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Abstract— In this experimental study, the main objective 

was to carry out exergy analysis of diesel fuel, diesel-

camphor oil blend and diesel-eucalyptus oil blend as a fuel 

in diesel engine at various engine loads. This work discusses 

a method of estimating the availability destructions and 

exergetic efficiency of combustion for the fuel used. Several 

engine parameters such as specific fuel consumption, brake 

thermal efficiency, exergy efficiency were investigated. The 

results indicated that the exergy efficiency was increased by 

5% for C20 and 4% for E20 as compared to neat diesel due 

to increase in exhaust gas temperature. In neat diesel fuel, 

unsaturated hydrocarbons are associated with lower 

availability destruction, they resulted in poor exergetic 

efficiency as a significant fraction of the fuel availability is 

lost in the products. The exergy analysis was done by 

coupling first law of thermodynamics and second law of 

thermodynamics. 
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I. INTRODUCTION 

Global warming, environmental pollution and limitations in 

conventional energy resources drive us toward 

environmentally friendly renewable resource and their 

efficient utilization. Therefore there is a great deal of 

interest and research on both alternative energy resource and 

their efficient use. The second law of thermodynamics is the 

tools to assess the effective and efficient use of energy. 

  Internal combustion engines are a significant part 

of energy utilization. They are used in both vehicles and 

cogeneration plants for electrical power generation. Today, 

Internal Combustion Engines run, not only on conventional 

fossil fuels but also on alternative, renewable fuels such as 

biodiesel, biogas, hydrogen and with blends. The 

performance and efficiency of internal combustion engines 

can be increased by newer technology such as combustion 

control systems, thermal insulation and exhaust 

recuperation. In this regard the exergetic efficiencies of 

internal combustion engines fuelled with alternative fuels 

are very important. Biodiesel is an environmental friendly, 

alternative diesel fuel obtained from vegetable oils and 

animal fats. Biodiesel and its blends with conventional 

diesel fuel can be used in diesel engines without significant 

modification on the engine.     

Exergy is defined as the maximum theoretical work 

that can be obtained from a system as it comes to 

equilibrium with a reference environment. The exergy 

content of a natural material input can be interpreted as a 

measure of its quality or potential usefulness, its ability to 

perform work. In recent years the exergy analysis method 

has become widely used in the design, simulation and 

performance assessment of thermal systems.  

As the availability (the ability to do useful work) of 

the fuel is destroyed during irreversible processes, the entire 

fuel energy cannot be converted to useful work even when 

combustion is complete. By accounting for this availability 

destruction, the exergetic efficiency provides more realistic 

criteria for evaluating the effectiveness of the energy 

conversion during combustion and for ranking fuels.  

Researchers have conducted several studies of 

where losses occur in engines and methods to increase 

performance based on the second law of thermodynamics. 

Caliskan et al.
[1]

 (2010) reviewed exergetic analysis and 

assessed various types of engines. In another study, Caliskan 

et al.
 
studied effect of the dead - state temperatures on the 

exergetic efficiencies of engines. Caton et al.
[9]

 (2000) 

investigated exergy analysis using the second law of 

thermodynamics to study internal-combustion engines. 

Canakci et al.
[8] 

(2006) presented a comparative energy and 

exergy analyses of a four-cylinder turbocharged diesel 

engine fuelled with various biodiesel and No. 2 diesel fuel.  

An investigation of the influence of fuels on exergetic 

efficiency gained significance considering the fact that 

combustion is the major source of irreversibilities in power 

plants as well as in internal combustion engines. In IC 

engines, combustion accounts for more than 90% of the total 

in cylinder irreversibilities and destroys about 20% to 30% 

of the fuel availability at full load conditions. Apart from 

this, the expulsion of the product gases into the atmosphere 

causes a loss of the reactive availability of combustible 

species like H2 and CO. 

II. NOMENCLATURE 

Ėx     Exergy rate (kW) 

h     Specific enthalpy (kJ/kg) 

L.H.V       Lower heating value (kJ/kg) 

ṁ              Mass flow rate (kg/s) 

Qloss    Heat transfer rate on cooling air (kW) 

Q   Heat transfer rate (kW) 

R    Ideal gas constant (kJ/kgK) 

s   Specific entropy (kJ/kgK) 

Ṡ    Entropy production rate (kW/K) 

T    Temperature (
0
C or K) 

t    Time (s) 

T    Torque (Nm or kN mm) 

Ẇ    Work rate or power (kW) 

y    Mole fraction (%) 

Ẇc                 Work rate by the system 

m fuel    Mass flow input rate  

Ʃ fuel   Specific exergy including  

                 chemical exergy of fuel  

ai         Molar amount of components  in 

                 exhaust gases  

Greek Letters 

ε     Specific flow exergy (kJ/kg) 

Ψ     Exergetic efficiency (%) 

η    Brake thermal efficiency (%) 

φ      Chemical exergy factor  
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III. DESCRIPTION 

A 1500rpm, four stroke, air cooled, vertical mount piston 

type engine was used for the study. The loading is by means 

of an electrical dynamometer. The tank is connected to 

graduated burette to measure the quantity of fuel consumed 

in unit time. An orifice meter with U-tube manometer is 

provided along the air on the suction line for measuring air 

consumption. An AVL415 smoke meter is provided for 

measuring FSN of exhaust gases. The test rig is installed 

with AVL software for obtaining various curves and result 

during operation. A five gas analyzer is used to obtain the 

exhaust gas composition. 

All emissions like Carbon monoxide, Carbon 

dioxide, Un-Burnt Hydrocarbons, Nitrogen oxide and 

unused oxygen are found with the help of five gas emission 

analyzer. In this setup, one end of the cable is connected to 

the inlet of the analyzer and the other end is connected at the 

end of the exhaust gas outlet.  

Continuous charging of the analyzer is essential for 

effective working of the setup.   The measuring method is 

based on the principle of light absorption in the infrared 

region, known as ―non-dispersive infrared absorption‖. The 

broadband infrared radiation produced by the light source 

passes through a chamber filled with gas, generally methane 

or carbon dioxide. This gas absorbs radiation of a known 

wavelength and this absorption is a measure of the 

concentration of the gas. 

Make Kirloskar AV 1 model 

Type of Engine 

Vertical, 4-Stroke cycle, single 

acting, High speed, DI, diesel 

engine. 

Number of Cylinder One 

Speed 1500rpm 

Maximum power 

output 
4.4 kW 

Bore 87.5mm 

Stroke 110mm 

Cubic Capacity 0.553 liters 

Compression ratio 17.5:1 

Lubrication Forced Full Pressure lubrication 

Type of cooling Air cooled 

Table 1: Specification of the Engine 

IV. EXPERIMENTAL SETUP 

 

Fig. 1: Experimental Setup 

V. EXERGY CALCULATION 

A. Net Exergy Work Rate: 

  Exin   =  ṁ fuel Ʃ fuel  

  ṁ fuel  =  mass of fuel in kg/min 

  Ʃ fuel  =  Hu φ  

  Hu  =  L.H.V  =  44500 kJ/kg  

  Chemical exergy factor  

  φ  =  [ 1.0401 + 0.1728 h/c + 0.0432 o/c + 0.2169   a/c ( 1 - 

2.0628 h/c ) ] 

  h   →  mass fractions of hydrogen in the fuel                            

  c   →  mass fractions of carbon in the fuel 

  o   →  mass fractions of oxygen in the fuel 

  a   →  mass fractions of sulphur in the fuel  

B. Specific Thermomechanical Exergy of Exhaust Gases: 

Ʃtm   =  (h – h0) – T0 (s – s0) 

Exhaust gases =  CO2, CO, O2 

C. Chemical Exergy of Exhaust Gases: 

ech   =   R T0 Ʃ ai ln ( yi / ye ) 

D. Heat Carried Away By Exhaust Gases: 

Qg  =   mg Cpg (Texh – To) 

E. Net Work Output: 

Thermal Efficiency  =     W/Qf 

                        (or) 

  Thermal Efficiency=     W/m*L.H.V 
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F. Exhaust Loss From The Engine 

Q ex =  ∑ ni Cpi (Texh – T0) 

G. Exergy Lost Rate Through Heat 

E ca =   (1 – T0 / Tca) Qloss 

H. Exhaust Exergy Rate  

Ex exhaust   =    Ʃmi  [ Ʃtm  +  Ʃch ] 

I. Specific Flow Exergy Of A Fluid Stream         

e ex  =  e th + e ch 

J. Exergetic Efficiency  

Ψ   =    Exout / Exin 

VI. RESULTS AND DISCUSSION 

A. Specific Fuel Consumption (SFC): 

Figure 1 shows the experimental results of the SFC with the 

engine load variation, when the engine fuelled by diesel and 

different diesel blends. At high engine speeds, the 

differences between SFC values of fuel blends become 

smaller due to the short combustion period in spite of the 

increased fuel amount. In other words, camphor oil and 

eucalyptus oil content increase in the fuel blends leads to an 

oxygen increase because of its oxygen atoms in its 

molecules. By excess oxygen and fast burning molecules in 

diesel blends, combustion temperature increases. All these 

factors affect combustion in a better way. As a result of this, 

SFC values of diesel blends become closer to pure diesel 

fuel SFC at high engine speeds. 

B. Brake Thermal Efficiency: 

BTE indicates the ability of the combustion system to accept 

the experimental fuel and provides comparable means of 

assessing how efficiently the energy in the fuel was 

converted to mechanical output. Figure 2 shows the BTE of 

various test fuels at several loading conditions. From the 

previous discussion, it could be concluded that, as the 

camphor oil and eucalyptus oil amount increases in the fuel 

blends, the SFC increases, because the LHV value of the 

blend decreases. The trend of the graph shows that the 

thermal efficiency increases with an increase in engine load. 

The high thermal efficiency of 21.08% was observed for 

diesel engine with camphor oil-diesel blends at high load. At 

medium load, the diesel engine fuelled with diesel alone 

produces the lowest thermal efficiency compared to 

different diesel blends 

C. Exergetic Efficiency: 

Figure 3 shows the exergetic efficiency of various test fuels 

at several loading conditions. The trend of the graph shows 

that the exergetic efficiency increases with an increase in 

engine load. This is due to as load increases during engine 

operation; the rich fuel mixture increased the combustion 

temperature. Therefore, increased work availability and 

reduced heat transfer availability losses were obtained, as 

percentages of the fuel chemical availability. From this, an 

increase in the exergetic efficiency resulted at higher loads 

for all the tested fuels. In case of diesel blends at higher 

loads the exergetic efficiency improves significantly than 

compared to lower loads due to the improved combustion of 

diesel blends at higher load and decreased ignition delay. 

Because of the improved combustion of diesel blends at 

higher loads, the exhaust gas availability was increased. The 

highest exergetic efficiency of 19.77% was observed for 

diesel engine with camphor oil-diesel blends at high load. 

Injection pressure - 200 bar 

Injection timing - 23° 

 
Fig. 1: Variation of Specific Fuel Consumption with Engine 

Loads 

Injection pressure - 200 bar 

Injection timing - 23° 

 
Fig. 2: Variation of Brake Thermal Efficiency with Engine 

Loads 

Injection pressure - 200 bar 

Injection timing - 23° 

 
Fig. 3: Variation of Exergetic Efficiency with Engine Loads 
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VII. CONCLUSION 

The exergy analysis of a 1500rpm, four stroke, air cooled, 

vertical mount piston type engine using the fuels of neat 

diesel, camphor oil – diesel blends, eucalyptus oil – diesel 

blends have been performed. The steady-state tests for each 

fuel type were conducted by varying the engine load. 

Afterwards, the exergy rate balance for each test were 

determined using experimental data. Finally, various 

exergetic performance parameters of the engine were 

evaluated and compared with each others.  

The conclusions we obtained from this experiment are: 

1) High engine speeds cause a more heterogeneous 

mixture and a boosted turbulence in the combustion 

chamber, almost all exergetic performance 

parameters increase with increasing engine load. 

2) The system inefficiency is mainly caused by the 

exergy destruction due to the irreversible processes 

such as combustion. The exergy losses due to the 

exhaust gas and heat flow from the control volume 

are other contributors to inefficiency. 
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