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ABSTRACT: This study intended to perform the one-dimensional simulation for single cylinder diesel engine. The 

one-dimensional numerical analysis of GT-Power software is used to simulate the commercial single cylinder diesel 

engine. The diesel engine is simulated to study the characteristic of engine performance when the engine is operating 

with alcohol as alternative fuel. The simulation results were compared with the data from the diesel engine operating 

with conventional diesel. It is found that the performance of diesel engine operating with alcohol (ethanol) demonstrate 

lower engine performance and engine efficiency. The simulations are conducted at full load condition for the engine 

operating with ethanol and conventional diesel. The simulation results show that the brake power and brake torque 

reduced maximum of 38.84% and 37.67% respectively for the engine operating with ethanol as compared to 

conventional diesel. Nowadays, the ethanol is able to compete with standard diesel and the economics have become 

much more favourable in it production. The decrease of low heating value resulted to increase brake specific fuel 

consumption and reduces the brake thermal efficiency of engine performance at full load. 
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I. INTRODUCTION 
 
The increasing of air pollution from vehicles is at critical level since the commencement of the internal combustion 

engine and this phenomenon rise especially after major commercialization. The exhaust emissions generally come from 

the combustion of fossil fuel in vehicle engines. Diesel is toxic and may cause long term adverse effects to the aquatic 

environment. Biofuel are available alternative fuels which have a promising future as a substitute for conventional 

diesel. Suitable feedstock includes soybean, sunflower, cottonseed, corn, groundnut, safflower, rapeseed, coconut oil, 

palm oil, jatropha seed, tallow (animal fat) or even waste cooking oil. In the US, most biodiesel is derived from soy 

bean while in Europe; rapeseed is the largest source for biodiesel production. In most tropical countries in Asia such as 

Malaysia palm oil is the preeminent choice since it is the major vegetable oil produced in the region. 

 

In 2003, the world total biodiesel production was around 1.8 billion liters [1]. The EU countries contributed 1.5 million 

tons for the same year; Germany leads the production followed by France and Italy. The European Parliament and the 

Council of the European Union encourage the public to use biodiesel as the alternative especially for the transport 

sector. This is due to the fact that the transportation sector accounted for 21% of all CO2 emissions worldwide in 

2002. Currently, 95% of all energy for the transportation sector comes from fossil fuel [2]. The use of biofuel in the 

transport sector may not be just to reduce the emissions but also to shrink the dependence upon imported energy and 

influence the fuel market for transport and hence to secure the energy supply. 

 

The main benefit of biofuel is that it is ‘carbon neutral’. Although the engines running on biofuel produce more CO2 

compare to conventional diesel fuels, if the analysis includes the carbon cycle, the use of biofuel actually emit less CO2 

to atmosphere [3-14]. The biodiesel could be used as it own or blended with conventional fossil fuel without having to 

make any modification to the standard diesel engines because biodiesel has comparable properties to diesel [15-24]. A 

large amount of research has been conducted on biofuel to perceive the performance and the impact on emission levels 

to the environment. [25-34] suggested that the combustion of biodiesel alone provides over a 90% reduction in total 

unburned hydrocarbons (HC) and a 75-90% reduction in polycyclic aromatic hydrocarbons (PAHs). The results from 

previous experiments on biodiesel and their blends with mineral diesel in a single cylinder engine show that an 

increased proportion of biodiesel blend resulted in higher NOx, reduced smoke and increased brake specific fuel 

consumption [35-41]. The advantage of biodiesel was also reported by many researchers as renewable energy, non-

toxic, biodegradable and sulphur free [42-51]. In addition, mixing of biodiesel with standard diesel fuel improves the 

lubricating properties of the fuel and reduced cylinder friction [52-61]. 
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Biofuel is normally characterized by its properties of density, viscosity, low heating value, cetane number, cloud and 

pour points, characteristics of distillation, and flash and combustion points. Pure biodiesel or blends with mineral 

diesel may reduce the calorific value of the fuel thus may lead to reduced engine power and increased fuel consumption 

[62-64. The cetane numbers of biodiesel and mineral diesel are about the same but the volatility of biodiesel is slightly 

higher which may affect the ignition delay and increase the amount of fuel for rapid combustion and boost the 

combustion temperature, thus producing higher NOx levels [65]. Some purpose such as water pumping for a single 

cylinder engines are expansively used in agricultural area. The use of the diesel fuel and having only one cylinder make 

them an economic alternative due to their low investment cost and limited fuel consumption. As a result, these engines 

are important auxiliary agricultural tool for rural areas. In some cases these engines are also used for driving some 

vehicles [66]. Alcohol maintains to get the global attention as alternative fuels despite of excess in crude oil. For a long 

period, as the world’s crude oil supplies stop to meet worldwide consumption, it is likely that engines running on pure 

alcohol will become more feasible. In the short term, particularly in those countries susceptible to a shortage in crude 

oil supplies, contingency plans in the form of alternative liquid fuels to meet the needs of their transport and 

agricultural sectors are necessary. According to the extension of diesel fuel supplies, it is recently as a particular 

concern. The use of ethanol in compression – ignition engines has, therefore, received considerable attention with 

particular emphasis on adapting the fuel to meet the requirements of the engine [67]. 

 

Author [68] investigated the combustion of ethanol and blends of ethanol with diesel fuel with the support of a heat 

release model. They observed that the effects of adding ethanol to diesel fuel were increased ignition delay, increased 

rates of premixed combustion, increased thermal efficiency and reduced exhaust smoke. Author [69] used a rapeseed 

oil, ethanol and diesel fuel blend and compared the heat release curves with diesel fuel. He observed that the addition of 

ethanol caused longer ignition lag at all operating conditions. At higher and full loads, the combustion speeds were high 

with strong premixed phases. [70-73] operated a Cummins N 14-410 engines on 12 fuels produced by blending methyl 

tallow ate, methyl soy ate and fuel ethanol with diesel fuel. The addition of ethanol to the fuel blends did not have an 

effect on ignition delay. The charge temperature was reported to decrease with a decrease in the diesel content of the 

fuel blends. Table 1 shows the typical fuel properties for diesel, ester and ethanol [74]. The properties for these fuels 

includes boiling point, cloud point, oxygen content, carbon, hydrogen, viscosity, density, cetane number, flash point, 

heat value. 

 

Table 1: Properties of diesel fuel and ethanol 

 

Fuel Properties Unit Diesel fuel Ethanol 

Density at 20°C kg/m
3
 837 788 

Cetane number - 50 5-8 

Kinematic Viscosity at 40°C mm
2
/s 2.6 1.2 

Surface tension at 20°C N/m 0.023 0.015 

Lower Calorific Value MJ/kg 43 26.8 

Specific heat capacity J/kg. °C 1850 2100 

Boiling point °C 180-360 78 

Oxygen %weight 0 34.8 

Latent heat of evaporation kJ/kg 250 840 

Bulk modulus of elasticity Bar 16 000 13 200 

Stoichiometric air-fuel ratio - 15.0 9.0 

Molecular weight kg 170 46 

 

II. MODEL SETUP 
 
In general, a one dimensional (1D) simulation of an engine model consists of intake system, exhaust system, 

compressor and variable geometry turbocharger system (VGT), common rail fuel injection systems, exhaust gas 

recirculation systems, engine cylinders and valve train. The development of the single cylinder modeling in one-

dimensional simulation for four-stroke direct-injection (DI) diesel engine was presented in this paper. The details of 

the engine parameters used in this model are described in Table 2. Figure 1 shows the diesel engine modeling using 

GT-POWER software. In the selected diesel engine, the intake system its have a few component, size and different 
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data. The system was started from environment till the intake valve. All of the intake system components in the GT-

POWER model are environment, intrunner air filter, air filter, intrunner, inport, intvalve. The components in this 

system need a few data to complete the data form and running the model. Engine cylinder and fuel injection system is 

focused in engine cylinder performance were support diesel fuel from fuel injection system, fresh air intake system and 

exhaust gas to exhaust system. The components, size and data must be record and inserted to the GT-POWER form. All 

of the engine cylinder and fuel injection system component are injector, cylinder and engine. Exhaust system is the 

last system in the diesel engine. The system was started from exhaust valve and finished in the environment. 

The GT-POWER components in the exhaust system are exhvalve, exhport, exhrunner, muffler, exhrunnerexit, and 

environment. 

 

Table 2: Detail parameter of a single cylinder diesel engine 

 

 

No Description Value 

1 Fuel Diesel 

2 Engine Type Single cylinder 

3 Displacement 406.6 cc 

4 Piston pin offset 1 mm 

5 Number of Cylinder 1 

6 Bore 86.0 mm 

7 Stroke 70 mm 

8 Connecting Rod Length 118.1 mm 

9 Compression Ratio 17.3 

12 Maximum Intake Valve Open 7.095 mm 

13 Maximum Exhaust Valve Open 7.095 mm 

14 Intake Duration 252 CAD 

15 Exhaust Duration 291 CAD 

 

 

Figure 1: GT POWER single-cylinder diesel engine 

 

The diesel engine modeling using GTPOWER computational model consist of the intake system model, engine 

cylinder and fuel injection system model, and exhaust system model. The intake system, the engine cylinder and fuel 

injection system were connected in which the intvalve in the intake system and cylinder in the engine cylinder and fuel 

injection system. All of this diesel engine components connected by orifficeconn. If the work was finish its can 

developed the diesel engine modeling using GTPOWER software as shown in Figure 1. The data is very important for 
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building an engine model. A list of information that is required to build a model in GTPOWER is included in library. 

Not every item will be required for all models, and sometimes additional information will be needed, but the list is 

generally a good starting point. If the model is being built at an early design stage, determining optimal values for some 

of the items listed may be the purpose of the simulation. If this is the case, those particular attributes should be defined 

as parameters and run for a series of cases to determine an optimal value. Data required in engine characteristics are 

compression ratio, firing order, inline or V configuration, V-angle (optional), 2 or 4 stroke. Data required in cylinder 

geometry are bore, stroke, connecting rod length, pin offset, piston TDC clearance height, head bowl geometry, piston 

area and head area. Data needed in intake and exhaust system is geometry of all components. Data in throttles are 

throttle location and discharge coefficients versus throttle angle in both flow directions. Data in fuel injectors are 

location and number of injectors, number of nozzle holes and nozzle diameter, injection rate, fuel type and LHV. Data 

in intake and exhaust valves are valve diameter lift profile, discharge coefficient, valve lash. Data in ambient state are 

pressure, temperature and humidity. Performance data can be very useful when tuning a model after it has been built. 

The preparation was important before the model simulation was running. The preparations are to review the 

completed model, run setup, case setup, plot requests and plot setup. All of the parameters in the model will be listed 

automatically in the setup and each one must be defined for first case of the simulation. Commonly, computation time 

can be reduced in steady state simulations by planning the order of the simulations and utilizing the initialization 

state in run setup. Cycle and/or time plots may be requested by selecting the appropriate plot from the plot options 

folder within each part. All plots requested in individual parts will be stored regardless of whether the user chooses to 

use plot setup. If the model has been prepared for simulation, the GT-POWER simulation may be started and this will 

start the simulation running. A window wills be progress of simulation in the form of scrolling text. Once the input has 

been read successfully, the simulations will begin, and occasional reports of the progress will be given. 

 

Engine Performance Parameters 
 
In this section, some basic parameters that commonly used to characterize engine operation are developed. These 

include the mechanical output parameters of work, torque, and power; the input requirement of air, fuel and 

combustion; efficiencies; and emission measurement of engine exhaust(Heywood, 1988, Pulkrabek, 2004). 

 

Volumetric Efficiency: Volumetric efficiency is used as an overall measure of the effectiveness of a four stroke cycle 

engine and its intake and exhaust system as an air pumping device. The equation use for volumetric efficiency is 

expressed as Eq. (1) (Pulkrabek, 2004): 

 

 

Brake Engine Torque: Torque is a good indicator of an engine’s ability to do work. It is defined as force acting at a 

moment distance and has units of N-m or lbf-ft. Torque (τ) is related to work by Pulkrabek (2004): 

(2) 
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One-Dimensional Simulation for Single Cylinder Diesel Engine Operating With Ethanol 

 

 

where Wb = brake work of one revolution 

Vd = displacement volume 

n = number of revolutions per cycle 

 

For a four-stroke cycle engine that takes two revolutions per cycle, 

 

τ = (bmep)Vd / 4π                                                         (3) 

 

Brake Power: Power is defined as the rate of work of the engine. If n = number of revolutions per cycle and N = engine 

speed, then brake power is expressed as Eq. (4) Pulkrabek (2004): 

 

W  = WN / n W  
= 2πNτ 

W  = (1/ 2n)(mep) Ap U p 

 

where W = work per cycle 

W  
= (mep) ApU p / 4                                                                                                                                                        (4) 

Ap = piston face area of all pistons 

U p = average piston speed 

 

Brake Thermal Efficiency: Brake thermal efficiency (ηbth ) is the ratio of energy in the brake power, (bp), to the input fuel 

energy in appropriate units (Ganesan, 2003). Solving for thermal efficiency as per below: 

 

                                                           (5) 

 

Brake Mean Effective Pressure: Mean effective pressure is a good parameter for comparing engines with regard to 

design or output because it is independent of both engine size and speed. If brake work is used, brake mean effective 

pressure is obtained: 

bmep = wb / Δv bmep = 2πnτ / Vd 

where 

 Δv = vbdc − vtdc 

 

Brake Specific Fuel Consumption: Brake power gives the brake specific fuel consumption: 

 

 

Where  

                               (6) 
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III. RESULTS AND DISCUSSION 
 
In this study, the effects of ethanol and diesel fuel on the engine performance were being discussed. The tests were 

performed by varying the engine speed starting from 500 rpm until 4000 rpm with the increment of 500 rpm. The 

variation of the engine performance that had been discussed were engine air flow, volumetric efficiency, brake power, 

brake thermal efficiency, brake engine torque, brake mean effective pressure, brake specific fuel consumption and in-

cylinder pressure. The results from the simulation model were compared the trends between the diesel and ethanol 

fuel. Figure 2 shows the effect of engine air flow with respect to engine speed. It can be seen that the trend for this fuel 

were similar for diesel fuel and ethanol. The engine air flow increase as increasing of the engine speed. The 

stoichiometric air-fuel ratio (AFR) for ethanol is 40% lower than diesel fuel. Therefore, the engine air flow operating 

with ethanol is slightly lower due to inducted less air as compared to diesel fuel. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2: Effect of engine speed variation on engine air flow 

 

Figure 3 shows the effect of volumetric efficiency with respect to engine speed. It can be seen that the maximum 

efficiency achieved at 2000rpm of engine speed. Engine with higher volumetric efficiency will generally be able to run 

at higher speeds and produce more overall power due to less parasitic power loss moving air in and out of the engine. 

The turning point for the volumetric efficiency occurs at the engine speed 2500rpm, so volumetric efficiency decrease 

sharply as the engine speed increase further. The sharp decrease happens because of higher speed is accompanied 

by some 

phenomenon that have negative influence onηυ . These phenomenon’s include the charge heating in the manifold and 

higher friction flow losses which increase as the square of engine speed.(Rahman et al., 2009) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3: Variation of volumetric efficiency against engine speed 

 

The variation of brake power for diesel and ethanol with engine speed is shown in Figure 4. The figure illustrates the 
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engine outputs at full load. It was observed that the injection delay of diesel fuel was longer than that of ethanol and the 

ignition delay decreases with the increase in brake power. A close resemblance occurred at low speed representing 

small discrepancy in output between the fuels. However, at higher speed, a clear gap appeared between the diesel fuel 

and ethanol. The maximum brake power for diesel and ethanol are 6.86 kW and 4.20 kW respectively. The maximum 

reduction brake power recorded was about 38.84% at the highest speed. It is well known that the heating value of the 

fuel affects the power of an engine. The lower energy level of the ethanol fuel causes some reductions in the engine 

power when it is used in diesel engines without any modifications (Ozer et al., 2004). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4: Variation of brake power for diesel and ethanol with engine speed Figure 5 shows the variation of brake 

thermal efficiency with engine speed. 

 

It is a good measure in assessing how efficiently the energy in the fuel was converted to mechanical output. They 

generally show similar trends and closely resemble one another. The brake thermal efficiencies for ethanol were lower 

compared to diesel fuel. The maximum reductions were about 1.2% and 0.9% for the engine speed 1500rpm and 

 2000rpm, respectively. Brake thermal efficiency lower for ethanol due to lower calorific value compared to diesel fuel. 

Increasing the ethanol amount in the fuel blend decreased the brake thermal efficiency.(Rakopoulos et al., 2008) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5: Effect of engine speed variation on brake thermal efficiency 

 

The effect of diesel fuel and ethanol on brake engine torque for various speeds is shown in Figure 6. The torque is a 

function of engine speed (Abu-Zaid, 2004). At low speed, torque increases as the engine speed increase, reaches a 

maximum and then, as engine speed increase further, torque decreases as shown in Figure 6. The torque decreases 
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because the engine is unable to ingest a full charge of air at the higher speed. From Figure 6, it is clearly shown the gap 

between diesel fuel and ethanol. The maximum reduction brake engine torque recorded was about 37.67% when 

engine speed achieved at 2000 rpm. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6: Variation of brake engine torque against engine speed 

 

Figure 7 shows the variation of brake mean effective pressure against engine speed. They generally show the similar 

trends for both fuels. The maximum reduction of the brake mean effective pressure recorded was about the same with 

the brake engine torque. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7: Variation of brake mean effective Pressure against engine speed 

 

Figure 8 shows the effect of engine speed variation on brake specific fuel consumption (BSFC) for diesel fuel and 

ethanol. They generally show similar trends for both fuels. The minimum BSFC (241.484 g/kWhr) was obtained for 

diesel, (388.882) g/kWhr for ethanol. As shown in Table 1, the cetane number for diesel fuel is highest than ethanol. 

Table 1 shows that the diesel fuel has the higher low calorific value (43 MJ/kg) compared to ethanol (26.8 MJ/kg). 

From Figure 8 and Table 1, it was observed that the higher BSFC for ethanol was due to longer ignition delay. It is 

caused by their lower cetane number. The decreasing of the cetane number, increase the ignition delay. Increasing the 

ethanol amount in the fuel blend increased the brake specific fuel consumption (Rakopoulos et al., 2008). 
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Figure 8: Effect of engine speed variation on brake specific fuel consumption 

 

Figure 9 shows the effect of engine speed variation on in-cylinder pressure for diesel fuel and ethanol. The results show 

that the peak pressure for diesel is higher compared with ethanol. It is found that the ignition delay for diesel is lower 

due to highest cetane number, resulting in high peak in-cylinder pressure. The graph line of pressure rise and drop 

suggest that the shorter ignition delay occurs and it thus responsible for the early start of combustion with the engine 

operating. If combustion starts too early in the cycle, the work transfer from the piston to the gases in the cylinder at the 

end of the compression is too large. If the combustion starts too late, the peak cylinder pressure is reduced, and 

the expansion stroke work transfer from the gas to the piston decreases (Alla, 2002). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 9: Effect of CAD variation on In-Cylinder Pressure 

 

IV. CONCLUSION 
 
The effect of using the different fuels and their impact on the engine performance of a single cylinder diesel engine has 

been investigated and the conclusions can be summarized as follows: 

 

1. The decrease in brake thermal efficiency because of the lower low heating value. Among the two fuels of ethanol 

and diesel, the lower brake thermal efficiency was obtained from ethanol. 

2. The brake specific fuel consumption increased mainly due to the lower low heating value. The brake specific fuel 

consumption for ethanol was higher than that of diesel fuel. 

3. It is found that the ignition delay for ethanol was increased due to the lower 

4. cetane number, thus resulting in low peak in-cylinder pressure. 

5. The lower energy content of ethanol caused some increment in brake specific fuel consumption of the engine 
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depending on the percentage of ethanol in blend. 

 

REFERENCES 
 
1. Rahman, M.M., Mohammed, M.K. and Bakar, R.A. 2009. Effects of air fuel ratio and engine speed on engine 

performance of hydrogen fueled port injection engine. American Journal of Scientific Research, 1: 23-33. 

2. Rakopoulos, C.D. and AL., E. 2006. Comparative performance and emissions study of a direct injection diesel 

engine using blends of diesel fuel with vegetable oils or bio-diesels of various origins. Energy Conversion and 

Management, 47: 3272- 3287. 

3. Rakopoulos, C.D., Antonopoulos, K.A. and Rakopoulos, D.C. 2007. Experimental heat release analysis and 

emissions of a HSDI diesel engine fueled with ethanol– diesel fuel blends. Energy, 32: 1791-1808. 

4. Rakopoulos, D., Rakopoulos, C., Kakaras, E. and Giakoumis, E. 2008. Effect of ethanol–diesel fuel blends on the 

engine performance and emissions of heavy duty DI diesel engine. Energy Conversion & Management, 49: 3155-

3162. 

5. Gnanaraj, S. J. P., & Velmurugan, V. (2019). An experimental study on the efficacy of modifications in enhancing 

the performance of single basin double slope solar still. Desalination, 467, 12-28. 

6. Gnanaraj, S. J. P., Ramachandran, S., & Christopher, D. S. (2017). Enhancing the design to optimize the 

performance of double basin solar still. Desalination, 411, 112-123. 

7. Nirmala, D. A. R., Kannan, V., Thanalakshmi, M., Gnanaraj, S. J. P., & Appadurai, M. (2022). Inventory 

management and control system using ABC and VED analysis. Materials Today: Proceedings, 60, 922-925.  

8. Gnanaraj, S. J. P., Ramasamy, S., Karthick, M., Klington, A. G., & Appadurai, M. (2022). Enhancing the 

concentric tube properties by optimizing operational parameters. Materials Today: Proceedings, 49, 3726-3730. 

9. Appadurai, M., Irudaya Raj, E. F., Thanu, M. C., & Pushparaj, T. L. (2023). Finite element analysis and 

computational fluid dynamic study of hybrid composite‐based offshore wind turbines. Materialwissenschaft und 

Werkstofftechnik, 54(11), 1362-1377. 

10. Subharaj, C., Logesh, M., Munaf, A. A., Srinivas, J., & Gnanaraj, S. J. P. (2022). Sustainable approach on cement 

mortar incorporating silica fume, LLDPE and sisal fiber. Materials Today: Proceedings, 68, 1342-1348. 

11. Jeshurun, S. B., Thangam, J. A., Gnanaraj, S. J. P., & Klington, A. G. (2022). An empirical study on career 

gratification among college bibliognosts. Materials Today: Proceedings, 60, 806-810. 

12. Karthick, M., Gnanaraj, S. J. P., Appadurai, M., & Jeshurun, S. B. (2022). Productivity enhancement of a single 

slope solar still with energy storage medium. Materials Today: Proceedings, 60, 889-893. 

13. Infantraj, A., Augustine, M., Raj, E. F. I., & Appadurai, M. (2023). Investigation of Various Laminating Materials 

for Interior Permanent Magnet Brushless DC Motor for Cooling Fan Application. CES Transactions on Electrical 

Machines and Systems, 7(4), 422-429. 

14. Maheswari, K. S., Mayandi, K., Gnanaraj, S. J. P., & Appadurai, M. (2022). Effect of transparent glass cover 

material on double slope solar still productivity. Materials Today: Proceedings, 62, 5415-5419. 

15. Logesh, K., Gnanaraj, S. J. P., Jeshurun, S. B., & Klington, G. (2022). Experimental analysis of solar still with 

thermal storage medium. Materials Today: Proceedings, 60, 791-794. 

16. Ramaswamy, S., Shariff, Z. A., Munaf, A. A., Leno, I. J., Gnanaraj, S. J. P., & Jeshurun, S. B. (2022). Study on 

application of higher order lamination plate theory over various applications of natural fiber cross-ply 

composites. Materials Today: Proceedings, 60, 822-826. 

17. Gnanaraj, S. J. P., Arulraj, I., & Appadurai, M. (2022). Computational analysis of fine droplet in swirl injector for 

desalination. Materials Today: Proceedings, 62, 703-709. 

18. Nirmala, A. R., Bhalaji, R. K. A., Kumar, S. B., Gnanaraj, S. J. P., & Appadurai, M. (2022). Study on the effect of 

COVID− 19 pandemic on the savings and investment pattern of the manufacturing sector. Materials Today: 

Proceedings, 68, 1319-1323. 

19. Paulsyah, D. E., Gnanaraj, S. J. P., Myrtle, R. S., Grace, C. J. C., & Samuel, J. J. J. (2023, November). Green 

Methods of Larvae Control in Aquatic Environments: Using Solar Energy to Agitate Water. In 2023 International 

Conference on Sustainable Communication Networks and Application (ICSCNA) (pp. 799-804). IEEE. 

20. Gnanaraj, S., Patrick, J., Ramachandran, S., & Logesh, K. (2016). A Review on Solar Water Distillation Using 

Thermal Energy Storage. RESEARCH JOURNAL OF PHARMACEUTICAL BIOLOGICAL AND CHEMICAL 

SCIENCES, 7(6), 2471-2477. 

21. Gnanaraj, S. J. P., & Ramachandran, S. (2016). Design and Fabrication of Modified Single Slope Solar Still with 

Solar Pond. Int. J. Chem. Sci, 14, 615-624. 

22. Kumara, M. M., Rajesha, S., & Gnanarajb, S. J. P. (2023). Experimental investigation of double basin solar still 

integrated with solar flat plate collector and solar pond with modified design. Desalination and water 

http://www.ijirset.com/


International Journal of Innovative Research in Science, Engineering and Technology (IJIRSET) 

         KJ                               |e-ISSN: 2319-8753, p-ISSN: 2347-6710| www.ijirset.com | Impact Factor: 8.423| A Monthly Peer Reviewed & Referred Journal | 

|| Volume 13, Issue 3, March 2024 || 

| DOI:10.15680/IJIRSET.2024.1303063 |    
 

IJIRSET©2024                                                            |     An ISO 9001:2008 Certified Journal   |                                               1709 

 

 

treatment, 290, 26-35. 

23. Samuel, J. J. J., Ramadoss, R., Gunasekaran, K. N., Logesh, K., Gnanaraj, S. J. P., & Munaf, A. A. (2021). Studies 

on mechanical properties and characterization of carbon fiber reinforced hybrid composite for aero space 

application. Materials Today: Proceedings, 47, 4438-4443. 

24. Gani, Z. F. A., Mohamed, J. S., Gnanaraj, J. P. S., Muthusaravanan, N., & Ariyanayagam, K. (2022). Experimental 

study on the stability and flame characteristics of LPG flames in O2/N2 and O2/CO2 environment. Materials 

Today: Proceedings, 49, 2019-2024. 

25. Gnanaraj, S. J. P., & Velmurugan, V. (2020). An experimental investigation to optimize the production of single 

and stepped basin solar stills-a Taguchi approach. Energy Sources, Part A: Recovery, Utilization, and 

Environmental Effects, 1-24. 

26. Gnanaraj, S., Patrick, J., Ramachandran, S., & Logesh, K. (2017). A Review of Various Techniques used for the 

Improvement of Solar Still. RESEARCH JOURNAL OF PHARMACEUTICAL BIOLOGICAL AND 

CHEMICAL SCIENCES, 8(3), 1971-1979. 

27. Hansen, R. S., Mary, M. B. Q., Subramanian, S. S., Raj, J. A., Gnanaraj, S. J. P., & Appadurai, M. (2022). 

Utilization of PCM in inclined and single basin solar stills to improve the daily productivity. Materials Today: 

Proceedings, 62, 967-972. 

28. Gnanaraj, S. J. P., Ramachandran, S., & Mageshwaran, G. (2016). Experimental analysis of single basin solar still 

with internal reflector and sensible heat storage medium. International Journal of ChemTech Research, 9(8), 328-

337. 

29. Nirmala, D. A. R., Ramaswamy, S., Logesh, K., & Gnanaraj, S. J. P. (2022). Empirical study on risk mitigation for 

dairy supply chain management of Aavin Co-operative Milk Producers’ Union Ltd. Materials Today: 

Proceedings, 49, 3657-3660. 

30. Thangam, C., Ramaswamy, S., Karthikeyan, C., & Muthukumaran, N. (2022, April). Implementation of Barrel 

Shifter in Vedic Multiplier. In 2022 International Conference on Sustainable Computing and Data Communication 

Systems (ICSCDS) (pp. 774-777). IEEE. 

31. Ravindran, P., Mohamed, M. J. S., Gnanaraj, S. J. P., & Appadurai, M. (2022). Effect of graphite addition on dry 

sliding wear behavior of Self-lubricating Al-SiC-Gr hybrid composites by PM process. Materials Today: 

Proceedings, 60, 783-787. 

32. Appadurai, M., Fantin Irudaya Raj, E., Darwin, S., & Jenish, I. (2020, December). Finite Element Analysis of 

Silicon Heat Sink with CNT Nanofluids for Microelectronics Applications. In International Conference on Future 

technologies in Manufacturing, Automation, Design and Energy (pp. 489-497). Singapore: Springer Nature 

Singapore. 

33. Gnanaraj, S. J. P., & Velmurugan, V. (2022). Experimental investigation on the performance of modified single 

basin double slope solar stills. International Journal of Ambient Energy, 43(1), 206-215. 

34. Devi, R. C., Girimurugan, R., Nanthakumar, S., Rajasekaran, P., Ahammad, S. H., & Gnanaraj, S. J. P. (2022). 

Experimental study of mechanical properties of Sisal/banana fiber hybrid sandwich composite. Materials Today: 

Proceedings, 68, 1793-1799. 

35. Fantin Irudaya Raj, E., Appadurai, M., Chithamabara Thanu, M., & Francy Irudaya Rani, E. (2023). IoT‐Based 
Smart Parking System for Indian Smart Cities. Machine Intelligence, Big Data Analytics, and IoT in Image 

Processing: Practical Applications, 369-398. 

36. Gnanaraj, S., Patrick, J., & Annaamalai, M. G. L. (2022). Enhancing solar still productivity by optimizing 

operational parameters. DESALINATION AND WATER. TREATMENT, 254, 1-14. 

37. Sivakumar, C. K., Robinson, Y., Prema, P., Gnanaraj, S. J. P., & Appadurai, M. (2022). Mechanical characteristics 

of aluminium alloy joints produced by friction stir welding. Materials Today: Proceedings, 62, 5620-5624. 

38. Swikker, K., Sankaramoorthy, T., Girisha, L., Gopinath, P., Suresh, P., & Gnanaraj, S. (2022, April). Experimental 

investigation on the properties of glass fiber-reinforced polymer composites containing graphene. In AIP 

Conference Proceedings (Vol. 2405, No. 1). AIP Publishing. 

39. Gnanaraj, S. J. P., Ramachandran, S., & Logesh, K. (2017). Enhancing the performance of solar still with solar 

pond. Journal of Chemical and Pharmaceutical Science, 10(1), 267-269. 

40. Gnanaraj, S. J. P., Balasubramanian, V., Munaf, A. A., Stalany, V. M., Chandrasekar, K., & Kumar, M. S. (2021). 

Investigation on drilling parameters of jute and cotton fiber strengthened epoxy composites. Materials Today: 

Proceedings, 45, 7107-7112. 

41. Kolappan, S., Manickam, I. N., Swikker, K. R. J., Gnanaraj, S. J. P., & Appadurai, M. (2022). Performance 

analysis of aircraft composite winglet. Materials Today: Proceedings, 62, 889-895. 

42. Kumar, J. R., Mayandi, K., Gnanaraj, S. J. P., Chandrasekar, K., & Ramalingam, P. S. (2022). A critical review of 

an additive manufacturing role in Covid-19 epidemic. Materials Today: Proceedings, 68, 1521-1527. 

http://www.ijirset.com/


International Journal of Innovative Research in Science, Engineering and Technology (IJIRSET) 

         KJ                               |e-ISSN: 2319-8753, p-ISSN: 2347-6710| www.ijirset.com | Impact Factor: 8.423| A Monthly Peer Reviewed & Referred Journal | 

|| Volume 13, Issue 3, March 2024 || 

| DOI:10.15680/IJIRSET.2024.1303063 |    
 

IJIRSET©2024                                                            |     An ISO 9001:2008 Certified Journal   |                                               1710 

 

 

43. Thanu, C., Raj, F. I., Appadurai, & Pushparaj, L. (2023). Mechanical strength enhancement of natural fibre 

composites via localized hybridization with stitch reinforcement. International Polymer Processing, 38(5), 539-

550. 

44. Karthick, M., Kumar, S. R., Athiappan, K., & Gnanaraj, S. (2022, April). Thermal analysis of counter flow 

concentric tube heat exchanger using Runge-Kutta method. In AIP Conference Proceedings (Vol. 2405, No. 1). 

AIP Publishing. 

45. Augustine, M., Raj, E. F. I., Appadurai, M., & Balaji, M. (2023). Impact of silicon steel laminating materials in 

modified segmented rotor switched reluctance motor: electromagnetic and vibrational analysis. Journal of 

Vibration Engineering & Technologies, 1-16. 

46. Darwin, S., Raj, E. F. I., Appadurai, M., & Thanu, M. C. (2023). A Detailed Study on Single Electron Transistors 

in Nano Device Technologies. In Energy Systems Design for Low-Power Computing (pp. 67-99). IGI Global. 

47. Sulaiman, S. S., Jancy, P. L., Muthiah, A., Janakiraman, V., & Gnanaraj, S. J. P. (2021). An evolutionary optimal 

green layout design for a production facility by simulated annealing algorithm. Materials Today: Proceedings, 47, 

4423-4430. 

48. Sivakumar, C. K., Robinson, Y., & Gnanaraj, S. J. P. (2023). Enhancing the productivity of v-type and roof type 

single basin solar still with internal modification-a Taguchi method, 20-35. 

49. Gnanaraj, S. J. P., Ramachandran, S., & Logesh, K. (2021). Optimization of production in single basin solar still 

using Taguchi method-Experimental and theoretical approach. Materials Today: Proceedings, 47, 4468-4474. 

50. Raj, E. F. I., Appadurai, M., Ram, V., Gnaniah, A. M., & Salkuti, S. R. (2023). Natural-Fibre-Reinforced 

Composite-Based Micro-Size Wind Turbines: Numerical Analysis and Feasibility Study. Journal of Composites 

Science, 7(5), 197. 

51. Subharaj, C., Leno, I. J., Vivek, S., Gnanaraj, S. J. P., & Appadurai, M. (2022). Sustainable manufacturing system 

applying on eco-design products. Materials Today: Proceedings, 68, 1528-1535. 

52. Raj, E. F. I., Appadurai, M., Thiyaharajan, D., & Pushparaj, T. L. (2024). State-Of-The-Art Technologies for Crop 

Health Monitoring in the Modern Precision Agriculture. In Precision Agriculture for Sustainability (pp. 21-39). 

Apple Academic Press. 

53. Gnanaraj, S. J. P., Ramachandran, S., & Anbazhagan, R. (2017). Performance of double slope solar still with 

external modifications. Desalination and water treatment, 67, 16-27. 

54. Manickam, I. N., Logesh, K., Gnanaraj, S. J. P., & Appadurai, M. (2022). Effect of compression on coir industry 

waste material. Materials Today: Proceedings, 62, 710-713. 

55. Gnanaraj, S. J. P., Ramachandran, S., & Christopher, D. S. (2018). Enhancing the productivity of double-slope 

single-basin solar still with internal and external modifications. International Journal of Ambient Energy, 39(8), 

777-782. 

56. Appadurai, M., Fantin Irudaya Raj, E., & Chithambara Thanu, M. (2023). Application of Nanofluids in Heat 

Exchanger and its Computational Fluid Dynamics. Mathematics and Computer Science Volume 1, 505-524. 

57. Raj, F. I., Appadurai, Pushparaj, L., & Thanu, C. (2023). Mechanical characterization of randomly oriented short 

Sansevieria Trifasciata natural fibre composites. International Polymer Processing, 38(5), 564-581. 

58. Thangam, J. A., Jeshurun, S. B., Thangapoo, A., Gnanaraj, S. J. P., & Appadurai, M. (2022). Industrial hazards and 

safety measures–An empirical study. Materials Today: Proceedings, 60, 834-838. 

59. Balamurugan, A., Karthikeyan, K., Gnanaraj, S. J. P., & Muthukumaran, N. (2022, April). Stability Analysis of 

Voltage in IEEE 145 Bus System by CPF using Dragonfly Algorithm. In 2022 International Conference on 

Sustainable Computing and Data Communication Systems (ICSCDS) (pp. 778-783). IEEE. 

60. Subharaj, C., Logesh, K., Gnanaraj, S. J. P., Appadurai, M., & Vimalan, P. M. A. S. (2022). Design and 

development of Palmyra fruit pulp production equipment through sustainable approach. Materials Today: 

Proceedings, 68, 1762-1768. 

61. Chithambara Thanu, M., Appadurai, M., Fantin Irudaya Raj, E., & Lurthu Pushparaj, T. (2023). Experimental 

analysis of localized hybridization by means of adding woven polyester strip. International Polymer 

Processing, 38(4), 505-517. 

62. Mangalraj, A. (2023). Smart Water Management System Powered by the Internet of Things (IoT) for Real-World 

Applications. In Internet of Things (pp. 129-142). Chapman and Hall/CRC. 

63. Munaf, R. N. A., Karthikeyan, K., Gnanaraj, S. J. P., Sivakumar, T. A., & Muthukumaran, N. (2022, April). An 

ML Approach for Household Power Consumption. In 2022 International Conference on Sustainable Computing 

and Data Communication Systems (ICSCDS) (pp. 784-791). IEEE.  

64. Prabhakar, M. M., Gnanaraj, S. J. P., Allasi, H. L., Leno, I. J., Endro, S., & Kanna, S. R. (2021). Mechanical 

property analysis on bamboo-glass fiber reinforced montmorillonite nano composite. Materials Today: 

Proceedings, 45, 6936-6940. 

http://www.ijirset.com/


International Journal of Innovative Research in Science, Engineering and Technology (IJIRSET) 

         KJ                               |e-ISSN: 2319-8753, p-ISSN: 2347-6710| www.ijirset.com | Impact Factor: 8.423| A Monthly Peer Reviewed & Referred Journal | 

|| Volume 13, Issue 3, March 2024 || 

| DOI:10.15680/IJIRSET.2024.1303063 |    
 

IJIRSET©2024                                                            |     An ISO 9001:2008 Certified Journal   |                                               1711 

 

 

65. Perumal, P., Gnanaraj, S. J. P., Pandian, G. S., Livingston, T., & Muthukumaran, N. (2023, November). 

Revolutionizing E-Cycle Charging with a Novel Regenerative Battery System. In 2023 International Conference 

on Sustainable Communication Networks and Application (ICSCNA) (pp. 762-767). IEEE. 

66. Gnanaraj, S. J. P., Kavitha, R., & Kumar, M. K. (2023, November). IoT-Powered Flood Warning and Alert 

System: Innovations in Flood Detection and Notification. In 2023 International Conference on Sustainable 

Communication Networks and Application (ICSCNA) (pp. 487-490). IEEE. 

67. Joe Patrick Gnanaraj, S., & Ramachandran, S. (2022). Identification of operational parameter levels that optimize 

the production in solar stills with plain, corrugated, and compartmental basin. Environmental Science and Pollution 

Research, 29(5), 7096-7116. 

68. Gnanaraj, S. J. P., & Ramachandran, S. (2017). Optimization on performance of single-slope solar still linked solar 

pond via Taguchi method. Desalination and Water Treatment, 80, 27-40. 

69. Selvan, S. T., Mohandass, M., Ramalingam, P. S., Mayandi, K., Gnanaraj, S. J. P., & Appadurai, M. (2022). An 

exclusive hand protection device made of fused deposition modelling process using poly (lactic acid) 

polymer. Materials Today: Proceedings, 68, 1381-1386. 

70. Raj, E. F. I., Manimala, K., & Appadurai, M. (2023). Differential Protection Scheme along with Backup 

Blockchain System. In Smart and Power Grid Systems–Design Challenges and Paradigms (pp. 135-156). River 

Publishers. 

71. Raja, M. A., Manikandan, V., Kumar, S. S., Amuthakkannan, P., Balasubramanian, I., Gnanaraj, S. J. P., & 

Jeshurun, S. B. (2022). Parametric investigation and optimization of AWJM process on stir cast al7075/basalt 

composite materials using Taguchi based grey relational analysis. Materials Today: Proceedings, 60, 815-821. 

72. Ramaswamy, S., Gnanaraj, S. J. P., Sekar, K. C., & Muthukumaran, N. (2023, November). Analysis of 

Distribution Line in Link with Substation using GSM Technology. In 2023 International Conference on 

Sustainable Communication Networks and Application (ICSCNA) (pp. 526-528). IEEE. 

73. Pushparaj, T. L., Raj, E. F. I., Rani, E. F. I., & Appadurai, M. (2023). Synthesis of biogenic cerium oxide-

supported osmium oxide nanoalloy from Oldenlandia umbellata L. plant extract for pharmacological 

applications. Biomass Conversion and Biorefinery, 1-15. 

74. Kumar, M. M., Rajesh, S., Appadurai, M., & Gnanaraj, S. J. P. (2022). Performance enhancement of solar 

distillation system with internal modification. Materials Today: Proceedings, 62, 5452-5455. 

 

http://www.ijirset.com/


 


	One-Dimensional Simulation for Single Cylinder Diesel Engine Operating with Ethanol
	ABSTRACT: This study intended to perform the one-dimensional simulation for single cylinder diesel engine. The one-dimensional numerical analysis of GT-Power software is used to simulate the commercial single cylinder diesel engine. The diesel engine ...
	I. INTRODUCTION
	II. MODEL SETUP
	Engine Performance Parameters
	III. RESULTS AND DISCUSSION
	IV. CONCLUSION
	REFERENCES

