the exhaust, while an AVL-437 smoke meter was used to measure smoke opacity in the tailpipe. The engine was principally powered by diesel and PSOME20, and it was then tested at 0–100 percent load in 25 percent increments using PSOME20 at various injection pressures (200, 220, 240, and 260 bar) with standard injection timing 23°bTDC. Every experiment was carried out three times, with the average data being used in the calculations. The experimental data was examined and compared to diesel injection pressures of 200 bar.
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Figure 1: Experimental test engine setup
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The injection pressure was varied between 200, 220, 240, and 260 bar. The needle valve spring tension on the injector was adjusted to change the nozzle opening pressure. The injector’s opening pressure (IP) is adjusted by modifying the spring tension, which implies that the injector’s nozzle valve opens when the fuel line pressure exceeds the required pressure value. The injector tester is used to assess the fuel injection pressure following the appropriate changes.

4  Results and Discussion

The diesel engine test was carried out with diesel and PSOME20 at varying injection pressures and loads. For each test, the time taken to consume 10cc of fuel was recorded, as well as the emission levels. In this section, the computed and measured parameters were examined and compared to diesel.

4.1 Cylinder Pressure

The effective work output produced from the thermal energy liberated by fuel combustion is represented by the pressure generated during the expansion stroke in a process restricted by the cylinder. Fig. 2 depicts the change in-cylinder pressure as a function of the crank angle at maximum load. Cylinder pressure attained at maximum power for PSOME20 with 220, 240, and 260 bar injection pressure is 69 bar, 71 bar, and 65 bar, respectively, while for diesel and PSOME20 with 200 bar IP is 68.3 bar and 67 bar, respectively. Peak pressure may have arisen as a result of improved atomization of fuel particles at higher injection pressures, which minimizes ignition delay and improves combustion. Due to increased fuel accumulation during injection, cylinder pressure was found to be lower at 275 bar IP, resulting in poor combustion.
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Figure 2: Cylinder pressure vs. crank angle

4.2 Heat Release

The Heat Release Rate (HRR) is the amount of heat produced during the combustion process by the burning of fuel inside the engine cylinder. The cylinder pressure is combined with the crank angle to calculate HRR. Under full load, Fig. 3 depicts the change in HRR as a function of crank angle for all fuels. Because pure PSOME20 fuel has a shorter ID time, it tends to burn less fuel in premixed combustion, resulting in a lower heat release rate. HRR recorded at full load for PSOME20 with 225, 250, and 275 bar is 60 J/̊CA, 64 J/̊CA, and 62 J/̊CA, respectively, while for diesel and PSOME20 with 200 bar IP is 56 J/̊CA and 54 J/̊CA. At higher injection pressures, the premixed combustion stage for PSOME20 is bigger than the typical injection pressure. This could be attributed to enhanced fuel particle atomization, which allows them to permeate the air more quickly, resulting in an increase in the premixed combustion phase.
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Figure 3: Heat release rate vs. crank angel

4.3 BTE

The ability of an engine to convert thermal energy from a fuel into mechanical energy is measured by its BTE value. Fig. 4 shows how the thermal efficiency of diesel and PSOME20 changes with BP at various IPs. It has been noticed that as the number of IPs and loads increases, BTE rises. Because of its higher viscosity and higher energy content, PSOME20 has a lower BTE than diesel. Furthermore, as the IP rises to 240 bar, so does the BTE. This is due to increased fuel atomization and vaporization at higher IPs, which results in improved PSOME20-air mixture combustion. Because more fuel was injected during maximum power conditions, the BTE was reduced at 260 bar pressure. This resulted in slower combustion and a lower BTE. The BTE of PSOME20 at IPs 220, 240, and 260 bar is 30.1 percent, 31.9 percent, and 29.2 percent, respectively, at maximum load, and 31.4 percent and 28.6 percent, respectively, for diesel and PSOME20 at 200 bar IP. At maximum load, the BTE of PSOME20 at 260 bar IP was 1.5% lower than at 240 bar IP. The BTE of PSOME20 at 240 bar IP is 2.1 percent higher than the BTE of PSOME20 at 200 bar IP. The researcher Jagadish found a similar pattern in the BTE curve for biodiesel blend [30].
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Figure 4: Changes in brake thermal efficiency with BP

4.4 BSFC

The impact of IPs on BSFC against BP for diesel and PSOME20 fuels with various injection pressures is shown in Fig. 5. The BSFC curve trend is the inverse of the BTE curve trend at all IPs. When compared to diesel, the PSOME20’s BSFC is improved by 200 bar IP. PSBD exhibited a higher BSFC at typical IP 200 bar at peak load due to its low energy content and high viscosity. As IP rises, the atomization of fuel particles reduces, resulting in higher air-fuel combining rates and, as a result, higher HRR. The BSFC for diesel and PSOME20 is 0.28 and 0.31 kg/kWh at standard IP, respectively, whereas it is 0.30, 0.29, and 0.33 kg/kWh at peak load for IPs 220, 240, and 260 bar, respectively. When compared to PSOME20 at 200 bar, the BSFC of PSOME20 at 240 bar IP was lowered by 6.5 percent and by 3.2 percent at 225 bar due to greater homogenization and vaporization of the fuel-air combination at higher IPs. At 260 bar, the BSFC has increased because the fuel has less momentum, resulting in poor combustion and hence a greater BSFC at peak load.
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Figure 5: Changes in brake-specific fuel consumption with BP

4.5 EGT

Fig. 6 depicts the effects of different IPs on EGT for PSOME20 and diesel. It is well known that EGT rises as load rises, owing to the increased energy released from the fuel. Furthermore, the combustion process is optimized to increase IPs by improving atomization and mixing of fuel and air, resulting in better fuel burning and, as a result, lower EGT. PSOME20 was able to obtain a lower EGT because it burned more effectively than diesel. The EGT of diesel and PSOME20 at peak load is 376°C and 392°C, respectively, and at 220, 240, and 260 bar, it is 410°C, 424°C, and 402°C.
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Figure 6: Changes in exhaust gas temperature with BP

4.6 Carbon Monoxide

The change in CO emissions for both diesel and PSOME20 with varying IPs and brake power is depicted in Fig. 7. The production of CO emissions in CI engines is usually linked to diesel quality and combustion characteristics. PSOME20 CO emission is reduced at normal IP 200 bar due to the presence of extra O2 molecules in biodiesel, which aid in the oxidation of the fuel-air mixture, resulting in improved biodiesel combustion. Increasing IPs also improves spray penetration in compressed air, which improves fuel and air mingling and the burning process, resulting in increased biodiesel combustion. At a regular IP of 200 bar, CO emissions for diesel and PSOME20 are 0.12 percent and 0.09 percent, respectively, whereas at maximum power, emissions are 0.08 percent, 0.07 percent, and 0.11 percent, respectively. When compared to diesel, CO emissions for PSOME20 at 220 and 240 bar IP were reduced by 33 and 42 percent, respectively, and by 11 and 22 percent when compared to PSOME20 at 200 bar. In comparison to diesel at typical IP 200 bar at maximum load, CO emissions for PSOME20 at 240 bar were reduced by 57%.
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Figure 7: Changes in carbon monoxide with BP

4.7 Hydrocarbon

Fig. 8 shows the change in HC as a function of BP for diesel and PSOME20 at various IPs. PSOME20 showed a higher HC than diesel at peak power circumstances at a normal IP of 200 bar. The change in PSOME20’s IP has a big impact on HC emissions. PSOME20 has lower HC at 220 and 240 bar IP when compared to diesel at 200 bar IP. Because the fuel is more atomized, the droplets of diesel fuel acquire more velocity and penetration, resulting in complete combustion and increased injection pressure [32]. Because of a lack of adequate fuel interaction and a lack of oxygen for combustion, an increase in IP above 240 bar increases HC emissions. Diesel and PSOME20 emit 48 and 43 ppm at a conventional IP of 200 bar, respectively, while PSOME20 emits 36, 32, and 39 ppm for 220, 240, and 260 bar IPs, respectively. When compared to PSOME20 at typical IP of 200 bar at peak power, HC emissions for PSOME20 at 225, 250, and 275 bar IPs were reduced by 16 percent, 26 percent, and 9 percent, respectively.
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Figure 8: Changes in hydrocarbon with BP

4.8 Nitrogen Oxide

Fig. 9 shows how NOx emissions fluctuate with BP for diesel and PSOME20 at various IPs. There was an increase in NOx emissions when PSOME20 was compared to diesel at 200 bar IP. When IPs increased from 200 to 250 bar due to a rise in peak temperature, NOx emissions increased at full load. This could be due to biodiesel’s higher oxygen content in its structure, as well as more atomization and evaporation of fuel at higher IPs, resulting in higher NOx emissions than diesel [30]. The NOx emissions for diesel and PSOME20 are 868 and 936 parts per million, respectively, whereas the NOx emissions for IPs 220, 240, and 260 bar are 1015, 1109, and 1062 parts per million, respectively. When compared to PSOME20 at original IP 200 bar, NOx emissions rose by 8.4%, 18.5 percent, and 13.5 percent for 220, 240, and 260 bar IPs, respectively, at peak load. A similar pattern in NOx emissions curves for biodiesel blends was discovered by Nallusamy et al. [32].
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Figure 9: Changes in nitrogen oxide with BP

4.9 Smoke

Fig. 10 shows how smoke changes with BP for diesel and PSOME20 at various IPs. Because PSOME20 has a higher O2 concentration and provides cleaner combustion than diesel, smoke was reduced for PSOME20 with a normal IP of 200 bar. In addition, while comparing PSOME20 to diesel, the smoke was reduced by raising the IPs. Smoke from diesel and PSOME20 is 32 percent and 28 percent at normal IP, respectively, while it is 23 percent, 20 percent, and 26 percent at 220, 240, and 260 bar IP, respectively. PSOME20’s smoke emissions decreased by 22%, 36%, and 11% at 220, 240, and 260 bar, respectively, compared to PSOME20’s typical IP of 200 bar, owing to enhanced fuel atomization and mixing with air, which resulted in lower smoke emission for PSOME20 at higher IPs. Senthilkumar et al. [33] discovered a similar pattern of results with biodiesel mixes in terms of smoke emissions.
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Figure 10: Changes in smoke with BP

5  Conclusion

This research looked at the performance, emissions, and combustion of a CI engine powered by a PSOME20 at various injection pressures. As a result of the studies, the following conclusions have been reached:

Using PSOME20, increased IPs improve the engine’s performance characteristics in terms of BSFC and BTE. When compared to the PSOME20 at 200 bar, the BTE increased by 1.5 percent and the BSFC reduced by 6.5 percent at 240 bar, while the EGT of the PSOME20 declined with all injection pressures. Increasing the IPs for PSOME20 reduces CO, HC, and smoke emissions at peak load. Higher IPs in contrast to PSOME20 led to more NO emissions as a result of a higher combustion peak temperature. As a result, when compared to PSOME20 at 200 bar, PSOME20 blends at 240 bar IP provide adequate performance and lower exhaust gas emissions at peak power. Raising the injection pressures for biodiesel raises the cylinder pressure and HRR at maximum power. Furthermore, because of the higher combustion temperature and pressure, increasing the injection pressures reduces the combustion duration, resulting in enhanced combustion. Overall, the biodiesel blend with higher IP enhances combustion and performance characteristics while lowering specific fuel consumption and CO, HC, and smoke emissions from the engine.
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Table 1: Properties of test fuels as per ASTM D6751

Properties Diesel Pumpkin Pumpkin seed PSOMEZ20
seed oil biodiesel

Density (kg/m”) 830 921 883 842
Kinematic Viscosity @40°C (cSt) 3.2 35.6 4.41 3.05
Calorific value (MJ/kg) 43 35.1 36.5 41.7

Flash point (°C) 48 230 120 70

Fire point (°C) 60 240 130 76

Cetane number 48 42 56 52
Oxygen content (%) by weight - 11 11 11
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Table 2: Test engine specifications

Engine Kirloskar TV1, Diesel engine
Power (kW) 4.4 kW

Bore (mm) 87.5

Stroke (mm) 110

Compression ratio 17.5:1

Swept volume (cc) 661

Nozzle opening pressure (bar) 200
Injection timing 23°bTDC
Speed (rpm) 1500
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