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Dept. of Mechanical Engineering, Marmara Üniversitesi, Turkey

Academic profile:   (https://www2.scopus.com/authid/detail.uri?authorId=36960359300) 

(https://orcid.org/0000-0002-0398-7635)   (https://scholar.google.co.id/citations?

hl=id&user=TpbilBEAAAAJ&view_op=list_works&sortby=pubdate) 

(https://www.researchgate.net/profile/Ilker-Yilmaz-3) 

(https://publons.com/researcher/1428204/ilker-turgut-ylmaz/)   (https://www.linkedin.com/in/ilker-turgut-

yilmaz-a1368066/)

Expertise: Renewable energy; Thermodynamics; Automobile engineering; Energy conversion;

Combustion analysis; Vehicle testing; Emission.

Assoc. Prof. Taib Iskandar Mohamad, Ph.D.
Dept. of Mechanical Engineering, Yanbu Industrial College, Saudi Arabia

Academic profile:   (https://www.scopus.com/authid/detail.uri?authorId=26654944000) 

 (https://orcid.org/0000-0003-2882-942X)   (https://scholar.google.co.id/citations?

hl=id&user=g59p1Q4AAAAJ&view_op=list_works&sortby=pubdate) 

(https://www.researchgate.net/profile/Taib-Mohamad) 

(https://publons.com/researcher/1262511/taib-iskandar-mohamad/)   (https://www.linkedin.com/in/taib-

iskandar-mohamad-79201726/)

Expertise: Natural gas engine; Internal combustion engines; Direct injection fuel; Fuels; Solar energy

engineering.

Prof. Wael I. A. Aly, Ph.D.
Dept. of Mechanical Engineering, Helwan University, Egypt

Academic profile:   (https://www.scopus.com/authid/detail.uri?authorId=8658419700) 

 (https://orcid.org/0000-0003-3424-1817)   (https://scholar.google.co.id/citations?

hl=id&user=qnPsgCMAAAAJ&view_op=list_works&sortby=pubdate) 

(https://www.researchgate.net/profile/Wael-Aly-2)   (https://publons.com/researcher/630925/wael-

aly/)   (https://www.linkedin.com/in/wael-aly-76630816/)

Expertise: Air Conditioning; CFD simulation; Energy engineering; Heat transfer; HVAC Engineering;

Refrigeration; Thermal engineering; Thermodynamics.

Prof. Eng. Dr. Noreffendy Tamaldin
Dept. of Automotive Engineering, Universiti Teknikal Malaysia Melaka, Malaysia

Academic profile:   (https://www.scopus.com/authid/detail.uri?authorId=55091039600) 

 (https://orcid.org/0000-0002-5411-4738)   (https://scholar.google.co.id/citations?

hl=id&user=ffa5jC4AAAAJ&view_op=list_works&sortby=pubdate) 

(https://www.researchgate.net/profile/Noreffendy-Tamaldin) 
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(https://publons.com/researcher/2504087/noreffendy-tamaldin/) 

(https://www.linkedin.com/in/noreffendy-tamaldin-932ab991/)

Expertise: Engine performance; Emission; Tribology; Engine instrumentation; HHO; Engine testing;

Vehicle safety.

Assoc. Prof. Dr. Ir. Berkah Fajar T. K.
Dept. of Mechanical Engineering, Universitas Diponegoro, Indonesia

Academic profile:   (https://www.scopus.com/authid/detail.uri?authorId=53063327400) 

 (https://orcid.org/0000-0002-2487-9844)   (https://scholar.google.co.id/citations?

hl=id&user=rMCqfzoAAAAJ&view_op=list_works&sortby=pubdate) 

(https://www.researchgate.net/profile/Berkah-Tamtomo)  (https://www.linkedin.com/in/berkah-fajar-

tamtomo-kiono-06a06036/)   (https://sinta.ristekbrin.go.id/authors/detail?id=6654580&view=overview)

Expertise: Fluid mechanics; Design engineering; Engineering thermodynamics; HVAC; Environment-

friendly refrigerants.

Prof. Dr. Willyanto Anggono, ST., M.Sc.
Dept. of Mechanical Engineering, Petra Christian University, Indonesia

Academic profile:   (https://www.scopus.com/authid/detail.uri?authorId=55561550300) 

 (https://orcid.org/0000-0003-4044-7264)   (https://scholar.google.co.id/citations?

hl=id&user=bko20fsAAAAJ&view_op=list_works&sortby=pubdate) 

(https://sinta.ristekbrin.go.id/authors/detail?id=257378&view=overview)

Expertise: Mechanical engineering; Automotive Engineering; Sustainable energy; Combustion,

Assoc. Prof. Dr. Eng. Nurkholis Hamidi, ST., M.Eng.
Dept. of Mechanical Engineering, Universitas Brawijaya, Indonesia

Academic profile:   (https://www.scopus.com/authid/detail.uri?authorId=55349935800) 

 (https://orcid.org/0000-0003-2910-2353)   (https://scholar.google.co.id/citations?

hl=id&user=odwcrtcAAAAJ)   (https://www.researchgate.net/profile/Nurkholis-Hamidi) 

(https://sinta.ristekbrin.go.id/authors/detail?id=5995736&view=overview)

Expertise: Energy; Biomass to fuel conversion; Carbon dioxide; Refrigeration; Biodiesel; Bioenergy.

Prof. Januar Parlaungan Siregar, Ph.D.
Faculty of Mechanical Engineering, Universitas Malaysia Pahang, Malaysia

Academic profile:   (https://www.scopus.com/authid/detail.uri?authorId=57189757307) 

 (https://orcid.org/0000-0002-8130-1168)   (https://scholar.google.co.id/citations?

hl=id&user=odwcrtcAAAAJ)   (https://www.researchgate.net/profile/Januar-Siregar) 
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(https://publons.com/researcher/1657924/januar-parlaungan-siregar/) 

(https://www.linkedin.com/in/januar-parlaungan-siregar-1364a0142/)

Expertise: Material characterization; Polymeric materials; Composites; Materials engineering; Corrosion;

Biodegradable polymers; Thermogravimetric analysis; Polymer composites; Fiber; Natural fibers; Tensile

test; Biocomposites.

Dr. Marcin Noga 
Institute of Automobiles and Internal Combustion Engines, Cracow University of

Technology, Poland

Academic profile:   (https://www.scopus.com/authid/detail.uri?authorId=56428801200) 

(https://orcid.org/0000-0002-3738-2220)   (https://scholar.google.co.id/citations?

hl=id&user=fvcXL1sAAAAJ)   (https://www.researchgate.net/profile/Marcin-Noga-2) 

(https://publons.com/researcher/1392135/marcin-noga/)   (https://www.linkedin.com/in/marcin-noga-

73605636/)

Expertise: Internal combustion engines;  Mechatronics;  Engine control;  Motor vehicles;  Hybrid

drive; Electric drive

Andrew Gryguc, Ph.D.
Dept. of Mechanical and Mechatronics Engineering, University of Waterloo, Canada

Academic profile:   (https://www.scopus.com/authid/detail.uri?authorId=57063354700) 

 (https://orcid.org/0000-0003-4138-4859)   (https://scholar.google.co.id/citations?

hl=id&user=snkeXKYAAAAJ&view_op=list_works&authuser=1&sortby=pubdate) 

(https://www.researchgate.net/profile/Andrew-Gryguc) 

(https://publons.com/researcher/3240533/andrew-gryguc/)   (https://www.linkedin.com/in/andrew-

grygu%C4%87-15305a50/)

Expertise: Mechanical engineering; Automotive engineering; Magnesium; Fatigue; Material modeling.

Assoc. Prof. Dr. Hasan Köten
Mechanical Engineering Department, Istanbul Medeniyet University, Turkey

Academic profile:   (https://www.scopus.com/authid/detail.uri?authorId=36157946800) 

 (https://scholar.google.co.id/citations?

hl=id&user=jz3S5CwAAAAJ&view_op=list_works&sortby=pubdate) 

(https://www.researchgate.net/profile/Assoc-Prof-Dr-Hasan-Koeten) 

(https://publons.com/researcher/1716575/hasan-koten/)   (https://www.linkedin.com/in/asst-prof-dr-

hasan-k%C3%B6ten-25885216/)

Expertise: Electronic Engineering; Aerospace Engineering; Automotive Engineering. 
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Biodiesel is one of the promising alternative fuels of the future that is environmentally friendly. 

Biodiesel can be produced from rapeseed, soybeans, coconut oil, jatropha and many others. It 

is important to analyze the effect of comparison between diesel fuel and biodiesel to study the 

effect of combustion and emissions of these fuels. In this research, the simulation of 

combustion and emission is done with Diesel RK. Three fuels are studied; diesel fuel, rapeseed 

methyl ester (RME) and soybean methyl ester (SME). The engine was simulated at 2000 rpm 

and the injection pressures were 944, 1191, 1297, 1420 and 1729 bar respectively. The results 

show that the specific fuel consumption (SFC), particulate matter (PM), and CO2 emissions of 

diesel fuel are relatively the same for different injection pressures. However, the SFC, PM and 

CO2 emissions for rapeseed methyl ester and soybean methyl ester decrease with increasing 

injection pressure. These results can prove that higher injection pressures in diesel engines can 

improve combustion and reduce emissions of biodiesel fuel as compared to diesel fuel. 

Keywords: Diesel RK; Emissions; Diesel fuel; Injection pressures; Rapeseed methyl ester; 

Soybean methyl ester. 

1. Introduction 

The demand for fossil fuels has been increasing 

for the past decades. However, the supply of fossil 

fuels is decreasing every year. This leads the 

researchers to find alternative fuels to replace 

fossil fuels. Biodiesel is one of the alternative fuels 

that can replace fossil fuels. The use of biodiesel 

has been researched for many decades and it has 

been proved that it can be used in diesel engine 

without some modifications. Biodiesel is 

produced through a trans-esterification process 

using alcohol and catalyst. Biodiesel can be 

produced from jatropha [1], rapeseed [2], carbera 

mangas [3], coconut oil [4] and many others 

including waste cooling oil [5], [6].  Biodiesel can 

be one of the alternative fuels that can reduce 

some emissions such as HC, SOx and some 

particulate matter (PM) [7]. However, the high 

viscosity and density of biodiesel can cause some 

difficulties in fuel atomization and injection. 

Moreover, the sauter mean diameter (SMD) in 

biodiesels is affected at high and low injection 

pressures. The SMD of biodiesel is higher than 

that of diesel fuel and is affected by evaporation in 

the chamber [8]. However, these problems can be 

minimized by blending with diesel fuel and using 

some additives in the fuels [9]–[11].  

The discussion of biodiesel production has 

been going on for almost 50 years [12]. Ramadas, 

et al. [13] investigated that the fuel properties in 

biodiesels can affect the combustion in the diesel 

engines. Bhikuning, et al. [14] studied that 

viscosity, density and surface tension in biodiesel 

can have effects on spray penetration, spray angle 

and sauter mean diameter in a constant volume 

chamber. Shroder, et al. [15] analyzed the 

emissions of soybean methyl ester compared to 

diesel fuel. The NOx emissions from soybean are 

higher than diesel fuel. However, CO2 emission 

can be reduced due to oxygen content in biodiesel. 

Al_Dawody and Bhatti [16] investigated the 

combustion and emissions of soybean methyl 
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ester (SME) experimentally and computationally 

with diesel RK. The results show that SME can 

reduce smoke opacity up to 48.23% and has higher 

brake specific fuel consumption (BSFC) than 

diesel fuel. The simulation results show good 

agreement between with two fuels. Qi, et al. [17] 

investigated the atomization and combustion of 

SME and rapeseed methyl ester (RME). The 

results show that the liquid length and droplet 

size are higher for biodiesel than diesel fuel. This 

happened due to the surface tension and lack of 

evaporation due to lower vapor pressure. This can 

be influenced to slow down the evaporation rate 

in the atomization process.  Aldhaidhaw, et al. [18] 

investigated the effect of a 20% blend of rapeseed 

methyl ester (B20) and diesel fuel. The results 

show that the brake specific fuel consumption of 

B20 was higher than that of diesel fuel. However, 

carbon monoxide and smoke emissions were 

lower than diesel fuel. Nevertheless, the NOx 

emissions were higher than diesel fuel.  

In this study, the combustion and emissions of 

biodiesel fuels are investigated by using Diesel RK 

simulation. The biodiesel fuels are produced from 

pure rapeseed methyl ester (RME) and soybean 

methyl ester (SME). The objective of this study is 

to understand the specific fuel consumption 

(SFC), sauter mean diameter (SMD) and brake 

mean effective pressure (BMEP) as well as some 

emissions of RME and SME in Diesel RK 

simulation and compare with diesel fuel (DF). 

 

2. Materials and Methods 

2.1. Diesel RK software model 

Diesel RK is a simulation software for the 

analysis of the thermodynamic full cycle engine. 

The advantage of using diesel RK is that it can 

calculate thermodynamic diesels running on 

diesel fuel, methanol, and biodiesel. In addition, it 

can analyze thermodynamics in SI engines, 

including pre-chamber fueled with natural gas, 

pipeline gas, wood gas, etc [19]. The RK model is 

capable of analyzing the piston shape and fuel 

injection system. Moreover, it can develop 

common rail control together with EGR (Exhaust 

Gas Recirculation) in the system [20]. 

2.2. Simulation method 

In order to simulate the diesel RK, general 

parameters must be input for engine specification. 

Figure 1 shows the diesel RK proceeds, first, a new 

project must be created by entering the engine 

specification. Then, the project has to be saved. 

After that, the operating regimes must be saved, 

in this section, setting the RPM in the engine, 

setting the ambient temperature condition, etc. 

Then, check the correctness of the nozzle 

configuration and the shape of the combustion 

chamber. The combustion chamber must be set 

and the actual piston bowl configuration entered 

for the engine under study. After that, the 

correctness of the injection characteristics must be 

checked. Figure 2 shows the spray visualization at 

2000 rpm and an injection pressure (Pinj) of 944 bar. 

Then, calculate the simulation and analyze the 

parameters. 

 

 
Figure 1. Diesel RK simulation 

 

Nozzle
Spray

Combustion chamber
 

Figure 2. Spray visualization in diesel engine at 2000 rpm and Pinj of 944 bar 
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2.3. Material 

Four fuels were tested in this study; diesel fuel 

(DF), 100% rapeseed methyl ester (RME) and 

100% soybean methyl ester (SME). The fuel 

properties can be seen in Table 1. Density, 

viscosity, cetane number and surface tension of 

SME and RME are higher than those of diesel fuel. 

However, diesel fuel has a higher LHV than SME 

and RME. Oxygen content in diesel fuel is not 

present, however, RME and SME have some 

oxygen content which would be beneficial for 

biodiesel to reduce emissions. 

2.4. Engine specification 

In this study, the simulations were performed 

using the engine specification in Table 2. The 

engine was running at 2000 rpm and the injection 

pressures (Pinj) were simulated at 944, 1191, 1297, 

1420 and 1729 bar and the injection nozzle bore 

was 0.123 mm. 

 

3. Result and Discussion 

3.1. Sauter Mean Diameter (SMD) 

The Sauter Mean Diameter (SMD) is defined as 

the diameter of a sphere having the same volume 

and surface area ratio of small particles [21]. The 

SMD can be specified for spray atomization 

characteristics in the chamber. As can be seen in 

Figure 3 that the SMD for DF, RME and SME 

decreased with increasing injection pressure. 

These results are in agreement with those of Qi et 

al. [17] and Mahanggi et al. [22]. For comparison, 

at 944 bar, the SMD of RME and SME are 10,922 

and 11.78 microns, respectively. At 1191 bar, the 

SMD of RME and SME decrease to 10.833 and 

10.922 microns, respectively. And at 1729 bar, the 

SMD of RME and SME decreased to 9.6428 and 

9.7214 microns. A small size of SMD in fuel can 

make evaporation in the combustion chamber 

easier than a large size. This is because a small size 

of SMD can vaporize more easily than a large size 

[14]. Higher SMD for RME and SME than DF due 

to higher viscosity, surface tension and density in 

biodiesel than DF. Higher viscosity may make it 

difficult to atomize the fuel. Therefore, spray 

atomization can be improved by in high injection 

pressures due to the small size of the fuels. 

 
Figure 3. Sauter mean diameter (SMD) from all fuels

 
Table 1. Fuel properties from all fuels [20], [23] 

Properties Units Diesel Fuel (DF) 
Soybean Methyl 

Ester (SME) 

Rapeseed Methyl 

Ester (RME) 

LHV  MJ/kg 42.5 36.22 39.45 

Density (323 K) kg/cm3 830 885 874 

Viscosity (323 K) PaS 0.00463 0.00692 0.00692 

Cetane Number - 48 51.3 54.4 

 Surface Tension (323 K) N/m 0.028 0.0433 0.0315 

Carbon Content % 0.87 0.7731 0.77 

Oxygen Content % 0 0.1081 0.109 

Hydrogen Content % 0.126 0.1188 0.121 

 
Table 2. Engine specification [7] 

Type Supercharged direct-injection single cylinder, 4 stroke 

Bore x Stroke  [mm] 85 x 96.9 

Displacement [cm3] 550 

Compression ratio  16.3 

Fuel injection system  Common rail 

Number of holes  7 

Injection nozzle hole [mm] 0.123 

Injection pressure [bar] 944, 1191, 1297, 1420, 1729 

Engine speed [rpm] 2000 
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3.2. Engine performance 

3.2.1. Specific fuel consumption 

The specific fuel consumption (SFC) of all fuels 

can be seen in Figure 4. It can be shown that the 

specific fuel consumption for diesel fuel in does 

not show too many differences at injection 

pressures. These results are in agreement with 

those of Bakar et al. [24].  This is due to the fact 

that the density and viscosity of diesel fuel is 

lower than that of biodiesel fuel.  However, the 

specific fuel consumption for DF may decrease to 

0.23% when the injection pressure ranges from 

1420 bar to 1729 bar.  This is because the higher 

Injection pressures can make the particles of the 

fuel smaller and facilitate evaporation. Moreover, 

the specific fuel consumption for RME and SME 

decreased with increasing injection pressure. 

These results are consistent with those of other 

studies from Mahanggi e al. [22] and Kim et al. 

[25]. At low injection pressure (944 bar), the 

specific fuel consumption of SME and RME are 

higher than DF. This is due to the fact that 

viscosity and density of SME and RME are higher 

than those of DF. Higher viscosity and density can 

cause the particles of the fuels to be larger and 

difficult to evaporate. This can cause the engine to 

have low power and higher specific fuel 

consumption.  At an injection pressure of 1729 bar, 

the specific fuel consumption for RME and SME 

decreased by up to 8.03% and 5.78%, respectively, 

compared to an injection pressure of 944 bar. This 

is due to the fact that as the injection pressure 

increases, the particles of the fuels are smaller and 

can cause better the combustion due to good 

atomization in the engine. 

 
Figure 4. Specific fuel consumption from all fuels 

 

3.2.2. Brake Mean Effective Pressure 

Figure 5 shows the brake mean effective 

pressure (BMEP) of all fuels. It can be seen that the 

BMEP of DF remained constant with increasing 

injection pressures. Nevertheless, the BMEP for 

RME and SME increased with increasing injection 

pressure. These results are in agreement with 

those of Kim et al. [25] and Bakar et al. [24]. This 

happened because by increasing the injection 

pressures, the diameter of the fuels (SMD) 

becomes smaller, this can improve the fuel -air 

mixing in the combustion chamber [17] and the 

fuels can be burnt more easily.  Compared with 

the injection pressure of 1729 bar, the BMEP of 

RME and SME was increased up to 7.67% and 

5.42% from the injection pressure of 944 bar, 

respectively. The increase in BMEP value at high 

injection pressure is due to the improved 

combustion as the SMD of RME and SME can be 

easily vaporized.   

 
Figure 5. Brake mean effective pressure from all fuels  

 

3.3. Emissions 

3.3.1. CO2 

The CO2 emissions of all fuels can be shown in 

Figure 6. Diesel fuel has the lowest CO2 emission 

than RME and SME. However, in this study, RME 

and SME are 100% biodiesel without blending 

with DF. Therefore, the values of CO2 emissions of 

pure RME and SME are still high compared to DF. 

In addition, CO2 emission are not legally required 

emissions, but are usually counted in regular 

engine emissions tests to understand the fuel 

consumption in the engine [26]. 

As can be seen in Figure 6, the value of CO2 

emission remained constant for diesel fuel, which 

shows that higher injection pressures have no 

effect for DF. On the other hand, for RME and 

SME, the value of CO2 decreased with increasing 

injection pressure. These results are in agreement 

with other studies by Kim et al. [25], Canakci et al. 
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[27], and Yoon e al. [28]. The value of CO2 

emissions of RME decreases up to 8,03% from 

injection pressure 944 bar to 1729 bar. Moreover, 

the CO2 emissions of SME are reduced by up to 

5.78% from injection pressure 944 bar to 1729 bar.  

The reduction in CO2 emissions is due to the 

oxygen content in RME and SME. The oxygen 

content in biodiesel can cause complete 

combustion, which can prolong the mixing in the 

combustion chamber [29]–[31]. 

 
Figure 6. CO2 emissions from all fuels 

 

3.3.2. Particulate Matter (PM) 

Particulate emissions in this study can be seen 

in Figure 7. As the injection pressure increased, the 

PM emissions decreased. This study is in 

agreement with Yoon et al. [28] and Kim et al. [25]. 

The SMD and viscosity of RME and SME are 

larger than those of diesel fuel. However, as the 

injection pressure increases, the diameter of the 

fuels of RME and SME becomes smaller. This 

phenomenon is due to the fact that when the 

diameter of the fuels is smaller, the atomization is 

improved, and the fuels vaporize more easily, 

leading to faster combustion, which decreases the 

PM emissions. The faster vaporization rate may 

cause a lower ignition temperature as the thermal  

 
Figure 7. Particulate matter in all fuels 

energy is converted to latent heat for phase change 

during vaporization [32]. PM emissions for RME 

at an injection pressure of 1729 bar can be down 

up to 30.45% than at injection pressure of 944 bar. 

In addition, PM emissions of SME at an injection 

pressure of 1729 bar can decrease to 32.9% 

compared to the injection pressure of 944 bar. 

 

4. Conclusion 

In this study, the simulation between DF, RME 

and SME was investigated by using Diesel RK. 

The result shows that as the injection pressure 

increases, the spray atomization can be improved. 

This happened because at higher injection, the fuel 

droplet diameter decreased. Therefore, the small 

fuel droplets can evaporate easily, resulting in 

faster combustion during combustion process. 

Pure biodiesel without blending RME and SME 

has good results in engine performance and 

emissions when injection pressures are increased. 

Therefore, it is recommended to run biodiesel fuel 

at higher injection pressure to improve 

atomization and combustion when operating in 

diesel engines. 
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