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Abstract- In order to more understanding the nature of 

physical phenomena, the simulations, mathematical 

equations and their solution are used to describe those 

physical phenomena. They also describe the combustion 

process with the help of mathematical and chemical 

equations for an ignition engine by spark. Alternative 

fuels and air are mixed at a molecular level prior to 

combustion which occurs as a flame front. This paper 

presents the combustion simulation of spark ignition for 

an engine with four-stroke cylinders and a compression 

ratio (12:1). Zero-dimension model is used to predict the 

speed of turbulent flame, and mixture (10%) of ethanol 

and gasoline expresses the fuel used in this study. The 

turbulent flame speed is predicted with different parity 

ratios (0.6-1.1), different engine speed (500-2500) RPM 

and different compression ratios (7:1 - 10:1) as well as 

the timing of the different spark timing up to (5-30 btdc), 

by using the visual basic program.    
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1. INTRODUCTION 

Flame speed is defined as the speed of the an combust 

gases through the combustion wave in the natural surface 

direction of the wave. The most combustion processes are 

considered almost turbulent on a Bunsen Burner in spark 

ignition engines. Also considered the main factor that 

controls the rate of increasing pressure and thus has an 

important effect on the engine's performance. Finally, the 

combustion speed inside the engine cylinder can be 

considered of great importance to engine designers as it 

gives a good representation of the engine system [1].  

Ghanauti, et al., simulate the combustion process of a 

combustion engine with a spark using the GT-Power 

program and the flame rate model to determine the 

Laminar Flam Speed and using (50% MFB) of the 

mixture other than the burning speed under the different 

temperatures and pressures of the unburned mixture, in 

addition to a different ratio of the rotational speed of the 

engine. They concluded that the highest combustion was 

at the equivalent ratio of the ideal ratio (Stoichiometric) 

[2].  

For the sake of the ability to display a flame velocity 

model to determine the combustion phases and to predict 

the combustion spark, the researchers (Nafis Ahmad, 

Rashid Ali) developed a (Zero dimensional 

Thermodynamic) model to estimate the turbulent flame 

velocity in a combustion engine with a spark using a 

mixture of Iso-octan and air for a wide range of engine 

operating parameters that included the effect of engine's 

rotational speed (600-1160) RPM, ratio of equivalent 

(0.7-1.1), temperature for unburned mixture (532-650 

Rankine), compression ratio (5-8) as well as the effect of 

timing of firing spark plug (5-30 btdc). Then they 

compared the practical and theoretical results with the 

results. The model followed in this study is that of 

(Cakir) and (Malik), where they concluded that the results 

obtained from the model used have a good compatibility 

with the (Cakir) and (Malik) models [1]. 

The researchers Anurag Mani Tripathi, Parth Panchal, 

Vidhyadhar Chaudhari [3] performed a simulation of a 

four-stroke single-cylinder engine to measure the velocity 

of turbulent flame in it, by using methane gas as a fuel at 

different operating conditions, the equivalent ratio ranged 

from (0.6-1.2) and the rotational speed of the engine 

ranged from (1500-3000 RPM). The researchers found an 

increase in the turbulent flame speed (7.1053-8.0386 m/s) 

with an increase in both the equivalent ratio and the 

rotational speed of the motor. 

For the theoretical analysis, a hypothetical internal 

combustion engine operating with a spark plug and a 

four-stroke system was selected to study the effect of the 

engine's operational parameters on the turbulent speed of 

the flame as shown in Table 1. 
 



International Journal on “Technical and Physical Problems of Engineering” (IJTPE), Iss. 51, Vol. 14, No. 2, Jun. 2022 

 2 

Table 1. Engine specification [5] 
 

Engine Type Fray man A30 marine diesel engine 

Compression Ratio (CR) 5:1 to 18:1 

Bore (B) 95 mm 

Stroke (L) 82 mm 

Cycle 4-stroke 

System of fuel suppled Carburetor 

Spark Timing 30 btdc to 10 atdc 

 

2. FOUR-STROKE CYCLE MODE OF ENGINE 

Figure 1 shows the four-stroke cycle mode of the 

engine which starts from point 6 to 1 representing the 

intake stroke where fuel and air is enter to the cylinder. 

Compression stroke begins at point 1 and ends at point 2 

where fuel, air and residual gases are compressed. 

Combustion period is important in the cycle, which is 

started at point 2 and ended up at point 3. Expansion 

stroke begins at point 3 and ends at point 4. Finally, the 

exhaust stroke starts at point 4 and ends up at point 6 

where exhaust gases are pushed out of the cylinder. 

 

 
 

Figure 1. Diagram of the pressure-volume relationship for a four-stroke 

cycle [4] 

 

3. ASSUMPTIONS SUPPORTED 

The following assumptions were adopted during the 

mathematical operations: 

• The effects of cracks and grooves in the cylinder walls 

are neglected. 

• The combustion process starts before the upper dead-

point at a specified angle ranging between (5-30 btdc). 

• Assuming the calculation increment is one degree of 

crankshaft. 

• Considering the combustion chamber as a burnt zone, 

and that the temperature and pressure inside the 

combustion chamber are homogeneous. 

• Neglecting changing the work with changing the 

temperature. 

 

4. THEORETICAL ANALYSIS 

     A Four-Stroke cycle engine was simulated using a 

visual basic software that calculates the combustion 

products as well as the performance parameters of the 

engine running on a spark based on the thermodynamic 

model. After determining the controlled operational 

conditions, the program calculates the temperature of the 

mixture of air, fuel and residual gases using the following 

relationship [4]: 
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where, Te and Pe are the temperature and pressure of the 

exhaust gases and, Ti and Pe are the initial temperature 

and pressure. Note that the percentage of residual 

emissions f was calculated by the following Equation (4): 
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where, CR is compression ratio, and P4 is pressure at the 

start of opening exhaust valve. 

To find the pressure and temperature for mixture 

state, the compression stroke is divided into intervals 

equal to arithmetic steps. The total cylinder volume at 

each calculation step is calculated by the angle of the 

crankshaft by the following relationship (4). 
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The temperature (T2) and pressure (P2) are calculated 

at the end of the calculation step using the following 

Equations (4) and (5). 
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The value of K is calculated from the relationship (6). 
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where, Ro represents the general constant of gases, and Cv 

as the specific heat of a particular mixture can be 

obtained from the following Equation (7): 
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Compression stroke calculations continue until the 

angle of the crankshaft is equal to (θ=θsprk), then the 

(Delay Time) calculations begin. Burned temperature (Tb) 

during this phase depends on Equations (8) and (9), 

respectively, depending on the equivalent ratio () the 

temperature of the unburned charge [8]. 

2500 , 1.0b unT T  = +   (8) 

( )2500 700 1 , 1.0b unT T   = + − −   (9) 

The accurate calculation of the spread speed of the 

flame needs a briefing of the reactant properties (physical 

and chemical). However, turbulence combustion inside 

the combustion chamber deflects this, as it crimps and 

breaks the flame front, making it difficult to predict how 

fast the flame will spread. Therefore, the researchers used 

to present experimental equations and these equations 

included the influential elements on the velocity of flame 

propagation. Perhaps the most common equation is the 

experimental (Kuehl) equation which has been adopted to 
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calculate the velocity of the flame flow (Laminar flame 

speed) [11]. 
6
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It is difficult to express the turbulent state of the flame 

speed in the combustion chamber in terms of (Laminar 

flame speed), so it was necessary to find the turbulent 
speed of flame which is calculated through the following 

Equation (12). 

T LU U ff=   (11) 

As for the calculation of the turbulent flame factor 

value (ff), the following relationship was used (13): 

1 0.0018ff N= +  (12) 

The delay period was calculated in terms of the 

rotational speed of the crankshaft using the following 

relationship [9]. 
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which Rf represents the radius of the flame front. 

    The volume of the cylinder at the beginning of 

combustion can also be expressed as Equation (14): 
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The value of Rf is calculated by Equation (15).  
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Since the combustion period is proportional with the 

engine speed, the combustion period can be guessed by 

the following relationship [10]. 
2
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where, ccY  represents the amount of oxygen needed, Y is 

the number of oxygen moles in the mixture. 

While the calculation of fuel mass ( fm ) used as a 

mixture with the air entering the engine during the intake 

stroke. first requires calculating the added air mass within 

relationship (17) [11]: 
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where, CDt is the discharge coefficient in the neck of the 

venture, Po and To represent the atmospheric pressure and 

temperature, respectively. 

The At represents the amount of flow in the neck of 

the venture which is calculated by the following 

relationship (12): 

t v vA D L=  (19) 

where, Dv represents the diameter of the intake valve, and 

Lv represents the distance traveled by the intake valve 

which is calculated by the following relationship (12): 

( )
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where, Liv,max is amount of lifting the intake valve at the 

full opening of the valve.  

The φ (coefficient of charge intake valve angle) can 

be obtained from the following Equation (12): 
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where, IVO and IVC represent the angle of the crankshaft 

when opening and closing the intake valve. The general 

equation for combustion of hydrocarbon fuels with air 

can be described as follows [13]. 
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where, a represents the total number of moles of fuel. 

 

5. RESULTS AND DISCUSSION: 

The turbulent flame speed obtained from the 

mathematical model at different engine operating 

parameters including the engine speed, compression ratio, 

and equivalent ratio as well as the spark timing angle has 

been presented and discussed. 

 

 
 

Figure 2. The engine speed and equivalence ratio effect on turbulent 

speed of flame 

           

Figure 2 shows the effect of the engine speed on the 

turbulent flame speed at different equivalent ratios, 

increasing the speed of flame with an increase in the 

engine speed at all equivalent ratios. As for the effect of 

the equivalent ratio when the engine speed is fixed, we 

notice a gradual increase in the flame speed with an 

increase in equivalent ratio reaches its highest value at the 

Stoichiometric equivalent ratio ( 1.0 = ), then the flame 

velocity decreases when increasing the equivalent ratio

( 1.0)  . The reason for this is referred to the state of 

incomplete combustion. 
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Figure 3 shows the effect of the equivalent ratio on 

turbulent flame speed at different compression ratios of 

the engine. It also shows increases on turbulent flame 

speed with increasing the equivalent ratio to its highest 

value at the Stoichiometric equivalent ratio ( 1.0 = ), 

then the flame speed decreases when the equivalent ratio 

increases ( 1.0  ). 

 

 
 

Figure 3. The equivalence ratio and compression ratio effect on 

turbulent speed of flame 

 

 
 

Figure 4. The compression ratio and engine speed effected on turbulent 

speed of flame 

 

Figure 4 shows the compression ratio effect on the 

speed of the flame at different engine speeds and 

increasing the compression ratios to reach their highest 

value at the highest compression ratio. The reason is 

attributed to the increase in the pressure of the cylinder, 

which makes combustion in it completely combustible. 

Figure 5 shows the spark timing effect on turbulent 

flame speed at different equivalent ratios. From the 

figure, noticed that the flame velocity is gradually 

increased with the equivalent ratio increase and reaching 

its highest value at the Stoichiometric equivalent ratio

( 1.0) = , and then the flame speed decreases, when the 

equivalent ratio is increased ( 1.0)   at each spark 

timing, relative to the effect of the given spark timing, 

when the equivalent ratio is constant, noticed that flam 

speed is gradually decreased with an increase in the 

timing of given the spark, and the reason is attributed to 

the state of incomplete combustion inside the cylinder. 

 
 

Figure 5. The ignition timing and equivalence ratio effect on turbulent 

speed of flame 
 

6. CONCLUSIONS 

• The flame speed increases from (550 cm/sec) to (880 

cm/sec) when the equivalent ratio is increased from (0.6) 

to (1.0), from which it is concluded the turbulent speed of 

flame increases with the increase of equivalent ratio. 

• The flame speed increases from (715 cm/sec) to (810 

cm / sec) when the compression ratio is increased from 

(7:1) to (10:1), from which it is concluded the turbulent 

speed of flame increases with increase in the compression 

ratio. 

• Flame speed increases from (750 cm/sec) to (820 

cm/sec) when the rotational speed of the engine is 

increased from (500 RPM) to (2500 RPM), from which it 

is concluded that the turbulent speed of flame increases 

with increase rotational speed of the engine. 

• The flame speed decreases from (905 cm / sec) to (880 

cm/sec) when the spark ignition timing is increased from 

(5 btdc) to (30 btdc), from which it is concluded that the 

turbulent speed of flame decreases with increase the 

spark ignition timing. This conclusion is consistent with 

the conclusion reached by the researcher (K. Rezapour) 

that the mechanical output decreases with the increase in 

the spark ignition timing  [19]. Above results were 

validated with the work of K.A. Malik [20] and a number 

of other researchers. 
 

NOMENCLATURES 
 

1. Symbols / Parameters 

Pe: Exhaust gases pressure 

Te: Exhaust gases temperature  

Pi: Initial pressure of charge 

Ti: Initial temperature charge  
CR: Compression ratio 

f: Percentage of residual gases 

Δθ: Computational step 

P4: Pressure at opened the exhaust gases valve 

P2: The Pressure at the end of the computational step 

T2: The temperature at the end of the computational step 

fm : Mass of fuel     

Ycc: The amount of oxygen needed 
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Liv,max: The amount of lifting the intake valve at the full 

opening of the valve 

Dv: Diameter of intake valves 

IVC: Intake valve close angel  

IVO: Intake valve open angel 

Ro: Universal gases constant  

a: The number of moles of the total fuel used 

wi: The number of moles of a compound  

Cv: Specific heat of gases 

park : Spark ignition angle  

wm: Total number of moles 

Tb: Burned charge temperature  

θ: Crank shaft angle 

: Equivalent ratio  

Tun: Unburned charge temperature 

N: Engine rotational speed  

Rf: Radius of the flame front 

CDt: Discharge coefficient in venture tube  

Y: The number of moles of oxygen in the mixture 

: Coefficient of charge intake valve angle  

Lv: Represents the distance traveled by the intake valve 
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