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Abstract: The current work investigated the combustion efficiency of biodiesel engines under diverse 

ratios of compression (15.5, 16.5, 17.5, and 18.5) and different biodiesel fuels produced from apricot 

oil, papaya oil, sunflower oil, and tomato seed oil. The combustion process of the biodiesel fuel inside 

the engine was simulated utilizing ANSYS Fluent v16 (CFD). On AV1 diesel engines (Kirloskar), 

numerical simulations were conducted at 1500 rpm. The outcomes of the simulation demonstrated that 

increasing the compression ratio (CR) led to increased peak temperature and pressures in the 

combustion chamber, as well as elevated levels of CO2 and NO mass fractions and decreased CO 

emission values under the same biodiesel fuel type. Additionally, the findings revealed that the highest 

cylinder temperature was 1007.32 K and the highest cylinder pressure was 7.3 MPa, achieved by 

biodiesel derived from apricot oil at an 18.5% compression ratio. Meanwhile, the highest NO and CO2 

mass fraction values were 0.000257524 and 0.040167679, respectively, obtained from biodiesel 

derived from papaya oil at an 18.5% compression ratio. This study explained that the apricot oil 

biodiesel engine had the highest combustion efficiency with high emissions at a compression ratio    

of 18:5. On the other hand, tomato seed oil biodiesel engines had low combustion performance and 

low emissions of NO and CO2 at a compression ratio of 15:5. The current study concluded that apricot 

oil biodiesel may be a suitable alternative to diesel fuel operated at a CR of 18:1. 
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Nomenclature: B: Blend; C: Celsius; CA: Crank angle; CFD: Computational fluid dynamics; CO2: 

Carbon dioxide; CO: Carbon monoxide; CR: Compression ratio; e: Rate of dissipation of turbulent 

kinetic energy; HC: Hydrocarbon emissions; K: Kelvin; k: turbulent kinetic energy; NO: Nitric oxide; 

NOx: Emissions of nitrogen oxides; P: Pressure; Pa: Pascal; PISO: Pressure-velocity calculation 

procedure for the Navier-Stokes equations; PM: Particulate matter; RANS: Reynolds averaged Navier 

Stokes; RNG: Renormalization group; TAB breakup: Taylor analogy breakup; T: Temperature  

1. Introduction  

Energy is an essential factor in the persistence of human life on Earth. Countries' energy 

consumption influences aspects such as expanding populations, resources for energy, environmental 

circumstances, political changes, growth rate, and implemented economic strategies [1]. Energy is 

employed in numerous fields, such as manufacturing, the production of food, the agricultural sector, 

and transportation. Rising consumption of energy and environmental problems, especially the effect 

of global warming, need the adoption of substitutes for fossil fuels [2]. Diesel engines are extensively 

implemented in many different applications, including manufacturing, agriculture, construction, and 

transportation, due to their enhanced fuel economy, robustness, dependability, and distinct power 

production [3]. Nonetheless, diesel engines are well-recognized to be the primary sources of emissions 

of nitrogen oxides (NOx) and particulate matter (PM) [4]. Because of decreased oil reserves, growing 

environmental consciousness, and tight emission restrictions, scientists are looking for clean, 

alternative, renewable energy sources to improve the efficiency of internal combustion engines and 

reduce emissions [5].  

Biodiesel is regarded as one of the best substitutes for diesel fuel because of its renewable nature, 

low emissions, excellent combustion efficiency, biodegradability, and enhanced lubrication [6]. 

Biodiesel may be produced from natural resources such as fats from animals and plants. Biodiesel is 

an ecologically friendly fuel that is non-toxic and biodegradable in the natural environment [7]. On the 

other side, biodiesel fuel has cleaner combustion, a higher flash point, improved engine performance, 

and no sulfur concentration compared to diesel fuel [8,9]. Studies on biodiesel fuels have recently 

increased, and scientists think that biodiesel produced from a range of materials could be employed as 

a suitable alternative for traditional diesel fuel [10]. The utilization of biodiesel at various rates of 

diesel fuel in diesel engines involves different impacts on engine efficiency and emission levels based 

on the conditions of operation, engine structure, and biodiesel fuel properties [11]. Overall, biodiesel 

fuels have a lower thermal value than diesel fuel, although biodiesel fuels have a higher density. 

Several studies indicate that utilizing biodiesel derived from different feedstocks can improve emission 

attributes while reducing performance slightly [12].  

Numerous investigations have been accomplished to enhance diesel engine efficiency and 

eliminate emissions in a variety of ways, such as employing biodiesel as a substitute to diesel fuel, 

mixing diesel fuel with various ratios of biodiesel, changing engine compression percentages, 

improving the chamber of the engine's combustion, and adding nano components [13]. The 

compression ratio is one of the most important factors for an engine. The compression ratio of a diesel 

engine has an important effect on its efficiency and overall performance, and it plays a crucial role in 

determining its efficiency, power output, fuel economy, emissions, and overall performance [14]. 

Various studies have been carried out to examine the impact of compression percentages on blends of 

biodiesel and diesel. Renish et al. [14] checked the impact of a diesel engine under various compression 
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proportions operating with a sea mango biodiesel-diesel blend (B20). According to the results, at   

CR 18:1, the levels of smoke, hydrocarbons, and carbon monoxide emissions under B20         

were 26.78%, 23.44%, and 37.76%, respectively, which is lesser than those of diesel. Nonetheless, the 

results discovered that the blend (B20) emitted more NO at every compression ratio. In addition, the 

effects of combustion gas recirculation rates and compression proportions of 18:1, 20:1, and 22:1 on 

diesel engines that were powered by a B20 blend consisting of mango seed methyl ester and diesel 

were investigated by Ahamed et al. [15]. The results explained that at a compression proportion     

of 22:1, the thermal efficiency of the brakes increased by 7.4%, while emission levels of hydrocarbons, 

smoke, and carbon monoxide decreased by 40%, 7.1%, and 33.3%, correspondingly. In addition, the 

NOx emissions climbed considerably. Datta et al. [16] studied the influence of employing a mixture 

consisting of biodiesel derived from palm oil with diesel as fuel under various compression proportions 

on efficiency of combustion and pollutants of the diesel engine. The results showed that a decline in 

compression proportion raises emissions ratios of smoke, hydrocarbons, and carbon monoxide but 

reduces emissions ratios of NOx and CO2. Furthermore, the influence of different compression ratios 

inside the diesel engine that used a mixture consisting of 80% diesel fuel and 20% biodiesel made from 

palm oil was studied by Rosha et al. [17]. The outcomes demonstrated that increasing the engine 

compression ratio from 16:1 to 18:1 raised the maximum pressure inside the cylinder and the efficiency 

of the brake thermal, while lowering the duration of ignition delay. Moreover, as the engine's 

compression proportion raised from 16:1 to 18:1, emissions levels of smoke, hydrocarbons, and carbon 

monoxide decreased, but emissions ratios of nitrogen oxides raised. Sivaramakrishnan et al. [18] 

examined the properties of a diesel engine operated with mixtures of biodiesel created from karanja 

oil and diesel fuel under various compression ratios. The outcome showed that CO and HC emissions 

dropped as the blend ratio increased. Dugala et al. [19] studied the characteristics of a dual biodiesel 

blend of mahua and jatropha in equal proportions with diesel under various compression percentages. 

The results demonstrated that the highest temperature and pressure of the mixture inside the 

combustion chamber were 11.1–69.8 C and 0.15–0.36 bar, respectively. Moreover, the results stated 

that emission levels of HC and CO were decreased by 33–62%. Mahmood et al. [20] examined the 

impact of altering the compression proportion on the efficiency and emission properties of a diesel 

engine fueled by a blend of biodiesel derived from corn oil and standard diesel fuel. The results 

indicated that when the compression percentage and ratio of the biodiesel mixture increased, emission 

levels of carbon monoxide, hydrocarbons, and smoke opacity dropped. However, the emissions of 

carbon dioxide and nitrogen oxides raised. 

Various investigations have been conducted to improve the economy of fuel and reduce pollution 

during the transformation of a diesel engine to run on a biodiesel-diesel blend. Several studies have 

looked at the influence of compression proportions on a biodiesel-diesel blend, but only a few studies 

have focused on pure biodiesel types derived from apricot oil, papaya oil, sunflower oil, and tomato 

seed oil. As a result, essential research on the optimization of the compression ratio, combustion 

characteristics, and pollution for a diesel engine operating with biodiesel derived from apricot oil, 

papaya oil, sunflower oil, and tomato seed oil is still limited. In general, the engine's efficiency and 

emissions depend on the temperature and pressure inside the engine, which are directly related to the 

air-fuel ratio, compression ratio, injection time, ignition time, and the carbon, oxygen, and hydrogen 

content in the fuel. The carbon, oxygen, and hydrogen content of each type of biodiesel differs from 

the others depending on the source from which it is derived. The goal of the current study is to 

investigate numerically the influence of varying compression percentages (15.5, 16.5, 17.5, and 18.5) 
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on the emissions percentages and the characteristics of combustion in a diesel engine with one cylinder 

using various types of biodiesel fuels derived from oil (apricot, papaya, sunflower, and tomato seed) 

as a replacement for diesel fuel. The combustion chamber model was numerically examined employing 

the FLUENT program. 

2. Computational modeling 

A computational fluid dynamics (CFD) simulation was conducted on diesel engines employing 

different biodiesel fuels to analyze combustion properties at varying compression ratios. The ANSYS 

Workbench 2016 program was utilized for creating the geometry of the combustion chamber and grid 

generation [21]. This investigation involved a running diesel engine with a single-cylinder, a 

hemispherical bowl-shaped piston, a direct injection, and a four-stroke cycle using biodiesel fuel     

at 1500 rpm. Apricot oil, papaya oil, sunflower oil, and tomato seed oil were used to produce biodiesel 

fuels. Tables 1 and 2 present the specifications of the diesel engine and the characteristics of the 

biodiesel fuel. The FLUENT program version 16 was employed to model the combustion within an 

engine by addressing the governing equations linked to combustion and analyzing the outcomes. The 

Reynolds averaged Navier Stokes equations (RANS) are the fundamental equations of computational 

fluid dynamics (CFD). In addition, the three dimensions pressure-based implicit unsteady solver was 

employed to resolve the primary governing equations, which included momentum, mass, energy, and 

species. ANSYS FLUENT relies on the pressure adjustment methodology and implements the PISO 

approach. At the same time, the influence of turbulence on the flow was simulated using the RNG k-e 

model [22]. During the fuel spraying process, both the collision and TAB breakup models were 

employed [23]. To resolve the equation of species, discrete phase injection was coupled with finite 

rate/eddy dissipation chemical reactions and the equation of species transport [24]. As seen in   

Figure 2, just a 30° sector of the combustion chamber's geometry was determined in order to minimize 

the computation required. The in-cylinder geometry was created using the ANSYS tool design modeler, 

which started with a closed intake valve and ended with an open exhaust valve. The exhaust port, the 

intake port, the exhaust valve, and the intake valve were all disregarded. In addition, the complete 

modeling procedures, including the stroke of compression, injection of fuel, procedures of combustion, 

and stroke power, were simulated. The simulation process began at a 320-degree crank angle (CA) and 

concluded at a 400-degree CA, including both compression and combustion phases. The utilized 

boundary conditions were as follows: the beginning pressure was 1.57 bar, and the starting temperature 

was 600 K. Furthermore, the Harden burg auto-ignition model was employed to calculate the 

complicated chemical kinetics [25,26]. The amount of fuel injected into the engine              

was 0.000614727 kg/s, 0.000610534 kg/s, 0.000616971 kg/s, and 0.000618828 kg/s for sunflower oil, 

tomato seed oil, papaya oil, and apricot oil, respectively. ANSYS Workbench software was used for 

modeling biodiesel combustion. The biodiesel reaction included global sequences of reactions defined 

by the following equations [27]. 

C17H33O2 + 24.25 (O2) → 17 CO2 + 16.5 H2O + Heat      (1) 

C17H31O2 + 23.75 (O2) → 17 CO2 + 15.5 H2O + Heat      (2) 

C18H33O2 + 25.25 (O2) → 18 CO2 + 16.5 H2O + Heat      (3) 

C17H32O2 + 24 (O2) → 17 CO2 + 16 H2O + Heat      (4) 
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H2 + 0.5O2   ↔   2H2O             (5) 

CO + H2O ↔  CO2 + H2           (6) 

The emissions of NOx were calculated employing the method of an expanded Zeldovich [28]. 

            N2 + O ↔ NO + N            (7) 

                         N + O2 ↔ NO + O                (8) 

                           N + OH ↔ NO + H                 (9) 

Table 1. Diesel engine details [25]. 

Engine sort direct injection diesel 

Model AV1 (Kirloskar) 

Compression ratio 15.5, 16.5, 17.5, and 18.5 

Swept volume (liter) 0.552 

Valves number 2 

Cylinder count 1 

Stroke 110 mm 

Bore 80 mm 

Combustion chamber shape bowl 

Injector pressure 220 bar 

Table 2. Properties of biodiesel [3,29,30]. 

Biodiesel Sunflower oil Tomato seed oil Papaya oil Apricot oil 

Chemical formula C17H33O2 C17H31O2 C18H33O2 C17H32O2 

Density (kg/m3) 881.5 883 840 855 

Dynamic viscosity (Pa*s) 0.00366 0.004415 0.0029652 0.0036423 

Kin. viscosity @ 40 ℃ (cSt) 4.4 5 3.53 4.26 

Specific gravity (g/cm3)  0.881 0.883 0.840 0.85 

Lower calorific value, MJ/kg 39.91 36.67 38 40 

Cetane number 46.7 47.7 48.29 50.45 

Stoichiometric air-fuel ratio 12.375 12.46 12.33 12.293 

Flash point (c) 162 190 112 105 

Cloud point (c) 7.2 12 2 −7 

Pour point (c) −15 −16.1 1 −8 

TAN (mg KOH/g) 0.22 0.74 0.42 0.25 

Sulfur contents (%) 0.012 0.0172 0.01 0.00015 

Sulfated ash (wt%) 0.01 0.02 0.02 0.0299 

Oxygen content (wt%) 12.8 11.29 11.27 11.21 

Carbon content (wt%) 75.3 75.41 75.9 75.23 

Hydrogen content (wt%) 11.5 11.57 11.72 11.72 
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Figure 1. A depiction of the engine's cylinder geometry as generated by the ANSYS 

Workbench application. 

 

Figure 2. A demonstration of the engine's cylinder geometry through a 30-degree sector. 

 

Figure 3. A display of the meshing regions of the chamber of combustion. 

2.1. The examination for mesh independence 

The examination for mesh independence was conducted for the combustion chamber model using 

a compression ratio of 15.5 and biodiesel fuel produced from apricot oil. Four different mesh sizes 

were created, as depicted in Table 3 and Figure 4. To demonstrate the mesh independence test, a 

simulation was carried out for every mesh. Figure 5 displays the calculated maximum temperature 

within the combustion chamber. The findings reveal that there is no noticeable variation in temperature 

outcomes among the four mesh sizes. According to the mesh dependence test, mesh 3 was chosen for 

its precise results and its minimum calculation duration. 
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Table 3. A display of the details of the four meshes. 

Cases Elements Nodes 

Mesh 1 50272 56062 

Mesh 2 102236 111486 

Mesh 3 253948 253948 

Mesh 4 642033 673088 

 

 

 

Mesh 1 Mesh 2 

  

Mesh 3 Mesh 4 

Figure 4. A display of the four meshes of varying sizes. 

 

Figure 5. A display of the outcomes of the mesh independence examination. 

2.2. Validations of the models 

A combustion chamber model containing a single cylinder was built and tested for validation. A 

simulated model of a 3D engine was contrasted with Rajeesh et al.’s experimental model [23]. 
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Comparisons were conducted at a 16.5 compression ratio, a temperature of 300 K, the engine running 

at 1500 rpm, and employing a mixture of fuel consisting of 80% diesel fuel and 20% chicken fat 

biodiesel. The pressure inside the combustion chamber obtained by computational analysis was 

matched with the experimental findings of Rajeesh et al. [23]. Figure 6 illustrates the combustion 

chamber pressure validation findings. In general, numerical analysis findings and experimental 

findings of Rajeesh et al. appeared to be in reasonable agreement at the majority of the points. 

 

Figure 6. An illustration of the combustion chamber pressure validation findings. 

3. Results 

The combustion properties are significantly affected by the fuel parameters as heat is generated 

by combustion, concentrations of oxygen, cetane number, and the modulus of bulk. Distinct changes 

in biodiesel fuel characteristics are anticipated to result in a noticeable variance in combustion 

characteristics. Four different biodiesel fuels generated from apricot oil, papaya oil, sunflower oil, and 

tomato seed oil were used to study the impact of compression percentages (15.5, 16.5, 17.5, and 18.5) 

on the efficiency of biodiesel combustion. ANSYS Workbench 16 was used to analysis the 

compression ratios' impact on the combustion properties of biodiesel fuel. Below are the simulation 

findings for the combustion properties of biodiesel fuels under different compression ratios.  

3.1. Pressure 

Figure 7 illustrates the correlation between the volume-average pressure estimated within the 

combustion engine and the degree of crank angle under various compression ratios and different 

biodiesel fuels. Figure 8 shows the peak volume-average pressure values in the cylinder at different 

compression ratios and different biodiesel fuels. As exhibited in Figures 7 and 8, under the same 

biodiesel fuel type, with a rising compression ratio, the engine peak pressure rose as proven by [31]. 

This is due to the fact that the peak cylinder pressure increased due to the alteration in the volume of 

the burning chamber related to the variable compression ratio. In addition, with biodiesel created from 

apricot oil, the peak pressure increased from 6.36 MPa to 6.8 MPa, 7.11 MPa, and 7.30 MPa with 

compression ratios of 15.5, 16.5, 17.5, and 18.5, correspondingly. Moreover, with biodiesel generated 

from papaya oil, the value of maximum pressure was enhanced from 6.36 MPa to 6.80 MPa, 7.11 MPa, 

and 7.30 MPa with compression ratios of 15.5, 16.5, 17.5, and 18.5, correspondingly. Furthermore, 

with biodiesel fuel created from sunflower oil, the highest pressure value increased from 6.36 MPa to 
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6.80 MPa, 7.11 MPa, and 7.30 MPa for the corresponding compression ratios of 15.5, 16.5, 17.5,   

and 18.5. Moreover, with biodiesel derived from tomato seed oil, the value of the highest pressure was 

enhanced from 6.36 MPa to 6.81 MPa, 7.11 MPa, and 7.30 MPa with ratios of compression         

of 15.5, 16.5, 17.5, and 18.5, correspondingly. Compared to the different biodiesel fuels under various 

compression ratios, the maximum cylinder pressure was 7.3 MPa obtained by biodiesel derived from 

apricot oil at an 18.5 ratio compression while the minimum cylinder pressure was 6.36 MPa obtained 

by biodiesel fuel generated from apricot oil at a 15.5 compression ratio. 

  

Biodiesel derived from apricot oil   Biodiesel derived from papaya oil biodiesel 

  

Biodiesel derived from sunflower oil   Biodiesel derived from tomato seed oil  

Figure 7. The influence of compression ratios on volume-average pressure according to 

the crank angle under different biodiesel fuels. 
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Figure 8. The maximum volume-average pressure within the combustion chamber at 

various compression ratios and different biodiesel fuels. 

3.2. Temperature 

Figure 9 displays the correlation between the volume-average temperature estimated within the 

combustion engine and the degree of crank angle under various compression ratios and different 

biodiesel fuels. Figure 10 indicates the greatest values of volume-average temperature in the engine at 

different compression ratios and different biodiesel fuels. As shown in Figures 9 and 10, under the 

same biodiesel fuel type, as compression ratios increase, the maximum temperature within the 

combustion chamber rises across the stroke of expansion and combustion. In addition, with biodiesel 

created from apricot oil, the highest temperature increased from 978.98 K to 1002.17 K, 1007.32 K, 

and 1064.48 K with ratios of compression of 15.5, 16.5, 17.5, and 18.5, correspondingly. Moreover, 

with biodiesel generated from papaya oil, the value of maximum temperature was enhanced      

from 991.43 K to 997.164 K, 1001.88 K, and 1055.70 K with ratios of compression of 15.5, 16.5, 17.5, 

and 18.5, correspondingly. In addition, with biodiesel derived from sunflower oil, the peak temperature 

value was improved from 992.74 K to 1001.41 K, 1003.28 K, and 1047.62 K for the corresponding 

compression ratios of 15.5, 16.5, 17.5, and 18.5. Moreover, with biodiesel derived from tomato seed 

oil, the value of the highest temperature was enhanced from 964.07 K to 992.18 K, 994.69 K,      

and 1052.23 K for the compression percentages of 15.5, 16.5, 17.5, and 18.5, correspondingly. In 
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temperature was 1064.48 K obtained by biodiesel generated from apricot oil at an 18.5 compression 

ratio, while the minimum cylinder temperature was 964.069 K obtained by biodiesel created from 

tomato seed oil at a 15.5 compression ratio. Table 4 indicates the ignition start temperature  within the 

combustion engine and the degree of crank angle under various compression ratios and different 

biodiesel fuels. There are different factors that affect the ignition delay and ignition start temperature: 

air-fuel ratio, cetane number, engine speed, combustion chamber design, injection time and period, 

injection amount and pressure, engine temperature, and compression ratio. In this study, the 

examination was done under slightly different circumstances with the change in compression ratios. 
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As shown in Table 4, the ignition initiation temperature for different types of biodiesel under various 

compression ratios ranged between 789–832.4 K under a crank angle ranging between 365.25–370.8. 

  

Biodiesel derived from apricot oil    Biodiesel derived from papaya oil    

  

Biodiesel derived from sunflower oil    Biodiesel derived from tomato seed oil  

Figure 9. The influence of the compression ratios on volume-average temperature 

according to the crank angle under different biodiesel fuels. 

 

Figure 10. Highest volume-average temperature within the combustion chamber at various 

compression ratios and different biodiesel fuels. 
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Table 4. Ignition start temperatures within the combustion engine and the degree of crank 

angle under various compression ratios and different biodiesel fuels. 

Biodiesel type CR Ignition start temperature (K) Crank angle 

Tomato seed oil 

15.5 828.2 370.8 

16.5 801 369.5 

17.5 827.6 365.75 

18.5 821.4 368.75 

Sunflower oil 

15.5 800 368.75 

16.5 825.25 366.25 

17.5 829.16 369.25 

18.5 823.56 367.8 

Papaya oil 

15.5 798.13 369.75 

16.5 830 365.25 

17.5 832.4 369.25 

18.5 825.5 367.5 

Apricot oil 

15.5 829.33 369.75 

16.5 827.5 365.75 

17.5 789.47 369.75 

18.5 823.25 368.82 

3.3. Carbon dioxide (CO2) 

Figure 11 exhibits the correlation between the degree of crank angle and the volume-average CO2 

emissions calculated within the engine under various compression ratios and different biodiesel fuels. 

Figure 12 represents the engine's highest value of volume-average CO2 emission at different 

compression ratios and different biodiesel fuels. Figure 13 displays the CO2 mass fraction formation 

domains on the plane inside the combustion chamber. CO2 emissions are influenced by the process of 

combustion in the chamber of combustion and the oxygen concentration in the fuel. A higher 

concentration of CO2 indicates that the fuel has undergone almost full combustion in the engine. 

Moreover, CO2 emission is also influenced by the temperature inside the combustion chamber. 

Furthermore, an improved combustion process results in increased CO2 emissions. As shown in 

Figures 11, 12, and 13, under the same biodiesel fuel type, as the compression ratio expands, the 

greatest CO2 mass fraction value inside the combustion chamber rises, as found by [18]. In addition, 

with biodiesel derived from apricot oil, the CO2 mass fraction value increased from 0.030103095    

to 0.033584895, 0.03367682, and 0.038645156 for the compression percentages of 15.5, 16.5, 17.5, 

and 18.5, correspondingly. Moreover, with biodiesel generated from papaya oil, the value of maximum 

CO2 mass fraction increased from 0.029822665 to 0.032467801, 0.03503809, and 0.040167679    

for 16.5, 17.5, 15.5, and 18.5 compression ratios, respectively. In addition, with biodiesel created from 

sunflower oil, the peak CO2 mass fraction value increased from 0.031532518 to 0.032430077, 0.035482766, 

and 0.038256764 for the compression percentages of 15.5, 16.5, 17.5, and 18.5, correspondingly. 

Moreover, with biodiesel from tomato seed oil, the value of the highest CO2 mass fraction raised   

from 0.028922474 to 0.03256772, 0.032825675, and 0.038400801 with ratios of compression      

of 15.5, 16.5, 17.5, and 18.5, correspondingly. Compared to the different biodiesel fuels under various 

compression ratios, the maximum CO2 mass fraction value was 0.040167679 obtained by biodiesel from 
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papaya oil at a compression ratio of 18.5, while the minimum CO2 mass fraction value was 0.028922474 

obtained by biodiesel from tomato seed oil at a compression ratio of 15.5. 

  

Biodiesel derived from apricot oil  Biodiesel derived from papaya oil  

  
Biodiesel derived from sunflower oil  Biodiesel derived from tomato seed oil 

Figure 11. The influence of compression ratios on volume-average CO2 emission 

according to the crank angle under different biodiesel fuels. 

 

Figure 12. Highest volume-average CO2 concentration inside the combustion chamber at 

different percentages of compression and different biodiesel fuels. 
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Figure 13. The spatial distribution of CO2 emission rates. 

3.4. Emission of carbon monoxide (CO) 

Figure 14 presents the correlation between the volume-average CO emissions estimated within 

the engine and the degree of crank angle under various compression ratios and different biodiesel fuels. 

Figure 15 represents the engine's lowest value of volume-average CO emission at different 

compression ratios and different biodiesel fuels. Figure 16 displays the CO mass fraction formation 

domains on the plane inside the combustion chamber. CO emissions result from incomplete fuel 

combustion, influenced by factors such as the air-fuel percentage, oxygen deficiency, inadequate air 

entering to engine, mixture preparation, and insufficient combustion throughout the process of 

combustion. Moreover, engine characteristics such as fuel kind, ratio of equivalence, design of the 

cylinder, period and time of injection, speed of engine, and load influence CO emissions. As 

demonstrated in Figures 14, 15, and 16, under the same biodiesel fuel type, minimum CO emission 

values decreased with the increase of compression ratios, as found by [14]. Additionally, with biodiesel 

generated from apricot oil, the minimum levels of CO mass fraction in the combustion chamber 

declined from 2.32458E-10 to 2.08108E-10, 1.79319E-10, and 1.40973E-10 for compression ratios  

of 15.5, 16.5, 17.5, and 18.5, correspondingly. Moreover, with biodiesel created from papaya oil, the 

value of minimum CO mass fraction was enhanced from 2.21706E-10 to 1.97685E-10, 1.77581E-10, 

and 1.38693E-10 for the compression percentages of 15.5, 16.5, 17.5, and 18.5, correspondingly. In 
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addition, with biodiesel derived from sunflower oil, the minimum CO mass fraction value was 

improved from 2.2138E-10 to 2.02897E-10, 1.8197E-10, and 1.42989E-10 with ratios of compression 

of 15.5, 16.5, 17.5, and 18.5, correspondingly. Moreover, with biodiesel derived from tomato seed oil, 

the value of the lowest CO mass fraction was enhanced from 2.18899E-10 to 2.12595E-10,  

1.83351E-10, and 1.30127E-10 for the corresponding compression ratios of 15.5, 16.5, 17.5, and 18.5. 

As demonstrated in Figures 14 and 15, compared to the different biodiesel fuels under various 

compression ratios, the maximum value of the CO mass fraction at the engine outlet was 2.32458E-10 

obtained by biodiesel generated from apricot oil at a compression ratio of 15.5, while the minimum 

value of the CO mass fraction at the engine outlet was 1.30127E-10 obtained by biodiesel created from 

tomato seed oil at a compression ratio of 18.5. 

  
Biodiesel derived from apricot oil    Biodiesel derived from papaya oil    

  

Biodiesel derived from sunflower oil   Biodiesel derived from tomato seed oil  

Figure 14. The influence of compression ratios on volume-average CO emission according 

to the crank angle under different biodiesel fuels. 

 

Figure 15. Highest volume-average CO concentration inside the combustion chamber at 

different percentages of compression and different biodiesel fuels. 
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Figure 16. The spatial distribution of CO emission rates. 

3.5. Emission of nitric oxide 

Figure 17 displays the correlation between the calculated volume-average nitric oxide emissions 

inside the combustion chamber and the degree of crank angle under various compression ratios and 

different biodiesel fuels. Figure 18 demonstrates the peak volume-average nitric oxide emission (NO) 

from the engine at different compression ratios and different biodiesel fuels. Figure 19 displays the 

formation domains of NO mass fraction on the plane inside the combustion chamber. The amount of 

nitric oxide generated depends on the peak temperature inside the engine, retention duration, and 

oxygen content. Moreover, a lower combustion temperature reduces the NO percentage in the 

combustion chamber. As a result, a rise in nitric oxide emissions is significantly connected to engine 

temperature and oxygen concentrations. As demonstrated in Figures 7 and 8, for the same biodiesel 

fuel type, increasing compression ratios raises the peak NO mass fraction level inside the combustion 

chamber with a similar trend to [14,18]. In addition, with biodiesel from apricot oil, the NO mass 

fraction value increased from 0.000154334 to 0.000182226, 0.000187265, and 0.000244325 with 

ratios of compression of 15.5, 16.5, 17.5, and 18.5, correspondingly. Moreover, with biodiesel 

generated from papaya oil, the value of maximum NO mass fraction increased from 0.000149276    

to 0.0001607, 0.000170888, and 0.000257524 for compression percentages of 15.5, 16.5, 17.5,    

and 18.5, correspondingly. In addition, with biodiesel derived from sunflower oil, the peak NO mass 
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fraction value increased from 0.000142055 to 0.000149057, 0.000155162, and 0.000228919       

for 16.5, 17.5, 15.5, and 18.5 compression ratios, respectively. Moreover, with biodiesel from tomato seed 

oil, the value of the highest NO mass fraction raised from 0.000122216 to 0.000156628, 0.000180591, 

and 0.000241274 for compression ratios of 15.5, 16.5, 17.5, and 18.5, respectively. In regard to the 

different biodiesel fuels under various compression ratios, the maximum NO mass fraction value   

was 0.000257524 obtained by biodiesel from papaya oil at an 18.5 compression ratio, while the 

minimum NO mass fraction value was 0.000122216 obtained by biodiesel from tomato seed oil at    

a 15.5 compression ratio. 

  

Biodiesel from apricot oil    Biodiesel from papaya oil    

  

Biodiesel from sunflower oil   Biodiesel from tomato seed oil  

Figure 17. The influence of compression ratios on volume-average NO emission according 

to the crank angle under different biodiesel fuels. 
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Figure 18. The highest volume-average NO concentration inside the combustion chamber 

at various ratios of compression and different biodiesel fuels. 
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Figure 19. The spatial distribution of NO emission rates. 
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4. Conclusions 

The current work presents the influence of varying compression ratios (15.5, 16.5, 17.5, and 18.5) 

on the emissions percentages and the characteristics of combustion in a diesel engine with one cylinder 

using various types of biodiesel fuels derived from oil (apricot, papaya, sunflower, and tomato seed) 

as a replacement to diesel fuel. The combustion chamber model was examined employing the 

FLUENT program. The study outcomes led to the following conclusions: 

• Compression ratios increased under the same biodiesel fuel type. Moreover, compared to the 

different biodiesel fuels under various compression ratios, the maximum cylinder pressure was 7.3 

MPa obtained by biodiesel from apricot oil at an 18.5 compression ratio and the maximum cylinder 

temperature was 1064.48 K obtained by biodiesel from apricot oil at an 18.5 compression ratio.     

On the other hand, the minimum cylinder pressure was 6.36 MPa obtained by biodiesel generated from 

apricot oil at a 15.5 compression ratio and the minimum temperature inside the engine was 964.069 K 

obtained by biodiesel created from tomato seed oil at a 15.5 compression ratio. 

• According to numerical results, under the same biodiesel fuel type, with the increase of 

compression ratios, the highest CO2 and NO mass fraction values inside the combustion chamber were 

raised. Moreover, compared to the different biodiesel fuels under various compression ratios, the 

maximum NO mass fraction value was 0.000257524 obtained by biodiesel derived from papaya oil at 

an 18.5 compression ratio and the maximum CO2 mass fraction value was 0.040167679 obtained by 

biodiesel created from papaya oil at an 18.5 compression ratio. On the other hand, the minimum NO 

mass fraction value was 0.000122216 obtained by biodiesel from tomato seed oil at a 15.5 compression 

ratio and the minimum CO2 mass fraction value was 0.028922474 obtained by biodiesel from tomato 

seed oil at a 15.5 compression ratio. 

• According to numerical findings, as compression ratios increase, the minimum CO emission 

values decrease under the same biodiesel fuel type. Moreover, compared to the different biodiesel fuels 

under varying ratios of compression, the highest level of the CO mass fraction at the engine outlet  

was 2.32458E-10 obtained by biodiesel generated from apricot oil at a compression ratio of 15.5, while 

the minimum value of the CO mass fraction at the engine outlet was 1.30127E-10 obtained by biodiesel 

created from tomato seed oil at a compression ratio of 18.5. 

• This study explained that the apricot oil biodiesel engine had the highest combustion 

efficiency with high emissions at a compression ratio of 18:5. On the other hand, tomato seed oil 

biodiesel engines had low combustion performance and low emissions of NO and CO2 at a 

compression ratio of 15:5. In the current study, it can be concluded that apricot oil biodiesel may be a 

suitable alternative to diesel fuel operated at a CR of 18:1. 

5. Future work 

In future work, we will study the effects of biodiesel injection time, ignition delay, and piston 

shape on combustion efficiency, as well as the effects of nano materials in addition to biodiesel fuel 

on combustion performance. 
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