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Abstract – Experimental research generally requires a significant amount of work, money, and time. To forecast the 

performance of a diesel engine, a cycle simulation model containing a thermodynamically based single zone combustion model 

was constructed. For compression ignition (C.I) engines, a thorough computer code was built using ‘Python’ programming 

language. Combustion factors including cylinder pressure, heat release, and heat transfer were studied, as well as performance 

characteristics like work done, braking power, and brake thermal efficiency (BTE). The characteristics at each degree crank 

angle were computed using the first law of thermodynamics. The maximum pressure and temperature value was determined 

to be quite near to the experimental value based on the results. 
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I. INTRODUCTION 
 

Recent developments in the advancement of cleaner diesel 

engines include the use of common rail systems, fuel 

injection management methods, exhaust gas recirculation 

(EGR), exhaust gas after-treatment, and enhanced intake 

of air, among other things[1]. It's worth noting that the 

Indian government has pledged to triple bioenergy 

production in the next ten years, which has fueled the 

quest for viable biofuels.In order to maintain the global 
environment and ensure long-term supplies of 

conventional diesel fuel, it is vital to find alternative fuels 

that provide engine performance comparable to diesel[2].  

 

Biodiesel, among the alternative fuels, has great promise 

as an environmentally benign alternative fuel [3]. Due to 

the food vs. fuel debate, vegetable oil derived from non-

edible sources is seen as a possible alternative fuel for 

compression ignition (CI) engines when contrasted to its 

edible equivalent. Engine performance was investigated 

utilising several biodiesel sources[4], including (a) salmon 

oil [5], (b) rapeseed oil [6–8], (c) rubber seed oil [9], (d) 
tobacco seed oil [10], (e) sunflower seed oil [11, 12], (f) 

soybean oil [13], (g) jatrophacurcus oil [14], and (h) 

karanja oil [15, 16]. 

 

Experimentation is usually regarded a vital aspect of 

development whether creating new engines or enhancing 

old ones. However, putting the experiment into practice 

comes with a slew of drawbacks[17]. Preparing the 

experiment necessitates a significant amount of time and 

the participation of a larger number of individuals. 

Furthermore, conducting an experiment entails certain 
expenses[18, 19]. As a result, more and more technologies 

are being used to speed up the engine design process while 

also lowering the cost of the experiment. To begin, the 

engine cycle is described using several mathematical 

models. Numerical analyses have been increasingly 

popular in recent years as a result of advancements in 

technology. The benefit of numerical analysis is the ability 
to see the engine cycle, whereas mathematical models just 

provide numerical numbers. Mechanical calculations are 

commonly understood to be required when developing any 

machine assembly. The maximum load values that occur 

in the observed machine assembly are the most essential 

when it comes to mechanical calculations. The largest load 

that occurs during running of an IC engine is a rise in gas 

pressure in the cylinder [20]. 

 

The combustion of diesel fuel is a complicated and diverse 

process. Thermodynamic and fluid dynamic models are 
the most common types of combustion models for diesel 

engines. Thermodynamic models may be divided into 

three categories: single zone heat release models, 

phenomenological jet based models, and quasidimensional 

multi-zone models. Single zone models are good for 

predicting engine performance because they assume that 

the cylinder content is homogeneous in composition and 

temperature. Individual processes in the engine cycle, such 

as fuel injection, mixture production, heat release, heat 

transmission, and exhaust generation, are modelled using 

phenomenological combustion models. Fuel injection, 
atomization, air entrainment, droplet formation, 

evaporation, wall impingement, ignition, heat release, and 

heat transmission are all described using simplified quasi 

stable equations in quasi-dimensional multi-zone models. 

Multi-dimensional or computational fluid dynamics (CFD) 

models are based on solving the governing equations for 

mass, momentum, and energy conservation, as well as 

species concentration, using a defined discretization 

process[21–23]. 

In their study, Sekmen et al. [24] used numerical 

simulation to simulate the gasoline IC engine cycle. The 
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values of the cylinder pressure, temperature, and gas flow 

speed in the cylinder were observed as simulation output 
parameters. In their study, Mauro et al. [25] employed two 

methods to quantify the heat released during combustion. 

The implementation of the so-called single-zone (SZ) 

thermodynamic model is the initial technique. It's a 

mathematical representation. The second method is to use 

a CFD simulation, which is similar to the one used in this 

article. They highlighted the fact that the mathematical 

model takes less time. They also stated that numerical 

analysis is vastly different from mathematical models[26].    

In contrast to these positive aspects of this mathematical     

model, they claim that the needed input for modelling the 

heat release is cylinder pressure, which may be acquired 
empirically or in some other method.The numerical 

simulation of heat conduction processes in the piston and 

the modelling of combustion in the cylinder are significant 

factors in optimising existing engines[27].  

 

Prasad et al. [28] investigated transient heat transfer in a 

two-dimensional aluminium alloy piston of a semi-

adiabatic diesel engine with constant boundary conditions. 

As a result, the cyclic fluctuations in the heat transfer 

coefficient and combustion chamber temperature were not 

taken into consideration. A cycle simulation model is 
described in this paper. This thermodynamic-based model 

predicts the performance of a diesel engine running on 

diesel fuel, working through the engine intake, 

compression, combustion, expansion, and exhaust 

processes. For diesel fuel evaluated in this study, the 

model forecasts the performance of a CI engine in terms of 

braking power and brake thermal efficiency. The model's 

inputs include fuel properties, as well as engine design and 

operational parameters. 

 

1. Computer Program and numerical modelling 

The Diesel cycle is used to study the operational 
characteristics of a single cylinder natural aspirated CI 

engine, the specifications of which are listed in Table 1. 

The empirical equations are used in the developed 

mathematical model to compute the pressure and 

temperature of cylinder gas, as well as the composition of 

combustion products. The properties of diesel fuel are as 

follows; density (831 kg/m3), calorific value (42.5 MJ/kg). 

 

 

2.1 Overview 

For the provided mathematical cycle model, a 

computerprogramme is created in python environment. 
The air-fuel combination pulled into the engine cylinder 

under atmospheric pressure and temperature conditions is 

replaced with residual gas remaining within the cylinder 

from the previous cycle, and the pressure and temperature 

of the previous mixture are modified. The mixture's first 

thermodynamic characteristics are determined. The 

clearance volume in a combustion model is assumed to be 

made up of three regions: "burned region," "burning 

region," and "unburned area," with compression, 

combustion, and expansion processes computed using 

thermodynamic relationships. Thermodynamic equations 

are used to compute the gas pressure and temperature, as 
well as the composition of combustion products. Newton 

Raphson iteration technique is used to solve the equations. 

After that, values for engine performance such as engine 

power, specific fuel consumption, mean effective pressure, 

and thermal efficiency are derived. 

 

1.2 Determination of cylinder volume 

At the start, the design parameters such as cylinder size, 

stroke, compression ratio, connecting rod length, intake 

and exhaust valve diameters, as well as their opening and 

closing time values etc. and the operating parameters such 
as engine speed, universal gas constant, intake air pressure 

and temperature values, exhaust opposite pressure and 

temperature, intake and exhaust flow coefficients, specific 

heat at constant pressure, excess air coefficient, ignition 

advance, end of combustion point, fuel calorific value, 

relative humidity and saturation pressure of intake air, 

atmospheric pressure and temperature, reference pressure 

and temperature were taken from the data file. The surface 

area of the piston, the swept volume, and the volume of 

the combustion chamber were then computed. 

 Figure 1: Geometry of reciprocating piston engine 
 

With θ denoting the angular displacement of the 

crank from BDC, the volume V(θ) at any crank angle is 

represented by 

V𝛳 =  𝑉𝑑𝑖𝑠𝑝 ∗   
𝑟

𝑟−1
−

1−cos 𝛳

2
+  

𝐿

𝑆
−

1

2
  

2𝐿

𝑆
 

2

− sin2 𝛳   

    (1) 

1.3 Determination of Cylinder pressure 
The cylinder pressure in a CI engine is 

determined by the pace at which the fuel burns during 

combustion. A higher cylinder pressure indicates a faster 

rate of combustion and heat release.The immediate 

Parameters Details 

Cylinder diameter (D) 87.5 mm 

Cylinder number 1 

Stroke (S) 110 mm 

Connection rod lengths (LB) 234 mm 

Intake valve opening 5270 

Intake valve closing 7500 

Exhaust valve opening 3400 

Exhaust valve closing 5540 
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pressure inside a cylinder of a diesel engine were 

measured in this investigation. The gas inside the cylinder 
was thought to be a perfect gas with physical 

characteristics that changed with temperature. Other state 

equations might also be utilised. The following equation 

can be derived using the equation of state for an ideal gas 

and the First Law of Thermodynamics: 

𝑃𝛳 = −γ
𝑃

𝑉

𝑑𝑣

𝑑𝛳
+

 γ−1 

𝑉

𝑑𝑄

𝑑𝛳
         (2) 

 

1.4 Air fuel characteristics 

Constant input data and engine constructive properties 

were read in the application, while O2, N2, CO, CO2, and 
H2O properties were read. Variations in pressure and 

temperature, specific fuel consumption, power output, 

thermal efficiency, and other factors for16:1 compression 

ratioare computed and recorded independently in the 

model. The moles of several species are included in this 

simulation during the onset of combustion, including O2, 

N2 from intake air and CO2, N2 and O2 from leftover 

gases. The total combustion equation for a fuel containing 

C-H-O-N is: 

𝐶𝑥𝐻𝑦𝑂𝑧 + λ ∗ 𝑦𝑐𝑐 ∗  𝑂2 + 3.77𝑁2 → x𝐶𝑂2 +

 
𝑦

2
 𝐻2𝑂 +  λ − 1 𝑦𝑐𝑐 ∗ 3.77𝑁2  (3) 

The equations were used to compute the total 

quantity of reactants and products at the commencement 

of combustion, as well as every degree crank angle. 

𝑡𝑚𝑟 = 1 + λ ∗ 𝑦𝑐𝑐 ∗ 4.773                 
(4) 

𝑡𝑚𝑝 = 𝑥 +  
𝑦

4  + 3.773 ∗ λ ∗ 𝑦𝑐𝑐 +  λ − 1 𝑦𝑐𝑐  

 

1.2 Heat transfer 

The heat conduction coefficient was supposed to be a 

function of engine speed and crank angle, with heat 

transmission from the combustion chamber to the cooling 

water temperature being constant. In CI engine, heat 

transfer is required to keep the cylinder walls, cylinder 
heads, and piston faces at a safe operating temperature. 

During every segment of each cycle, heat is transferred 

from or to the working fluid, and the net work done by the 

working fluid in one complete cycle is given by. 

𝑊𝑛𝑒𝑡 = Ø  𝑝 +
Δp

2
 ∗ ΔV        (6) 

Where Δp is the pressure change inside the 

cylinder as a result of piston motion, combustion, flow 

into or out of the cylinder and heat transfer. The pressure 

change Δp due to heat transfer is given by 
Δp

𝑝
=

ℎ𝑐𝐴 𝑇𝑤−𝑇 

𝑀𝐶𝑉𝑇
∗  ΔT         (7) 

 

1.3 Combustion 

The mass of the fuel consumed, pressure, and 

temperature data were determined using the Wiebe 

function in a subprogram for every 1° of crankshaft 

revolution. The Wiebe function is a zero-dimensional 

engine model that has been frequently utilized in engine 

research, especially for CI applications. In comparison to 
more sophisticated combustion models, it is a very easy 

technique to approximate the mass fraction burnt (MFB) 

during the combustion process. 

𝑋𝑏 =   1 − 𝑒𝑥𝑝  −𝑎  
𝛳−𝛳0

Δ𝛳
 
𝑚+1

        

 (8) 

The Wiebe function curve has a distinct S-shaped form 

and is widely used to describe the combustion process. 

The mass fraction burnt profile starts at zero, indicating 

the beginning of combustion, and then rises exponentially 

to one, marking the conclusion of combustion. The 

duration of combustion is the difference between those 

two endpoints. 

𝑄 = 𝑎 𝑚 + 1  
𝛳−𝛳𝑖

Δ𝛳
 
𝑚

exp  −𝑎  
𝛳−𝛳𝑖

Δ𝛳𝑐
 
𝑚+1

   

            (9) 

The above equation can be expressed in terms of KJ/θCA 
as follows; 

 
𝑑𝑄𝑐

𝑑𝛳
= 𝑎 𝑚 + 1  

𝑄𝑎𝑣

Δ𝛳𝑐
 
𝑚

𝑒𝑥𝑝  −𝑎  
𝛳−𝛳𝑖

Δ𝛳𝑐
 
𝑚+1

   

          (10) 

 

1.4 Frictionallosses 

Frictional losses have a direct impact on maximum brake 

torque and minimum brake specific fuel consumption, and 

are frequently used as a criterion for engine design. These 

losses affect not just the power but also the size of the 

cooling systems. The following empirical relations are 

used to compute the mean effective losses of power due to 
friction in various moving components. 

1.4.1 Mean effective pressure (MEP) lost to 

overcome friction due to gas pressure behind 

the rings. 

𝐹𝑚𝑒𝑝 1 = 0.42 ∗  𝑝𝑎 − 𝑝𝑖𝑚𝑓  ∗  𝑆 𝐵2 ∗  0.0888𝐶𝑟 +

0.182 𝐶𝑟1.33−0.394𝐶𝑚100∗10        (11) 

1.4.2 Mean effective pressure absorbed in friction 

due to wall tension of rings 

𝐹𝑚𝑒𝑝 2 = 10 ∗
0.377 𝑆𝑛𝑝𝑟

𝑏2                      (12) 

     

1.4.3 MEP absorbed in friction due to piston and 

rings 

𝐹𝑚𝑒𝑝 3 = 12.85 ∗
𝑃𝑠𝑙

𝐵𝑆
∗

100𝐶𝑚

1000
         (13) 

 

1.4.4 Blow by loss 

𝐹𝑚𝑒𝑝 4= 𝑃𝑎−𝑃𝑖𝑚𝑓
∗   0.212 𝑟4 −  0.034 + 0.0001055𝑟 ∗

𝑁10001.18         (14)  

 

1.4.5 MEP lost in overcoming inlet and throttling 

losses 

𝐹𝑚𝑒𝑝 5 =
𝑃𝑒

2.75 + 𝑃𝑖𝑚𝑓               

(15) 

 

1.4.6 MEP absorbed to overcome friction due to 

the valve gear 
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𝐹𝑚𝑒𝑝 6 = 0.226 ∗  30 − 4𝑁
1000  ∗ 𝐺𝐻1.75

𝐵2𝑆   

    (16) 
  

 

1.4.7 MEP lost in pumping 

𝐹𝑚𝑒𝑝 7 = 0.0275 ∗  𝑁 1000  
1.5

                     

(17)  

 

1.4.8 MEP absorbed in bearing friction 

𝐹𝑚𝑒𝑝 8 = 0.0564 ∗ 𝐵
𝑆 ∗ 𝑁

1000         (18) 

 

1.4.9 MEP absorbed in overcoming the 

combustion chamber and wall pumping 
losses 

𝐹𝑚𝑒𝑝 9 =  𝑃𝑖𝑚𝑒𝑝

11.45
 ∗ 0.0915 𝑁 1000  

1.7
     

               (19) 

 

Total MEP lost in friction 

𝐹𝑚𝑒𝑝 = 𝐹𝑚𝑒𝑝 1+ . ……………… . . + 𝐹𝑚𝑒𝑝 9        

(20) 

 

The net work done during the cycle, and thus the indicated 

mean effective pressure, can be used to determine the 

indicated power. The difference between the displayed 

mean effective pressure and the frictional mean effective 

pressure is the brake mean effective pressure. As a result, 

it determines brake power based on known brake mean 

effective pressure, stroke volume, and speed. 

 

2. Result and discussion 
The Combustion characteristics such as cylinder pressure, 

heat release rate, ignition delay, and combustion zone 

temperature are explored in this study. 

3.1 Cylinder volume wrt crank angle 

The cylinder volume is calculated with the help of 

developed program and plotted against the crank angle. 

Figure 2 shows the variation of cylinder volume with 

respect to crank angle. The cylinder volume is maximum 

at 00, 3600 and 7200 as the piston is at the bottom dead 

center. The cylinder volume is minimum at 1800 and 5400 

as the piston is located at the top dead center of the 

cylinder.  
 

 

 
Figure 2: Volume of cylinder wrt crank angle. 

 

2.2 Variation of pressure during compression stroke 

Figure 3 shows pressure inside the cylinder during 

compression with respect to crack angle. The compression 

stroke is assumed to be start at 00 and ended at 1530. The 

maximum pressure attained during the compression stroke 

was 22.43 bar.   

 
Figure 3: Variation of temperature during compression 

stroke 
 

2.3 Variation of pressure during delay period 

Figure 5 shows the variation of pressure inside the 

cylinder during the delay period. The delay period is 

assumed to be between 1530 to 175o. The pressure inside 

the cylinder at the beginning and end of the delay period 

was 22 bar and 55 bar respectively.   

 
 

Figure 4: Pressure inside the cylinder during delay period 
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2.4 Variation of temperature during delay period 
Figure 6 shows the graph between the temperatures inside 

the cylinder during delay period with respect to crank 

angle. As discussed earlier the delay period starts from 

1530 and ends at 1750. The temperature at the beginning of 

the delay period predicted by the model is 714 0C while at 

the end 938 0C.  

 
Figure 5: Temperature inside the cylinder during delay 

period 

 

2.5 Variation of temperature variation during 

combustion stroke 

Figure 7 shows the variation of temperature during the 

combustion period. The combustion starts at 1750 just 

before the end of compression stroke and ends at 2250. As 

shown in figure 7 the temperature predicted by the model 
at the start and end of the combustion is 1191 0C and 2540 
0C respectively. The sudden rise in temperature was 

observed at the start of the combustion period. 

  

 
Figure 6: Temperature variation during combustion 

 

2.6 Variation of pressure during combustion stroke 

Figure 8 shows the variation of pressure during the 

combustion period. The process of combustion as stated 

earlier starts from 1750 and ends at 2250.  The maximum 

pressure is attained at the beginning of combustion and 
then pressure gradually lowers as the piston moves from 

top dead center to bottom dead center.  

 

 
Figure 7: Variation of pressure during combustion period 

  

2.7 Variation of pressure during expansion stroke 
Figure 9 shows the variation of pressure inside the 

cylinder during the expansion stroke. The expansion 

stroke starts at 2250 and ends at 3600. The pressure inside 

the cylinder at the beginning of the expansion stroke 

predicted by the model is 7.56 bar while at the end of 

expansion stroke is 0.99 bar. 

 

 
Figure 8: Pressure inside the cylinder during expansion 

stroke 

 

2.8 Variation of temperature during expansion stroke 

Figure 10 shows the variation of temperature during 

expansion stroke. The expansion stroke starts from 2250 
and ends at 360

0
.  The developed model shows highest 

temperature at the start of expansion stroke and lowest 

pressure at the end of expansion stroke. The model 

predicted 2540 0C at the start of expansion stroke while 

1718 0C at the end of an expansion stroke.  
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Figure 9: Variation of temperature during expansion 

stroke. 

2.9 Frictional losses 

The frictional losses predicted by the model are presented 

in table 2.  

Table 1: Frictional losses predicted by model 

Frictional loss Quantity in 

bar 

Friction due to gas pressure behind the 

rings  

0.2181 

Friction due to wall tension of rings 0.1624 

Friction due to piston and ring friction 0.4951 

Blow-by loss                                      0.069 

Inlet and throttle loss                        1.363 

Friction due to valve gear                 0.000018 

Pumping Loss                                   0.050 

Bearing Friction                             0.067 

Friction due to gas pressure behind the 

rings  

0.2181 

 
The other parameters such as compression, combustion, 

expansion work and thermal, mechanical and brake 

thermal efficiency predicted by the model are given in 

table 3.  

           Table 2: Parameters predicted by model 

 

 

 

 

III.CONCLUSION 

 
The performance of a single cylinder four stroke diesel 

engine fueled by diesel is predicted using a diesel engine 

cycle simulation model. The simulation of CI engine for 

the diesel fuel is done in python environment. The 

following conclusions can be drawn from the study.  

1. Computer simulation can be an effective method to 

predict the performance of CI engine.  

2. Once the model is developed, the same model can be 
used for various fuels and its blends to predict its 

performance.  

3. The maximum pressure predicted by the model is 61.25 

bar and it occurred during the combustion stroke of the 

engine. 

4. The maximum temperature predicted by the model is 

2540 0C and it also occurred during the combustion 

stroke of the engine. 

No study is without limitations, the model developed have 

to be validated with the experimental results. The authors 

are planning to validate the developed model with 
experimental data in their further study.  
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