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A B S T R A C T 

The present study examines numerically the combustion, performance, and emissions parameters of diesel 

engines powered by different grades of diesel. The Diesel-RK software version 4.3.0.189 is used to simulate 

the combustion process with a multi-zone model.  The Iraqi diesel, EN 590, Heavy diesel, and light diesel 

are considered. Their energy content, sulfur, cetane number, and other additives are different, hence it's 

logical to observe different results. The condition of full load point is selected since the air-to-fuel ratio is 

minimum, hence a better comparison among the fuels is captured. The diesel EN 590 reported a lower 

ignition delay ( 9.1 deg.) due to the lower cetane number, while it is  10.8, deg. 17.4 deg., and 14.1 deg. for 

Iraqi diesel, heavy diesel, and light diesel respectively. Compared to other fuels considered the light diesel 

offered lower fuel consumption and higher thermal efficiency. The results showed less CO2 emissions in the 

case of light diesel (778.3 kg/kWh), compared to heavy diesel which had an obvious rise in CO2 emissions 

(817.08 kg/kWh). The difference in the density chemical structure, the results showed that Bosh smoke 

number (BSN) values of Iraqi, and EN 590 diesel were almost the same at 1.39, and 1.385 respectively, 

while the BSN of light diesel was slightly higher at 1.44 compared to 1.8 for heavy diesel. The higher NOx 

levels of about 2400 and 2225 ppm, respectively, were produced by Iraqi and EN 590 diesel. But out of all 

the fuels, heavy diesel had the lowest NOx rating, at 1000 ppm.The accuracy of the software used is 

validated with the results of other studies. 

© 2024 University of Al-Qadisiyah. All rights reserved.    

1. Introduction

      The demand for zero emissions and highly efficient performance in 

diesel-engines are the focus of many research works worldwide these days. 

Diesel or compression engines, recognized for both endurance and good 

efficiency, are commonly employed in transportation (trains), industrial 

applications (heavy-duty machines), and power generation (generators and 

turbines)[1]. Nevertheless, diesel engines represent a major contributor to 

global warming and air pollution owing to the exhaust releases such as 

nitrogen oxides (NOx), hydrocarbons (HC), and carbon monoxide (CO)[2, 

3]. The components of diesel fuel are (naphthene, olefins, alkanes, and 

aromatics) which can be represented by the carbon formula C9–C27 [4]. In 

addition, the quality and the type of diesel depend on the density, sulfur, 

viscosity, distillation curve, and cetane index [4] [5]. Diesel fuel in  

European countries are usually known as EN 590 fuel which fits their tough 

standards and specifications of fuel depending on the viscosity, density, 

distillation properties, sulfur content, and cetane number.  
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The reason behind applying these high specifications of fuel is to make sure 

to obtain a high-quality fuel that is compatible with advanced diesel 

engines, as well as improve the efficiency of combustion and minimize 

exhaust emissions [6] [7]. Konjević et al [8] evaluated the properties of 

blending diesel fuel with alcohol based on the EN590 standards. It was 

found that mixing a percentage (5% or 10% volume) of alcohol with diesel 

fuel enhances the density, distillation, and viscosity. Therefore, the blends 

reached the requirements of EN590 as no negative influence on the 

performance and emission of the engine was observed. The light diesel fuel 

can be characterized by low viscosity and density compared to heavy diesel. 

The features of using light diesel in compression engines are to improve the 

performance of the engine and decrease the emissions by ensuring that 

complete fuel combustion and good atomization are achieved. Kar et al 

[9]examined the use of light diesel (obtained from heavy oil) in the 

distribution of HC in a low-cost catalyst. The findings showed a strong 

impact on the HC distribution due to the light diesel and low-cost catalyst. 

The consistency of characteristics properties such as density, viscosity, and 

HC distribution of light diesel was shown to be good compared to other 

diesel fuels. Thus, using a low-cost catalyst was successful in obtaining 

light diesel from heavy oil. Mahfouz et al.[10] blended light diesel with 

waste cooking oil at various equivalence ratios using an oil burner.  The 

results showed that using (20% on a mass basis) of both light diesel/cooking 

oil led to obtaining a high performance and low emissions compared to light 

diesel only. Gad et al.[11] studied the influences of blending light diesel 

with fuel additives at four ratios on the combustion characteristics and spray 

of a boiler of output power 500kW. The outcomes of the study showed that 

adding the additives to the light diesel decreases the emissions of CO as 

shown also in[12], and the local cone angle by 87.5% and 2.7% 

respectively. However, the additives to light diesel revealed an increase in 

the temperature of the exhaust and the efficiency of the combustor by 

(14.45%) and (80%) respectively.   Expenditure and high demand for diesel 

fuel in developing countries lead to unpredictable rises in fuel prices. Heavy 

diesel fuel is cheaper than light diesel fuel, therefore, people around the 

world are taking into consideration switching from light to heavy diesel to 

reduce the pollution and expenditures of fuel[13].  A number of 

experiments and research have been conducted to use alternative fuels or to 

enhance the combustion characteristics of diesel such as using biodiesel 

fuel [14-16], or using a duel fuel system by adding LPG[17] [18] [19] [20]or 

Hydrogen[21] to fuel. Strict standards are being set globally to protect the 

environment by reducing the limits or controlling emissions ( 0.5 % 

sulfur[22], NOx, and other pollutants[23]). The majority of heavy diesel 

fuel is being used in ships and submarine engines which highly contribute 

to air pollution due to emissions.  

Researchers have been seeking alternative engines and fuels to reduce 

emissions. For instance, Van Hoecke et al.[24] employed hydrogen as a fuel 

in marine ships. For another example, Mentese and Selcuk [25] conducted 

a study in Turky to examine the emissions obtained from various pollutants 

(cars, ships, industries) for 4 years. The results showed that the emissions 

of NOx and sulfur enlarged with the growth of the number of cars, trucks, 

and ships. Thus, the quality of the air is decreased due to the growth of the 

pollution produced by diesel engines. Iraq is one of the countries that uses 

heavy diesel fuel in small ships, agriculture pumps, heavy trucks, and 

electric generators[26]. Despite the increased effects of using heavy diesel 

on the environment (contains high sulfur of 3 % and 2.5 % in heavy and 

light diesel respectively), people still prefer this kind of fuel due to 

affordability[27]. Abollé et al.[28] performed an experimental study to 

examine the effects of mixing (mass basis) diesel fuel with vegetable oils 

on the viscosity of the diesel fuel. It was found that the viscosity was greatly 

affected due to the mixing of vegetable oils. Tareq and Saleh[29] conducted 

a study to examine the performance and emissions of diesel engines by 

blending light and heavy diesel with the following percentage (80% LD and 

20% HD). In order to reduce the density and viscosity of the blends, a 

preheating process was applied to the blends before injecting the fuel into 

the engine. The outcomes of the study found that the (BTE) Brake Thermal 

Efficiency for heavy and blends fuel is lower than for light diesel. While 

the (BSFC) Brake Specific Fuel Consumption increased compared to the 

light diesel fuel. In addition, it was noticed an increase in the (UHC) 

unburned hydrocarbon, NOx emissions, and CO concentrations for the 

heavy diesel fuel compared to the light diesel. The preheating process 

affected in reducing the viscosity and density of the blends and enhances 

the combustion spray of the fuel and engine performance. This study aims 

to examine how the characteristics of performance, combustion, and 

exhaust emissions of naturally aspirated single-cylinder diesel engines are 

impacted by using various grades of diesel (EN590, light, heavy, and Iraqi 

diesel). The investigation is conducted with the use of simulation software 

Diesel-RK.  

2. Method 

The properties of the heavy, light, EN 590, and Iraqi diesel are presented in 

Table 1. The carbon and hydrogen contents, viscosity, heating value, and 

molecular weight in diesel fuels are almost similar in all fuel types. The 

Iraqi diesel contains 0.4 % oxygen; however, other diesel contains no 

oxygen in their texture. EN 590 fuel has a tiny amount of Sulphur and the 

highest cetane number compared to zero amount and almost the same 

cetane number among the other fuels. 

Nomenclature: 
 

 

NOx nitrogen oxides BSN Bosh smoke number 

HC hydrocarbons EFM The speed of transformation of an elementary fuel mass 
CO carbon monoxide V0 the EFM initial speed at the nozzle-injector 

CO2 carbon dioxide V the EFM instantaneous speed 

BTE Brake Thermal Efficiency l the distance between the nozzle-injector and the EFM 
LD light diesel lm the length of penetration of (EFM) measured to the end front 

of a spray 

HD heavy diesel PM Particulate Matter  
UHC unburned hydrocarbon SE air pollutant emission 

BSFC Brake-Specific Fuel Consumption Greek symbols 

LPG   the proportion of equivalence 

EN590 Diesel fuel in European countries 
Ø 

a function that expresses the completion of the combustion 
of fuel vapor in zones 

https://www.sciencedirect.com/topics/engineering/brake-specific-fuel-consumption
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Table 1:  Properties of Diesel fuels used in this study [3, 6, 30] 

 

Property 
Iraqi 

diesel 

Diesel 

EN590 

Heavy 

diesel 
Light Diesel 

Carbon % 87.0 86.2 87.0 86.5 

Hydrogen % 12.6 13.7 13.0 13.4 

Oxygen% 00.4 00.0 00.0 00.0 

Sulpher % 00.0 0.03 00.0 00.0 

Density 

(kg/m3) 
830 810 981 838.3 

Viscosity 

(Pa.s) 
0.003 0.003 0.003 0.003 

Cetane 

number 
48.0 53.3 46.0 48.0 

Heating value 

(MJ) 
42.5 43.1 40.6 42.86 

Molecular 

weight 
190.0 182.0 190.0 190.0 

 

2.1 Numerical analysis  

A diesel-RK solver version 4.3.0.189 was hired to solve the governing 

equations and a model of multizone combustion was employed and 

formulated in this work [31, 32]. 

 

2.1.1 Conservation equations 

As shown in Eq. 1, the total mass flow across an open system is conserved. 

dm

dt
=∑ᵢ mᵢ                                                                                                 (1)   

where mi denotes the mass flow rate of each species                                                               

The analytical equation for species conservation is shown in Eq. (2): 

   Yᵢ = ∑ᵢ 
mᵢ

m
                                                                      (2) 

  

Where Yi represents the mass fraction of each species.                                                                  

Open thermodynamic systems can be expressed by the subsequent standard 

energy formula: 

 

  
d(mu)

dt
=  −p 

dv

dt
+

dQht

dt
+ ∑ᵢ mᵢhᵢ                                                              (3)  

 

Equation (3) indicates the energy change rate on the left side, while the 

entropy flux, heat transfer rate, and displacement work rate are shown on 

the right side. 

  

2.1.2 Model of Spray Assessment  

The speed of transformation of an elementary fuel mass, (EFM), between 

injectors during a small time_step and then directed to the spray-tip. The 

EFM can be represented by Equation (4) and shown in Fig. 1. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Schematic representation of the fuel-spray [33]. 

 

[
𝑉

𝑉𝑜
]

3/2

= 1 −
1

𝑙𝑚
 1                                                                                   (4) 

Where: V– the EFM instantaneous speed, V°- the EFM initial speed at the 

nozzle-injector, l- the current_distance between the nozzle-injector and the 

EFM, lm– the length of penetration of (EFM) measured to the end of a 

spray. The Eq. 4 is partially solved as:  

 

3𝑙𝑚 [1 − [1 −
𝑙

𝑙𝑚
]

0.333

] − 𝑉𝑜𝜏𝑘 = 0                                                             (5) 

Where:(𝜏𝑘) travel time for the (EFM) to amount to the length (𝑙 )from the 

nozzle-injector when the (EFM) is stopped at a spray-tip, then  𝑙 = 𝑙𝑚 and 

𝜏𝑘 = 𝜏𝑚. Where (𝜏𝑚) is the travel time for the (EFM) to amount to the 

spray’s front before ending. Eq. 5 can be rewriter as: 

 

lm = Vo  
τm

3
                                                                                                                              (6) 

 By employing Eqs. 4 to 6 the present speed and the (EFM) length can be 

achieved as: 

 

𝑉 = 𝑉𝑜 [1 −
𝜏𝑘

𝜏𝑚
]

2

                                                                                              (7) 

𝑙 = 𝑙𝑚 [1 − [1 −
𝜏𝑘

𝜏𝑚
]

3

]                                                                              (8) 

Several dimensionless parameters are introduced to calculate the geometry 

of the spray which account for the design parameters of the injector and 

physical properties of the fuel, namely Weber number; square ohenzorge 

number. In modeling the fuel spray behavior, it is assumed that its evolution 

occurs in two phases, namely initial (a) and main (b). The boundary 

between these two phases is denoted by lg, and the period of time for the 

jet to reach this boundary by tg. Further details can be found in Mahkamov 

K. et al[34].    
 

2.1.3 Model of Heat Release  

The following two assumptions are made to calculate the heat release rate 

in the cycle [35]: 

1. The speed of the fuel evaporation in each zone is equal to the sum of the 

speeds of evaporation of the separate fuel droplets. 

2. The ratio of evaporation constant to initial droplet diameter is constant 

during the whole process of the fuel injection. 

The process of combustion can be split into four stages, in which each stage 

has particular chemical and physical characteristics restricting the burning 

rate-speed. Stages are described below [36]: 
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1. The period of the ignition delay stage is obtained by: 

𝜏 = √
𝑇

𝑃
 ∗ 𝑒

(
𝐸𝑎

8,312𝑇
−

70

𝐶𝑁+25
)

∗  3.8 ∗ 10−6 ∗ (𝑛 ∗ 1 − 1.6 ∗ 10−4)                (9) 

2. Stage of Premixed-combustion, where the combustion-process of the 

blend of air and the fuel-vapor occurred by the combustion: 

𝑑𝑥

𝑑𝑡
= 𝜑1 (

𝑑𝜎𝑢

𝑑𝜏
) +  𝜑𝑜 ∗ [(𝜎𝑢𝑑 − 𝑥𝑜)(0.1𝜎𝑢𝑑 + 𝑥𝑜)𝐴𝑜 (

𝑚𝑓

𝑉𝑖
)]                  (10) 

 

3. Stage of diffusive-combustion where the blended fuel is injected and 

directly combusted: 

𝑑𝑥

𝑑𝜏
= 𝜑2 ((𝜎𝑢 − 𝑥)(∅ − 𝑥) ∗ 𝐴2 (

𝑚𝑓

𝑉𝑐
)) +   𝜑1(

𝑑𝜎𝑢

𝑑𝜏
)                             (11) 

4. Late burning stage (the fuel burning after the completed injection): 

𝑑𝑥

𝑑𝜏
= (1 − 𝑥)(𝜀𝑏∅ − 𝑥) ∗ 𝜑3𝐾𝑇 𝐴3                                                          (12) 

𝜑3 = 𝜑2 = 𝜑1 = 𝜑𝑜  Representing a function that expresses the 

completion of the combustion of fuel vapor in zones: 

𝜙 = 1 − (𝐴1/𝜀𝑏∅ − 𝑥)
𝑑𝑥

𝑑𝑡
  {𝑟𝑣 + ∑ [𝑟𝑤𝑖 ∗ 300 ∗ 𝑒

(
−16000

2500+𝑟𝑤𝑖
)
]

𝑚𝑤

𝑖=1

}    (13) 

Where : ( 𝜀𝑏 ) represents the efficiency of using air, (𝑟𝑣)  describes the 

proportion of relative-evaporation in the environment-zones and front, (𝜙) 

describes the proportion of equivalence, (𝑟𝑤𝑖) describes the proportion of 

the related-evaporation during different zones inside wall-surface flow. 

2.1.4 Model of NOx formation  

Normally, the emissions of NOx consist of a mixture of both NO and NO2. 

The current work hired the mechanism of (Zel'Dovich) within the solver of 

the Diesel-RK program to evaluate the emissions of Nox [37]: 

𝑂2 ↔ 2𝑂                                                                                                             (14) 

𝑂 + 𝑁2 ↔ 𝑁𝑂 + 𝑁                                                                                        (15) 

𝑂2 + 𝑁 ↔ 𝑁𝑂 + 𝑂                                                                                       (16) 

The concentration of atomic-oxygen influences the reaction-rate as shown 

in Eq. 16. The concentration volume of NO is calculated using the 

equation: 

𝑑[𝑁𝑂]

𝑑𝜃
=

𝑒
−38020

𝑇𝑧⁄ [𝑁2]𝑒[𝑂]𝑒(1−(
[𝑁𝑂]

[𝑁𝑂]𝑒
)

2
)∗2.33∗107𝑃

𝑅𝑇𝑧[1+(2365
𝑇𝑧

⁄ )𝑒
3365

𝑇𝑧⁄ [𝑁𝑂]
[𝑂2]𝑒

⁄ ]
[

1

𝑟𝑝𝑠
]                                    (17)  

2.1.5 Modelling of Soot concentration  

The definition of soot is a tiny black (carbon particle) in the vapor carrier 

existence, that is produced due to the incomplete combustion-process of 

hydrocarbon. Modeling of soot can be found in detail in the literature [38]. 

The concentration of soot in the exhaust relative to the normal operating 

conditions is described as: 

[𝐶] = ∫
𝑑[𝐶]

𝑑𝜏

480

𝜃𝐵

𝑑𝜃

6𝑛
[

0.1

𝑃
]

𝛾

                                                                                 (18) 

Hartidge smoke level was determined using the equation (19): 

Hartidge = 100 ∗ [1 − 𝑒(−24226[𝐶]) ∗ 0.9545]                                       (19) 

Equation (20) was employed to calculate the Particulate Matter [PM] as a 

function of [BSN]: 

[𝑃𝑀] = 565 ∗ [ln
10

10−𝐵𝑜𝑠𝑐ℎ
]

1.206

                                                                 (20) 

The combination of pollutants [PM] and [Nox] that describes the air 

pollutant emission [SE] [39]: 

 

𝑆𝐸 = 𝐶𝑃𝑀 [
𝑃𝑀

0.15
] + 𝐶𝑁𝑂 [

𝑁𝑂𝑥

7
]                                                                         (21) 

2.1.6 Software Validation 

The accuracy of the solver (Diesel-RK) is validated by comparing the 

obtained results with the work performed by A.J. Reiter[40]. Table.2 shows 

the operating conditions and engine features used in the validation part. The 

curve of pressure evolution during per crank angle is seen in Fig. 2. The 

used engine with turbocharged is turned to the mode of dual-fuel working 

on (60%) diesel and (40%) ammonia based on energy. The current work 

reveals the same tendency with an inconsiderable deviation of about (5%) 

compared to the literature [40]. The value of ultimate pressure is (7.8393 

Mpa) happens at (6 deg.) ATDC meanwhile the current study showed a 

pressure of (7.466 Mpa) at (5 deg.) ATDC.  

 The CO2 volumetric concentration and how it is influenced by the 

replacement of NH3 in diesel is illustrated in Fig. 3; in which both curves 

reveal similar behavior with insignificant variance. In terms of using mono-

fuel of 100% diesel, the concentration of CO2 is shown (2.083%) deviation 

compared to the results by A.J. Reiter [40]. While using a mixture fuel of 

(60% diesel) and (40% NH3) in the mode of dual-fuel the deviation in the 

results is shown (6%). Thus, from the comparison above it can be 

considered that the solver is a reliable and functional tool for solving the 

process of combustion in compression engines. 

 

Table 2. Features of the engine employed for the validation 

process [40] 

Technical details          Information  

Engine type In-line, 4-stroke 

Engine model 4045TT068 

Compression ratio 17:1 

Bore and stroke 106 x 127 (mm) 

Injection system Standyne DB4 rotary pump 

Aspiration Turbocharged 

Fuel NH4OH+Diesel 

Engine speed 1000 rpm 

Peak power @2100 rpm 66 kW 

Peak torque @1300 rpm 387 N.m 
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Figure 2. Validation and comparison of cylinder pressure profiles 

 

Figure 3. Validation and comparison of (CO2) concentration per (% diesel 

energy). 

 

Figure 4. Illustrates the trends of combustion pressure per crank angle for 

different diesel fuels. 

The software generates an additional set of validations to confirm the 

results of other researchers. It uses the same configurations and states in its 

databases are compared to those obtained in [41] [42] [43] under the same 

operating circumstances for the current study. The technical specifications 

for the engines used for validation are listed in Table 3. The engines run on 

regular diesel fuel. The pressure progression and the spray form in relation 

to the crank angle are shown in Figures 5 and 6. With a real little change, 

the comparison shows an attractive convergence. A little discrepancy has 

been noted. Diesel-RK is a reliable tool for simulating the combustion 

process in internal combustion engines, as evidenced by its minimum 

variation percentage. 

Figure 5. Validation of spray diffusion versus crank angle. 

 

3. Result and Discussion 

The grade of diesel fuel can significantly impact the combustion, 

performance, and emissions of diesel engines. The investigation of 

combustion, performance, and emissions are explained below:  

3.1 Combustion Study 

The history of combustion pressure through a 60o crank angle from 340o  to 

Table 3. Specifications of three engines setup used for validation [41] 

[42] [43] 

Test facility 
Set-up1 
Kirloskar 

Set-up    2 

Kirloskar 

TV1 

Set-up  3 

Legion 

Brothers 

Engine type 
Single-
cylinder 4- 

stroke, CI  

single-

cylinder 4- 

stroke, CI 
engine 

single-cylinder 
4- stroke, CI 

engine 

Bore x Stroke 
87.5 mm x 

110 mm 

87.5 mm x 

110 mm 

80mm x 110 

mm 

Cooling system Air-cooled Air-cooled Water cooled 

Comp. ratio 17.5:1 17.5:1 17.5:1 

Rated output 

7 BHP 

@1500 

rpm 

5.2 kW@ 

1500 rpm 

3.7 kW @1500 

rpm 

Injection pressure 200 bar 160 bar 200 bar 

Injection timing  23o BTDC  20o BTDC 23o BTDC 
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4000 at full load for all tested fuels is shown in Fig. 4. This period has been 

chosen since significant changes occurred in this duration. It is apparent 

that Iraqi diesel has an earlier start of combustion followed by light diesel, 

and then heavy diesel and diesel EN590 respectively. The difference in the 

Cetane number affects the ignition delay higher Cetane number leads to 

shorter ignition delay [44]. The peak value is recorded for Iraqi diesel 9.462 

MPa at 364o while diesel EN590 reported a lower peak value (8.365 MPa 

at 368o) than other grades. The difference in the energy content is 

responsible for this trend.  

 

 
Figure 6. Validation of cylinder pressure versus crank angle 

 

 

Figure 7. Average combustion temperature against crank angle. 

 

Figure 7  Illustrates the profile of average combustion temperature at full 

load for various diesel fuels. It can be seen that all grades have similar 

trends and they are different in the peak value and initiation of combustion. 

The peak average combustion temperatures for Iraqi diesel, light diesel, 

EN590, and heavy one are: 1982 K, 1979 K, 2005 K, and 1892.5 K 

respectively. Relative to all grades tested, heavy diesel recorded the lowest 

peak combustion temperature compared to other diesel fuels.  

 

Figure 8. Illustrates the heat release rate values vs crank angle 

 

The distribution of heat release per crank angle is presented in Fig. 8. It is 

observed that from 345 to 360-degree crank angle, significant fluctuations 

happened for all fuels under study. For better capturing the trends of curves 

the calculations are done per 0.2 crank angle. The peak rates of 61.85 J/deg 

at 353.8o, 61.07 J/deg. at 352.2, 57.15 J/deg. at 355.4o and 43.32 J/deg. at 

354.4 for EN590, Iraqi diesel, Light and heavy diesel respectively. The 

difference in the lower heating values among tested grades is the main 

reason for this behavior [16]. Another important combustion parameter 

(ignition delay) is explained in Fig. 9. Simply it can be defined as the time 

difference between the start of combustion and the start of injection[45]. 

The grades of diesel are essentially differentiated by their cetane number, 

which is a measure of the ignition quality of fuel. It is observed from Fig. 

9. that heavy diesel fuel offers a maximum ignition delay compared to other 

fuels; this may be due to the low cetane number for diesel compared to other 

fuel blends. The ignition delay for Iraqi diesel is 10.8 deg. while other 

grades offer 9.1 deg., 17.4 deg., and 14.1 deg. for diesel EN590, heavy 

diesel, and light diesel respectively.  

 

Figure 9. Illustrates the ignition delay for various diesel fuels. 

 

3.2 Performance study 

BSFC values were compared for Iraqi diesel, EN 590, heavy diesel, and 
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light diesel in Fig. 10. The BSFC for heavy diesel is higher when compared 

to other blends due to the minimum energy content in the fuel. 

Correspondingly the BSFC for Iraqi diesel, diesel EN590, heavy and light 

diesel are 0.25131kg/kWh, 0.24961 kg/kWh, 0.25358 kg/kWh, and 

0.24285 kg/kWh. The obtained values of BTE for different diesel grades 

are presented in Fig. 11. The results showed that heavy diesel has a lower 

BTE value compared to other fuels. The light diesel offers a higher value 

of BTE. Modern light diesel fuels have lower sulfur content, which reduces 

the formation of sulfur dioxide during combustion. Lower sulfur levels can 

lead to reduced emissions and potentially higher thermal efficiency. While 

Iraqi diesel and diesel EN590 recorded 33.706% and 34.586%, other grades 

heavy and light recorded 33.461%, and 34.968 respectively. 

 

Figure 10. BSFC values for various diesel fuels. 

 

 

Figure 11. Values of BTE for different diesel grades. 

 

3.3 Emission study 

It is imperative to acknowledge that the BSN is not the exclusive criterion 

for assessing the quality of diesel fuel. Nitrogen oxides (NOx), Particulate 

matter (PM), and other emissions including, hydrocarbons (HC), carbon 

dioxide (CO2), and carbon monoxide (CO) are also significant for air 

quality and environmental effects. The CO2, Bosch smoke number (BSN), 

and NOx are selected to specify how using different diesel grades can 

influence the emissions of diesel engines. The amount of CO2 emitted by 

burning different types of diesel fuel is shown in Fig. 12. The heavy diesel 

emits more CO2 compared to other grades followed by Iraqi diesel then 

Diesel EN590, and light diesel showed less CO2. Higher density, heavier 

fuels might contain more carbon, which could lead to increased CO2 

emissions. The CO2 values for the tested fuels are 809.78 kg/kWh, 797.46 

kg/kWh, 817.08 kg/kWh, and 778.3 kg/kWh corresponding to Iraqi diesel, 

diesel EN590, heavy diesel, and light diesel. 

 

Figure 12. CO2 values for different diesel grades 

 
 

Figure 13. BSN values for different diesel grades. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 14. NOx values for diesel fuels. 

 

Figure 13  displays the BSN values for the tested diesel fuels. The findings 

revealed that heavy diesel produces smoke higher than Iraqi, EN 590, and 

light diesel due to the higher density and lower volatility may not vaporize 

as easily, leading to incomplete combustion and higher smoke emissions.  

Another important point is the lower ratio of Hydrogen to carbon (H/C) 

compared to other grades [46]. The results showed BSN values of Iraqi, and 
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EN 590 were almost the same at 1.39, and 1.385 respectively, while the 

BSN of light diesel was slightly higher at 1.44 compared to 1.8 for heavy 

diesel. Fig. 14 shows a comparison of the NOx values for different diesel 

fuels, as it is crucial for periodic inspection of the vehicles[47]. Based on 

the results obtained Iraqi and EN 590 diesel produced higher NOx values 

of almost 2400 and 2225 ppm respectively.  However, heavy diesel 

produced the lowest NOx value of 1000 ppm among all the fuels. The 

combustion temperature and oxygen content have a direct relationship with 

NOx formation [48]. Since heavy diesel has a lower combustion 

temperature as seen in Fig 7., hence it is logical to observe lower NOx 

emissions than all other tested fuels 

 

4. Conclusion 

In this investigation, the impact of employing different grades of diesel 

fuels (light, heavy, EN590, and Iraqi) and their influence on combustion, 

performance, and emissions was studied. The conclusions obtained from 

this investigation are as follows:  

1) The profiles of combustion pressure showed that all grades followed the 

same trend with variance in the top and low peak values where the Iraqi 

diesel obtained the peak value of 9.462 MPa at 364o and diesel EN590 

obtained the lowest peak value of 8.365 MPa at 368o compared to other 

grades.  

2) Trends of average combustion temperature for all grades showed good 

similarity despite the difference in the peak values and the initiation of 

combustion. The Iraqi diesel was seen to have the ultimate peak value of 

combustion temperature of 1982 K while the lowest peak value was 

noticed at the heavy diesel of 1892.5 K. 

3) At 0.2 crank angle, the peak value of heat release dropped from the top to 

the low values for the EN590, Iraqi diesel, Light, and heavy diesel 

respectively.  

4) Heavy diesel performs a maximum ignition delay (17.4 deg) compared to 

other diesel fuels as follows: (light diesel/ 14.1 deg.), (Iraqi diesel/10.8 

deg), and (diesel EN590/ 9.1 deg).  

5) Compared to other grades, heavy diesel recorded the maximum BSFC and 

the lowest BTE values of 0.25358 kg/kWh and 33.461% respectively. 

However, light diesel obtained the lowest BSFC and the maximum BTE 

values of 0.24285 kg/kWh and 34.968 respectively. 

6) An apparent increase in the emissions of CO2 (817.08 kg/kWh ) and BSN 

of (1.8) values for the heavy diesel compared to other grades followed by 

Iraqi diesel then Diesel EN590, and light diesel showed less CO2 ( 778.3 

kg/kWh) and BSN of 1.44. 

7) In terms of NOx values, Iraqi and EN 590 diesel produced higher NOx 

values of almost 2400 and 2225 ppm respectively.  However, heavy diesel 

produced the lowest NOx value of 1000 ppm among all the fuels. 

8) Studying the benefit factor for various grades of diesel is suggested in the 

upcoming future works. 

9) An optimization study is suggested to investigate which grade of diesel is 

the best one to impact the thermal characteristics of the engine.  
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