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From the beginning of IC engine era, it is trying to improve the performance and 
efficiency of internal combustion engine. In this study, numerically analysis on 
combustion of Propane, Propanol and Octane in SI engine have been done 
thoroughly and presented to assess the potentiality and highlighted the 
comparison. For this analysis thermodynamic engine cycle model is developed 
for numerical analysis. Mathematical models considering fundamental equation 
and empirical relation are implemented in a single cylinder 4 stroke spark 
ignition engine (system) with the help of FORTRAN 95 to find out heat losses, 
friction losses, output parameter etc.  Single cylinder four-stroke spark-ignition 
(SI) engine is considered as system. In this study, different working parameters 
like 8 and 12 compression ratios with three different rpm 2000, 4000 & 6000 
are considered for simulation. This study shows the different comparisons of 
energy-exergy content (%), as example of exhaust gas 35.08 & 17.82, 37.02 & 
19.22, 37.79 & 19.79 for Octane (at compression ratio 8 and 2000, 4000, 6000 
rpm) etc., which explains the potentiality content and the potentiality losses in 
different process like combustion, mixing of gases etc. It also shows for the fuel 
propane and propanol in similar way with changing different operating 
conditions. Maximum inside cylinder temperature, 1st law and 2nd law 
efficiencies were determined for the fuels with respect to different compression 
ratio and engine speed.  
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1. INTRODUCTION 

Nowadays it is a great concern about the energy 

conservation and its efficient uses. The reserve of fuels is 

reducing day by day so need to find out alternative source or 

efficient conversion techniques. Alternative fuels also 

known as ‘cleaner fuel’ is great concern in this regard. With 

better combustion technique alternative fuels burns 

efficiently and give less emission than conventional fuels 

(Moran & Shapiro, 2000). Alternative fuels are inherently 

cleaner than petroleum derived fuels. Alternative fuels 

usually are less harmful to the environment and greater 

suitable than conventional fuels. By the using of advanced 

emission control technologies, it was found that the efficient 

burn of alternative fuels and less harmful ingredients 

released from incomplete combustion. Advanced 

combustion and emission control technology requires 

combustion data with certain degree of detailing. But for 

better combustion technique and conversion technology, it 

requires combustion data or properties for alternative fuel. 

Generation of experimental data is very expensive, and 

therefore more emphasis is given, now-a-days, on modelled 

results for combustion of non-conventional fuels. 

Propane normally is a gas at normal temperature and 

pressure (NTP) and becomes liquid (after compression) 

during transport. Propane uses as a fuel in different 

purposes. There is also a possibility to use as refrigerant in 

air conditioning system.   

After diesel and petrol, the large amount of heat energy is 

produced by the complete combustion of propane. Also, 

propane is known as a cleaner fuel and produces lower 

emission to the environment. So as a result, the propane is 

becoming the third fuel after petrol and diesel to use as a 

vehicle fuel.  

Comparing with the traditional fuel propane is an abundance 

of supply, can be stored at low pressure, offers good safety 

and low cost. Propanol considering as primary alcohol is 

less toxic and less volatile than propane. Propanol producing 
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less amount of undesirable CO and unstable HC during 

combustion process than gasoline fuel (Eduardo & 

Fernando, 2017). 

The performance of an internal combustion engine has been 

ascertained by the calculated energy value with the help of 

the first law of thermodynamic. Energy cannot be destroyed 

but transformed one form to another. But now it was found 

first law of thermodynamic alone cannot explain the all 

phenomenon of combustion process accurately (Kumar et 

al., 2015). It cannot identify the actual potentiality of the fuel 

because of its limitations like not considering the energy 

losses due to irreversible process like combustion, heat 

transfer, mixing of gases etc. so with the help of 1st law of 

thermodynamics alone the potentiality losses due to different 

process/ sources cannot be identified, as a result it hinders 

the further improvement of the total process/ system. For 

this reason, the 2nd law of thermodynamics has been 

extensively used in the field of IC engines. During a process 

or a system analysis in terms of the 2nd law of 

thermodynamics is named exergy or availability analysis. 

Exergy analysis for IC engine system and process proves to 

be very convenient because it highlights the essential 

information about the irreversibility as well as exergy losses 

in the process or system. So, the thermodynamic efficiency 

can be measured, gray areas can be specified and thus 

processes or systems can be designed and functioned to be 

in efficient way (Moran & Shapiro, 2000).  So, exergy 

calculation based on 2nd law of thermodynamics considered 

in this study to overcome this issue. Exergy analysis is an 

appropriate tool for scientists and academics to investigate 

the thermodynamic processes and systems. The 2nd law of 

thermodynamics states that energy has quality and quantity 

as well. By introducing exergy, it provides an alternative 

mean of evaluating and comparing processes and systems 

realistically. Again, the various thermodynamics data for 

alternative fuels like propane and propanol is not available 

in various operating conditions of SI engine. So, considering 

all the issues the present study highlighted the potentiality as 

well as the sources of potentiality losses including different 

thermodynamic data for propane, propanol, and octane fuel 

during the combustion in SI engine. 

Exergy is explained the maximum theoretical work as 

when a system with specific process comes to the 

equilibrium condition with the reference environment. 

System and process contain the amount of exergy depends 

on the degree of systems quality or possible system utility, 

its capability to execute work. Nowadays the exergy 

calculation technique became commonly used in the 

estimation, calculation, design, model and performance 

calculation of thermodynamic process and system. 

As the exergy of a system contain fuel is diminished 

during irreversible processes, the total fuel energy cannot 

be transformed to useful work even during complete 

combustion. In view of this exergy destruction, exergetic 

efficiency offers more realistic measures for calculating the 

effectiveness of the energy conversion system during 

combustion. 

Based on exergy analysis produces an exact amount of real 

performance styles the perfect, and undoubtedly indicates 

the reasons and the sources of systems potentiality reduces. 

Exergy calculation can contribute in refining and 

improving design (Hakan, et. al., 2018 & Juan, et. al. 

2018). However, potentiality of propane, propanol and 

octane fuel in SI engine is still in research investigation, in 

particular, in terms of energy-exergy analysis. Therefore, 

exergy analysis technique is applied in this process like 

compression, combustion, and expansion phases of spark 

ignition engine.  

2. METHODOLOGY 

FORTRAN 95 programming language is used as a based 

program to write the simulation software considering all 

the necessary governing equation. Module wise 

programming for different process like compression, 

combustion, expansion, heat transfer, friction etc. has been 

done to calculate the various results due to different engine 

conditions. Key parameters and boundary conditions are 

also shown in Table 1 and 2.  

In this study, a two-zone thermodynamic-based 

combustion model was developed for Energy – Exergy 

analysis of internal combustion engine (SI). By using 

FORTRAN 95 the governing equations with boundary 

conditions are numerically solved considering 0.1 degree 

CA as unit time step. After the power stroke the estimation 

for a process in a cycle stops when the exhaust valve opens 

and Pe and Te are noted to compute the temperature at the 

beginning of the cycle, TIVC and residual gas fraction, f. 

The computation process is repeated with assessed values 

of residual mass fraction and temperature at inlet valve 

closed until converged solution is attained. 

A. Basic Equations of SI Engine Cycle 
The cylinder volume is the function of crank angle (θ). The 

governing equation (1) of volume is as follows (Ferguson 

& Kirkpatrick, 2001):  

𝑉(𝜃) =
𝑉𝐷

𝑅𝐶−1
+
𝑉𝐷

2
[(
2𝐿𝐶

𝐿𝑆
) + 1 − 𝑐𝑜𝑠 𝜃 − √(

2𝐿𝐶

𝐿𝑆
)
2
− sin2 𝜃  ] (1) 

where, the displacement volume can be expressed as 𝑉𝐷 =
𝜋

4
𝐵2𝐿𝑆 , where, B, Ls, Rc and Lc are bore, stroke length, 

compression ratio and connecting rod length, respectively. 

The infinitesimal change of pressure in cylinder, dp can be 

explained by Eq. (2) (Ferguson & Kirkpatrick, 2001): 

𝑑𝑃(𝜃) = −𝐾𝑃(𝜃) [
𝑑𝑉(𝜃)

𝑉(𝜃)
] + (𝑘 − 1) [

𝛿𝑄𝑛𝑒𝑡(𝜃)

𝑉(𝜃)
] (2) 

where, the specific ratio, 𝑘 = 𝐶𝑝 𝐶𝑣⁄  and 𝛿𝑄𝑛𝑒𝑡(𝜃) =

𝛿𝑄𝑓𝑢𝑒𝑙 − 𝛿𝑄𝑙𝑜𝑠𝑠(𝜃). 

From the 1st law of thermodynamics, it is noted that 

𝛿𝑄𝑛𝑒𝑡(𝜃) = 𝑑𝑈(𝜃) + 𝛿𝑤(𝜃) (3) 

where, 𝛿𝑤 = 𝑃𝑑𝑉  and 𝑑𝑈 = 𝑚𝐶𝑣𝑑𝑇  assuming 𝑃𝑉 =
𝑚𝑅𝑇 for ideal gas.  

The reference data used in this study is stated in Table 1 

(Rakopoulos, 1993). 
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Table 1 
Engine specification (Haq & Morshed, 2013; Rakopoulos, 1993) 

 

B. Wiebe Function as Fuel Burn Profile 
Considering the ideal spark ignition engine cycle, air-fuel 

mixture inside the cylinder never burns instantly rather it 

requires some time and follows a profile or curve which 

can be explained by the Wiebe function (Heywood, 1988): 

𝑦𝑏(𝜃) = {
1 − 𝑒𝑥𝑝[−𝑎(𝜃 − 𝜃𝑠 ∆𝜃𝑏⁄ )𝑏]  𝑖𝑓 𝜃𝑠 ≤ 𝜃 ≤ 𝜃𝑠 + ∆𝜃𝑏     

     
0                                                   𝑖𝑓 𝜃 < 𝜃𝑠 , 𝜃 > 𝜃𝑠 + ∆𝜃𝑏  

 (4) 

where, 𝑦𝑏(𝜃) is the burnt mass fraction at a CA, 𝜃 is the 

combustion start (CA), ∆𝜃𝑏 is the duration of combustion, a 

is Wiebe efficiency factor and b is Wiebe form factor. 

                                                                                                                                                                                                                                                                                                                                                                                                                                         

C. Energy Analysis 
Total heat release from the air-fuel mixture combustion, 

𝛿𝑄𝑓𝑢𝑒𝑙can be written as: 

 

 𝛿𝑄𝑓𝑢𝑒𝑙(𝜃) = 𝑄𝐿𝐻𝑉 . 𝑦𝑠. 𝑑𝑦𝑏. (1 − 𝑓) (5) 

where, 

𝑦𝑠 =
(𝐹 𝐴⁄ )𝑠

(𝐹 𝐴⁄ )𝑠+1
 (6) 

The heat losses from the gases to the cylinder walls, 

𝛿𝑄𝑙𝑜𝑠𝑠, can be determined with a Newtonian convection Eq 

(7): 

𝛿𝑄𝑙𝑜𝑠𝑠(𝜃) = ℎ𝑔(𝜃). 𝐴𝑤(𝜃). [𝑇(𝜃) − 𝑇𝑤].
𝑑𝜃

2𝜋𝑁
 (7) 

Cylinder area Aw (θ) is sum of the cylinder wall, cylinder 

head and piston head area expressed as:  

𝐴𝑤(𝜃) = 𝐴𝑤𝑎𝑙𝑙 + 𝐴ℎ𝑒𝑎𝑑 + 𝐴𝑝𝑖𝑠𝑡𝑜𝑛  

= 2𝑉𝐷 [
1

𝐿𝑠
+
1

𝐵
{(
2𝐿𝑐

𝐿𝑠
) + 1 − 𝑐𝑜𝑠𝜃 − √(2𝐿𝑐 𝐿𝑠⁄ )2 − 𝑠𝑖𝑛2𝜃}] (8) 

The instantaneous heat transfer coefficient, hg(θ) can be 

determined by Woschni correlation (Ferguson & 

Kirkpatrick, 2001) as: 

ℎ𝑔(𝜃) = 3.26[𝑃(𝜃)]
0.8. [𝑈𝑔(𝜃)]

0.8
. 𝐵−0.2. [𝑇(𝜃)]−0.55 (9) 

where, Ug is the characteristic gas velocity and 

proportional to mean piston speed during different process 

of cycle. When pressure rises during combustion then gas 

velocities also increase. As a result, value of Ug is 

calculated by mean piston speed, 𝑈̅𝑝 = 2𝑁𝐿𝑠  & cylinder 

pressure, (P-Pm). Hence, 

𝑈(𝜃) = 2.28𝑈̅𝑝 + 0.00324𝑇0 [
𝑉(𝜃)

𝑉𝐷
] [
𝑃(𝜃)−𝑃𝑚(𝜃)

𝑃0
] (10) 

where, motoring pressure Pm is obtained by using the 

motor for movement of the piston considering without 

combustion or heat release and its value is calculated as: 

(Stone, 1999): 

𝑃𝑚(𝜃) = 𝑃0 [
𝑉0

𝑉(𝜃)
]
1.3

 (11) 

For the clearance volume of inside cylinder there must be 

some residual exhaust remained after the exhaust stroke. 

Fresh air-fuel mixture mixed with this left residual exhaust. 

As a result, temperature of the air-fuel mixture increases 

and volumetric efficiency decreases.  The residual gas 

fraction, f, is defined as the ratio of the mass after exhaust 

stroke (residual gas mass) and the mass when the piston at 

bdc after the intake stroke. The residual gas fraction, f, can 

be calculated as (Ferguson & Kirkpatrick, 2001):   

𝑓 =
1

𝑅𝑐
[
𝑃𝑒

𝑃𝐸𝑉𝐶
]

1

𝑘
 (12) 

For unthrottled engine, considering Pe = atmospheric 

pressure. Hence, temperature at the beginning of the cycle, 

TIVC is correlated with the residual gas fraction, f can be 

calculated as (Ferguson & Kirkpatrick, 2001): 

𝑇𝐼𝑉𝐶 = (1 − 𝑓). 𝑇𝑖 + 𝑓. 𝑇𝑒 . [1 − (1 −
𝑃𝑖

𝑃𝑒
) (

𝑘−1

𝑘
)] (13) 

Now the efficiency of the cycle is defined to compare 

different engine and estimate different improvements 

effects from the perspective of either the first or the second 

law of thermodynamics (Rakopoulos, 1993; 2006).  The 

1st law efficiency which is energy-based is defined as 

(Sezer & Bilgin, 2008; Mizanuzzaman, 2017):  

𝜂𝐼,𝑖𝑛𝑑 =
𝐸𝑛𝑒𝑟𝑔𝑦 𝑜𝑢𝑡 (𝑎𝑠 𝐼𝑛𝑑𝑖𝑐𝑎𝑡𝑒𝑑 𝑤𝑜𝑟𝑘,𝑊𝑖𝑛𝑑)

𝐸𝑛𝑒𝑟𝑔𝑦 𝑖𝑛 (𝑚𝑓 𝑄𝐿𝐻𝑉)
   𝑜𝑟  

 𝜂𝐼,𝑏𝑟𝑘 = 
𝐵𝑟𝑎𝑘𝑒 𝑤𝑜𝑟𝑘,𝑊𝑏𝑟𝑘

𝑚𝑓 𝑄𝐿𝐻𝑉
  (14) 

In this study, brake thermal efficiency is used as 1st law 

efficiency. 

D. Equilibrium Chemical Composition and 
Thermodynamic Properties 

In this analysis, the chemical formula of fuel is considered 

as  𝐶𝛼𝐻𝛽𝑂𝛾𝑁𝛿 . Actual reaction of air (atmospheric 

condition) and fuel at equilibrium condition by volume is 

shown as (Ferguson & Kirkpatrick, 2001): 

𝜖 𝐶𝛼𝐻𝛽𝑂𝛾𝑁𝛿⏞      
𝑓𝑢𝑒𝑙

+ 0.21𝑂2 + 0.79𝑁2 ⏞          
𝑎𝑖𝑟

  

= 𝜈1𝑁2 + 𝜈2𝑂2 + 𝜈3𝐶𝑂 + 𝜈4𝐻2 + 𝜈5𝐶𝑂2 + 𝜈6𝐻2𝑂 + 𝜈7𝐻 +
𝜈8𝑂 + 𝜈9𝑁𝑂 + 𝜈10𝑂𝐻  

The coefficients 𝜈𝑖 (𝑖 = 1,2,3… . )  that describes the 

product composition, ϵ is the molar fuel-air ratio and can 

be calculated by ϵ = 0.21/(α+0.25β-0.5γ). By using atom 

balance and equilibrium constant, number of mole 

numbers and mole fraction of 10 specified products can be 

estimated. NASA polynomials are also used to find out the 

specific heat ratio and Gibbs free energy. Then all other 

Bore dia Stroke length Connecting rod length Start of Combustion Combustion duration Compression ratio 

76.3 mm 111.1 mm 160.0 mm 3300 600 7 
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thermodynamic properties like entropy, enthalpy, internal 

energy etc. can be estimated easily.  

E. Exergy Analysis 
Exergy in a system or total exergy can be divided into two 

parts such as thermomechanical exergy and chemical 

exergy (Wark, 1995). Hereafter, 

𝐸𝑋𝑡𝑜𝑡 = 𝐸𝑋𝑡𝑚 + 𝐸𝑋𝑐ℎ (15) 

When a system goes through reversible process to reach 

the environment state (P0, T0), then the work obtained 

from the system & environment is called the 

thermomechanical exergy. This is the condition of 

restricted dead state condition. Here mixing and chemical 

reaction of the composition of system & environment was 

not considered. In this restricted dead state condition, there 

is a scope to mixing and chemical reaction of the 

composition of system and the environment. If this 

chemical reaction occurs through reversible process, then 

additional work obtained from the system and environment 

is called as chemical exergy. And at equilibrium condition 

this is called unrestricted dead state condition (Kuntesh, et. 

al., 2017). 

Thermomechanical and chemical exergy can be defined as 

(Wark 1995): 

𝐸𝑋𝑡𝑚 = 𝑢 + 𝑃0𝑣 − 𝑇0𝑠 − ∑ 𝑦𝑖𝜇𝑖,0
𝑛
𝑖=1  (16) 

𝐸𝑋𝑐ℎ = ∑ 𝑦𝑖(𝜇𝑖,0 − 𝜇𝑖,00)
𝑛
𝑖=1  (17) 

Here 𝜇𝑖,0 is defined as the chemical potential of i species at 

restricted dead state condition and 𝜇𝑖,00 is defined as the 

chemical potential of i species at unrestricted dead state 

condition.  

The chemical exergy in a system can be divided as the 

following equations: 

𝐸𝑋𝑐ℎ = 𝐸𝑋𝑑𝑖𝑓𝑓𝑢𝑠𝑖𝑜𝑛 + 𝐸𝑋𝑟𝑒𝑎𝑐𝑡𝑖𝑣𝑒  

           = 𝐸𝑋𝑑𝑖𝑓𝑓𝑢𝑠𝑖𝑜𝑛 + 𝐸𝑋𝑜𝑥𝑖𝑑𝑎𝑡𝑖𝑜𝑛 + 𝐸𝑋𝑟𝑒𝑑𝑢𝑐𝑡𝑖𝑜𝑛 (18) 

Normally exergy in a system like internal combustion 

engine (SI) uses or losses as work, heat transfer, exhaust 

gas from cylinder and destructed causes of combustion of 

air-fuel mixture (irreversibility).  Here equations (19-21) 

show the fuel exergy and exergy uses as work and loses as 

heat transfer: 

Fuel exergy: 

𝐸𝑋𝑓𝑢𝑒𝑙 = −(∆𝑔)𝑇0,𝑃0   (19) 

Exergy transfer as work: 

𝐸𝑋𝑤 = ∫𝛿𝑤 = ∫𝑃𝑑𝑣 (20) 

Exergy transfer as heat: 

𝐸𝑋𝑄 = ∫(1 − 𝑇0 𝑇⁄ )𝛿𝑞  (21) 

In the present study the following definition is used for 

second law efficiency (Sezer & Bilgin, 2009; 

Mizanuzzaman, 2018): 

𝜂𝐼𝐼 =
𝐸𝑥𝑒𝑟𝑔𝑦 𝑜𝑢𝑡 (𝑎𝑠 𝑤𝑜𝑟𝑘)

𝑀𝑎𝑥𝑖𝑚𝑢𝑚 𝑒𝑥𝑡𝑟𝑎𝑐𝑡𝑎𝑏𝑙𝑒 𝑒𝑥𝑒𝑟𝑔𝑦 (𝑎𝑠 𝑤𝑜𝑟𝑘)
  

      =
𝑊𝑖𝑛𝑑

𝑊𝑚𝑎𝑥
= 

𝑊𝑖𝑛𝑑

𝑊𝑖𝑛𝑑+𝐼
 (22) 

With the above discussion it can be concluded that the 

second law efficiency provides a better thoughtful of 

performance than the first law efficiency. Moreover, the 

second law efficiency stresses both exergy losses due to 

the dealing with irreversibility to improve performance. 

F. Friction Calculation 
For estimating the efficiency of a Spark Ignition engine, 

friction calculation is one of the requirements. Friction is a 

totally irreversible process. It will reduce the exergy of a 

system as well as the potentiality to do the work. There are 

several ways to calculate the friction. All governing 

equation and calculation described in ref (Bishop, 1964; 

Mizanuzzaman, 2012; Mizanuzzaman, 2013), the total 

friction is occurred in various parts in SI engine, that is: 

𝑇𝑜𝑡𝑎𝑙 𝐹𝑟𝑖𝑐𝑡𝑖𝑜𝑛 𝐿𝑜𝑠𝑠 = 𝐹𝑟𝑖𝑐𝑡𝑖𝑜𝑛 𝑙𝑜𝑠𝑠𝑒𝑠 𝑖𝑛 ( 𝑝𝑖𝑠𝑡𝑜𝑛 +
𝑣𝑎𝑙𝑣𝑒 𝑡𝑟𝑎𝑖𝑛 + 𝑐𝑟𝑎𝑛𝑘 𝑠ℎ𝑎𝑓𝑡 + 𝑝𝑢𝑚𝑝𝑖𝑛𝑔 + 𝑎𝑐𝑐𝑒𝑠𝑠𝑜𝑟𝑦)  

3. RESULTS AND DISCUSSION 

Energy and exergy analysis together gives a better result 

regarding the performance of a system. Recently exergy 

analysis became popular and essential tools for simulation 

and performance analysis of an internal combustion engine 

(SI). 

The energy-exergy distribution for stoichiometric propane, 

propanol and octane fueling with efficiency in different 

processes of spark ignition engine at three different speeds 

have been shown in Figures 1 & 2. Furthermore, maximum 

inside cylinder temperature has been shown in Figure 3. 

Energy balance calculation does not consider the exergy 

losses due to irreversibility and degradation of its quality. 

But this irreversibility can play an important role in further 

performance improvement design.  

Engine speed variations have been given few important 

observations. Heat transfer from the cylinder becomes less 

due to less time for it by increasing engine speed. So, at 

higher engine speed the remaining energy makes the 

exhaust temperature increasing because of higher loss of 

exhaust energy. Again, at higher engine speed provides 

lower heat transfer exergy losses and higher exhaust 

exergy to atmosphere. Few important parameters like 

adiabatic temperature, LHV, maximum temperature & 

pressure of three fuels are also validated (Haq & Morshed, 

2013; Simeon & Kiril, 2012). However, work done, and 

work potential are comparable in various speeds and 

compression ratio shown in Table 2. 
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Table 2 
Energy-Exergy Distribution (%) 

 

Figure 1 shows the amount of energy and exergy in 

different process for propane is a little different than other 

fuels. Because of modest molecular structure and better 

mixing and combustion propane air mixture combustion 

produced a bit less generation of irreversibility. At present 

study, due to high combustion temperatures, maximum 

exergy contained in fuel is lost due to transfer of heat and 

as exhaust gases. Considering octane and propanol, 

propane showed moderately better results as of lower 

exergy loss (exergy unavailable) with irreversibility and 

higher work exergy. Work exergy and heat transfer for 

propanol were similar trend of conventional octane fuel. 

Few important observations by using three different fuels 

such as propane, propanol and octane are as follows: 

At 2000 rpm, fuel energy of 35.88 to 36.56% is converted to 

useful work, and at 6000 rpm the energy percentages of 

37.34 to 38.11% is converted to useful work at compression 

ratio 8. 

At 2000 rpm, fuel energy losses are 15.32 to 16.01% and 

9.74 to 10.20% at 6000 rpm, respectively due to heat 

transfer. On the other hand, at 6000 rpm, associated fuel 

exergy losses are 8.04 to 8.53% and 12.63 to 13.37% at 

2000 rpm, respectively at compression ratio 8. 

At 2000 rpm, fuel energy of 34.01 to 35.08% is lost with 

exhaust gases, whereas, at 6000 rpm, 36.63 to 37.79% 

losses are found. Similarly, exergy losses are found as 

16.95 to 17.82% at 2000 rpm and 18.81 to 19.79% at 6000 

rpm, respectively with exhaust gases at compression ratio 

8. 

Energy losses are found as 3.54 to 3.66% due to friction at 

2000 rpm and 8.89 to 9.2% at 6000 rpm, respectively at 

compression ratio 8. It is noted that exergy losses with 

friction are nearly same as energy losses. However, fuel 

exergy is demolished of 29.18 to 31.87% at 2000 rpm 

because of irreversibility and 25.07 to 27.94% at 6000 rpm 

when compression ratio is 8. 

It is found that as engine speed increases, the work output, 

energy/exergy exhaust loss and friction loss are increased. 

But at the same time losses for heat transfer and 

irreversibility's (when considering exergy of fuel) are 

decreased. 

 

Fuel Rc rpm 
Energy 
work 

Energy 
heat 

Energy 
exhaust 

Energy 
friction 

Energy 
unaval 

1st 
law η 

Exergy 
work 

Exergy 
heat 

Exergy 
exhaust 

Exergy 
friction 

Exergy 
unaval 

2nd 
law η 

C3H8 

8 

2000 36.56 16.01 35.08 3.66 8.70 36.56 36.03 13.37 17.82 3.61 29.18 57.59 

4000 37.69 11.84 37.02 5.99 7.47 37.69 37.14 9.90 19.22 5.90 27.84 60.72 

6000 38.11 10.20 37.79 9.20 4.70 38.11 37.55 8.53 19.79 9.06 25.07 65.03 

12 

2000 39.12 19.32 30.08 4.13 7.36 39.12 38.55 16.01 14.40 4.07 26.97 61.24 

4000 41.00 13.92 32.38 6.43 6.27 41.00 40.41 11.55 16.00 6.34 25.70 64.52 

6000 41.71 11.81 33.30 9.69 3.50 41.71 41.10 9.80 16.65 9.55 22.90 68.86 

C3H8O 

8 

2000 35.88 15.32 34.22 3.54 11.05 35.88 35.04 12.63 17.01 3.46 31.87 54.71 

4000 36.95 11.31 36.08 5.79 9.88 36.95 36.08 9.34 18.33 5.65 30.60 57.70 

6000 37.34 9.74 36.93 8.89 7.20 37.34 36.47 8.04 18.86 8.69 27.94 61.78 

12 

2000 38.47 18.45 29.34 3.99 9.75 38.47 37.57 15.10 13.73 3.90 29.70 58.27 

4000 40.25 13.27 31.54 6.22 8.71 40.25 39.31 10.87 15.24 6.07 28.51 61.42 

6000 40.92 11.25 32.42 9.37 6.04 40.92 39.96 9.21 15.84 9.15 25.83 65.53 

C8H18 

8 

2000 35.95 15.44 34.01 3.55 11.05 35.95 35.08 12.74 16.95 3.46 31.77 54.81 

4000 37.04 11.40 35.88 5.80 9.87 37.04 36.14 9.42 18.27 5.66 30.50 57.81 

6000 37.44 9.81 36.63 8.92 7.20 37.44 36.53 8.11 18.81 8.70 27.85 61.90 

12 

2000 38.51 18.59 29.14 4.00 9.76 38.51 37.58 15.22 13.67 3.91 29.63 58.34 

4000 40.32 13.37 31.35 6.23 8.73 40.32 39.34 10.96 15.18 6.08 28.44 61.50 

6000 40.99 11.33 32.23 9.40 6.05 40.99 40.00 9.29 15.79 9.17 25.76 65.62 
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Figure 1: Energy and Exergy distribution for Propane, Propanol and Octane (stoichiometric condition) at different rpm and 

compression ratios, (a) C3H8, Rc=8; (b) C3H8, Rc=12; (c) C3H80, Rc=8; (d) C3H80, Rc=12; (e) C8H18, Rc=8; (f) C8H18, Rc=12 

Figure 2 indicates the 1st and 2nd law efficiencies, 

depending on compression ratio and rpm. Trend of 1st and 

2nd law efficiencies are usual and similar trend for 

compression ratio and rpm. It is found that 1st law 

efficiency for propane is slightly greater than other two 

fuels with various engine rpm and compression ratios. 1st 

law efficiency for octane and propanol is nearly same for 

different engine speed and compression ratios. 1st law 

efficiency found increased for all the fuels while increasing 

engine speed and compression ratios. For similar trend of 

first law efficiency, second law efficiency also found 

increased for all fuels while increasing engine speed and 

compression ratio. Propanol and octane show the similar 

trend and value for second law efficiency. Figure 3 shows 

the comparison of maximum inside cylinder temperature at 

different rpm and compression ratios. It was found that 

maximum temperature increases with increasing rpm but 

decreasing when compression ration increases. For 

propane, total irreversibility (friction plus unavailable 

exergy) is minimum or less than other two fuels and this 

value also increase with rpm but slightly decrease with 

compression ratio. There is a more scope to reduce the 

total irreversibility and so to increase the performance for 

propanol and octane. Normally compression ration 

increases the potentiality of the gases or liquid used in SI 

engine, at the same time it also increases the 1st law and the 

2nd law of thermodynamics. In this study it was found that 

the potentiality of propane is greater than the octane and 

propanol. It is also found that with considering the concept 

of irreversibility, the potentiality of gases or liquid losses 

during combustion and mixing of gases inside the cylinder. 

Similarly, another finding is that by increasing the rpm, the 

exergy-energy of gases or liquid decreases by heat transfer 

and it also increases the irreversibility as well as the 

incompleteness of combustion. In this study it is also found 

that the cylinder temperature made by propane is 

maximum than octane and propanol.  

(a) (b) 

(c) (d) 

(e) (f) 
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Figure 2: 1st law and 2nd law efficiency of Propane, Propanol, and Octane  
at different rpm and compression ratios, (a) to (i) 

 

      

Figure 3: Comparison of maximum inside cylinder temperature for propane, propanol and octane at different rpm and 
compression ratio (considering stoichiometric mixture), (a) Rc = 8, and (b) Rc = 12 

(a) (b) (c) 

(d) (e) (f) 

(g) (h) (i) 

(a) (b) 
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4. CONCLUSIONS 

Energy and exergy analysis of SI engine are the important 

thermodynamic tools for finding better energy distribution. 

Irreversible process reduces the exergy of a system and 

leads to the inefficiency of the system. It is because of 

mainly for combustion process. The exhaust gas and heat 

transfer are also causing for exergy losses but in decreasing 

order. It is found that energy and exergy analysis together 

give a better and more accurate answer for the comparison 

of different fuels. However, the specific conclusions from 

the present study are: 

a. At 2000 rpm, 35.88 to 36.56% of energy contained 

with fuel is converted to useful work, and the figure 

changes to 37.34 to 38.11% in case of 6000 rpm at 

compression ratio of 8. 

b. Energy loss is found due to heat transfer from 15.32 

to 16.01% and 9.74 to 10.20% at 2000 and 6000 

rpm, respectively. However, associated exergy 

losses are found as 12.63 to 13.37% and 8.04 to 

8.53% at 2000 and 6000 rpm, respectively at 

compression ratio of 8. 

c. Energy loss with exhaust is found as 34.01 to 

35.08% and 36.63 to 37.79% at 2000 and 6000 rpm, 

respectively. Consecutively, exergy loss with 

exhaust is 16.95 to 17.82% and 18.81 to 19.79% at 

2000 and 6000 rpm, respectively at compression 

ratio of 8. 

d. Energy loss due to friction is found as 3.54 to 

3.66% and 8.89 to 9.2% at 2000 and 6000 rpm, 

respectively, at compression ratio of 8. Exergy 

losses with friction are found nearly as the same 

value as energy losses. Similarly, exergy contained 

with fuel is destroyed due to irreversibility as 29.18 

to 31.87% and 25.07 to 27.94% at 2000 and 6000 

rpm, respectively, at compression ratio of 8. 

The outcomes of present study provide the significance of 

energy-exergy based analyses to identify the potentiality of 

individual fuel and the sources of work potential losses in 

different process in the spark ignition engine. 

5. NOMENCLATURES 

𝐸𝑋𝑐ℎ Chemical Exergy (kJ/kg-mix) 

𝐸𝑋𝑄 Exergy associated with heat transfer (kJ/kg-mix) 

𝐸𝑋𝑡𝑚 Thermomechanical Exergy (kJ/kg-mix) 

(
𝐹

𝐴
)
𝑠
 Stoicchiometric fuel-air ratio 

𝐸𝑋𝑓𝑢𝑒𝑙 Fuel Exergy (kJ/kg-mix) 

𝐸𝑋𝑤 Exergy associated with work interaction (kJ/kg-mix) 

𝑦𝑠 Fuel mass fraction in stoichiometric mixture 

𝑅𝑐 Compression Ratio 

𝑁 Engine Speed, rpm 

∆𝑔 Change of Gibbs energy (kJ/kg-mix) 

𝜇𝑖,0 Chemical potential restricted equilibrium with 

environment 

𝜇𝑖,00 Chemical potential unrestricted equilibrium with 

environment 

𝑇𝑤 Cylinder wall temperature 

Lc Connecting rod length 

𝐿𝑠 Stroke length 

𝑓 Residual gas fraction 

𝑉𝐷 Displacement volume 

I Total Irreversibility 
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