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1. Introduction

Nowadays, energy sources are among the main issues in the world. Gradual depletion of energy
sources has been increased due to the increasing demand for energy. Fossil fuels are among the
most important energy sources that have a large share for demand. Alternative fuels have used to
gradually replace fossil fuels. Various fuel types such as hydrogen, biogas, biodiesel, and their
blends have been used in engines as an alternative fuel in order to achieve better engine
performance and lower fuel consumption [1-5]. Biodiesel is one of the various alternative fuels that
considered as the most suitable fuel for combustion engines [3]. There are numerous studies on
using biodiesel as alternatives fuels, which revealed similarity in properties for both diesel and
biodiesel, for instance, calorific value, cetane number, liquid nature, readily availability and
renewability. Moreover, these studies indicated there are undesirable properties such as lower
volatility and high viscosity [4].
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Several types of vegetable oils have been used as alternatives fuels in combustion engines [6-
11]. The emissions and performance of an internal combustion engine that fuelled with biodiesels
have studied based on the first law of thermodynamics. Decreasing the fuel consuming fuel and
raising efficiency is the aim of most studies. Therefore, the characteristic of a compression ignition
engine should be studied in more detail than measuring only the specification of emission and
performance. Researchers have found that the analysis of internal combustion based on the first
law of thermodynamics is not enough due to ignoring irreversibility processes that cause the losses
in the systems. These losses and its location in the diesel engines can be considered in exergy
analysis that based on the second law of thermodynamics [12]. Exergy is defined as the maximum
useful work that obtained for a system when its equilibrium occurs with reference dead state [13].
The energy and exergy analyses are essential for improving the performance of the diesel engine as
well as to redesign new engines with higher performances. Thereby, several studies have dealt with
performance, emissions optimization, and improvement of engines based on the exergy analysis.

Alkidas [14] examined experimentally the exergy and energy balances to a compression ignition
engine. They found that the combustion process and heat transfer were the most main sources of
irreversibility. Rakopoulos et al., [15] introduced an investigation for the destruction of exergy in a
diesel engine based on experimental data. Canakci and Hosoz [16] introduced a comparative
investigation for energy and exergy analyses of a diesel engine. They observed that the exergy
losses were associated with exhaust gases, combustion, and heat transfer. Azoumah et al., [17]
investigated the effect of palm and cotton oils — diesel blends on the performance under exergy
analysis conditions. They found that the exergy analyses are a very important tool for calculating
the optimum loads that can be supplied by diesel engines. They revealed that heavy fuels has
higher entropy compared with light fuel. Tat [18] found that the exergetic efficiency of engine
increase with the increase in cetane number and delay period. Santos et al., [19] indicated that the
performance of the diesel engine decreases with using sunflower as an alternative fuel. Agikkalp et
al., [20] studied the performance of the engine using sunflowers fuels. They found that the exergy
destruction decreases with a decrease in the engine speed and the behavior of performance of the
engine has closer to that of the pure diesel.

Yamik [21] reported that sunflower methyl and ethyl ester can be used as fuels in diesel engines
because he found that the performance of the engine with using sunflower methyl was similar that
of the pure diesel. Meisami and Ajam [22] found that exergy destruction increases with using
biodiesels in their experimental study of the engine performance at various biodiesel blends.
Aghbashlo et al., [23] introduced an exergy analysis using 5% biodiesel blends. They revealed that
exergy factors depend on engine speed and load. They also found that the exergetic efficiency
depends on engine speed. Yamin et al., [24] dealt with the influence of the cooking — oil and regular
diesel on the performance of the diesel engine. They found that the performance of the engine that
fueled with regular diesel fuel was higher than that of biodiesel fuel at high engine speeds.

The findings of previous studies associated with the exergy and energy analysis of biodiesel fuel
in diesel engines indicated that the exergy analysis remarkably has a significant effect on improving
engines. Moreover, biodiesel fuel is an attractive alternative for fuel that shares decreasing the
depletion of energy sources. In all previous studies, despite considerable studies that examine the
various types of biodiesel fuel types in diesel engine, there are types of biodiesel and its percentage
blends with pure diesel have not yet been studied extensively under exergy and energy analysis. As
distinct from the other previous studies, energy and exergy analysis were considered to analyze the
guality and quantity of a diesel engine, which fuelled with 8% corn oil -92% diesel and 15% corn oil
— 85% diesel. In this manner, the effects of the various percentage of diesel — corn oil blends on the
energy distribution, energetic efficiency, energy losses rate, and exergy destruction rate can be
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observed, i.e., the performance of the engine. Therefore, the aim of the study is to indicate the
effect of various percentage of diesel — corn oil blends on engine performance under exergy and
energy analysis. The structure of this paper includes the description of the fuel preparation, engine
test, mathematical model, results and discussion. The results of heat loss rate, output power,
exhaust energy rate, exhaust exergy rate, exergy power, exergy destruction and exergy rate
through heat transfer were calculated, and the results were introduced by comparing each of
exergy and energy parameters.

2. Engine Setup

In this work, 8% corn oil- 92% diesel blends (CB8) and 15% corn oil- 85% diesel (CB15) blends
beside of the reference diesel were used. All types of fuels were prepared in the research
laboratories and quality control of north Refineries Company. The properties of the diesel — corn oil
blends and conventional diesel as shown in Table 1.

Table 1

Properties of the tested fuels

Test CB15 CB8 Conventional diesel
Specific gravity @ 15.6 °C  0.8653 0.8512 0.8337

Color 1.0 1.0 1.0

Flash point °C 71 69 63

Pour point -3 -3 -3

Viscosity (CST)@40°C 3.81 3.65 2.98

Cetane 50.98 51.87 56.38

The properties of fuels types were calculated inside the laboratory by passing it through a series
of tests that involve color test, flash point, distillation, viscosity, Cetane number, specific weight
and pour test. The specific weight of the fuel sample was performed using manometer, which
based on the American Petroleum Institute (API).

APl = (141.5/5g)-131.5 (1)

where Sg is specific gravity. Lovibond Tint meter was used to measure color. The cetane number
was measured for diesel — corn oil blends which were lower than that of pure diesel. The viscosity
of all fuel types was also measured. It found that the viscosity for the pure diesel fuel is lower than
of that diesel — corn oil blends. The flashpoint, viscosity test and pour test was carried out. The
exergy and energy analysis were performed for four-stroke TD111 engine fueled with diesel — corn
oil blends. The main specification of the engine as shown in Table 2.

TD115 a hydraulic dynamometer was coupled with a test to measure the load control and
engine torque. Moreover, TD114 instrumentation unit was used to measure many parameters.
Consumption box viscous that was used to measure the air mass flow of the engine which was fixed
with TD114 instrumentation. Calibrated glass tube and stopwatch were used to measure the mass
flow rate of the fuel. Type K thermocouples were used to measure the exhaust gases, inlet and
outlet temperatures. Tachometer type Movistrobe was utilized to measure the engine speed. The
schematic of the experimental set up is shown in Figure 1. Gas analyzer TD 156 was used to analyze
the exhaust gases.
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Table 2

Specification of the used engine
Type of engine TD111 single cylinder
The No of stroke 4- stroke
bore 70mm
Stroke 60mm
Displacement 230 CC
volume

Compression ratio 21:1
Mechanical 81%
efficiency

Max. speed 3600 R.P.M
Max. power 3.5 kW

All the test of the engine was measured for the engine speeds 500 to 3000 r.p.m with an

increment of 500 rpm. The tests were conducted for a sufficient amount of time to consume all the
fuel from the previous test in order to start running the engine with a new type of fuel. Moreover,
it was conducted the test until achieving the stabilizing of the conditions before the factors were a
measure to achieve the accuracy for data test of the fuels. These procedures were repeated for all
the fuel types. The exergy and energy analysis of the engine was performed based on the
abovementioned measurement for all fuels types under similar condition.

Instrumentation unit-

TD114 Fuel
Exhaust gases / /

4 .
Gas analyzer / / A air

TD156 /

Water in )
5 Hvdra”"ct TD111 Engine
= Water ynamometer test

TD115

Ile"lﬂ

Fig. 1. Schematic diagram of the experimental setup

3. Engine Model for Energy and Exergy Analysis

While the energy analysis was carried out based on the first law of thermodynamics, the exergy

analysis was based on the second law of thermodynamics. The schematic diagram of the engine
balance was plotted to understand the energy balance of the test engine as shown in Figure 2. The
air and fuel enter into the engine before mixes inside the combustion chamber. Before starting
with exergy and energy analysis, assumptions were considered to simplify the calculations.

The gas mixture of all fuel types is an ideal gas.

It was ignored the kinetic and potential energy of the exhaust gases and fuel mixtures [25].
The reference environment conditions were assumed as in Reference with pressure Pp=1
atm and temperature Tp=25 °C.

The energy losses rate of the engine and heat loss exit the control volume at a constant rate.
The combustion is complete and the exhaust gases are exit the control volume at pressure
Pp and temperature Tp.
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vi.  The useful output of the engine is brake power.

vii.  For both energy and exergy analyses, the engine was a steady-state open system.
Heat out ‘ ‘ Exhaust

s e | 1
Fuel I |
—_—l 1

1| Engine 1 Output power

| | ——

I 1
Air I I
= |

Fig. 2. Schematic the control volume of the engine test
The mass balance for the test engine as follows
D Mip = D Moyt (2)

where m;,, and m,,,; are the mass flow rate of the inlet and outlet respectively. The energy balance
of the test engine was calculated as

Q -W = X Mout Rour — X Min hin (3)
where Q and W are heat input rate and net work rate (output power) respectively while hyye and

h;, are outlet and inlet specific enthalpy rate. The input energy (E') was fuel energy that can be
calculated based on the lowering heating value of fuel (Hu) and a mass fuel rate (1y,,;) as follows

E = mfuel- Hy (4)

The output power was calculated based on the torque (T) and angular velocity of the engine
w (rad/s) as the following

W =Tuw (5)
The losses energy (Q ;,ss) from the system to the environment can be calculated as follows

Q 1oss = Eruer — (W + Qexn) (6)
where E'fuel is fuel energy rate. The rate of energy through the exhaust gases is defined as

Qexn = X Moye A hoyr = Mol heo + Meo,A heo, + Myol hyo + Miyo, A hyo, + (7)
where A h,,; = h — hy and ho and h are the specific enthalpies of reference state and exhaust
gases respectively. While the subscript CO, CO, NO, NO; are carbon monoxide, carbon dioxide,

nitrogen monoxide, and nitrogen dioxide respectively. The ratio of the output power rate to the
input (fuel) energy rate defined as the thermal efficiency (n) which can be estimated as

96



Journal of Advanced Research in Fluid Mechanics and Thermal Sciences
Volume 63, Issue 1 (2019) 92-106

114

n = (8)

Efuel
During any process, a fraction of energy is destroyed due to irreversibilities processes [26, 27].
Thereby, the exergy analysis was utilized to analysis to estimate these energy losses rate in the
systems. However, the main assumptions of the energy analysis are also applied for exergy
analysis. Thus, the exergy balance for the engine can be calculated as follows
X Min € = X Moue Eout + EXnear + EXyork + EXgest (9)
where €;,, and &,,,; are the input and output specific exergy while Expoqe, EXyorie and EXgose are
exergy losses rate through heat transfer, output power exergy, and exergy destruction rate
respectively. The input exergy rate involves the chemical exergy of the input fuel, which can be
estimated as
Exin = Mpyer Eryer (10)
The specific exergy of the fuel &fuel is estimated as follows

Efuel = Hyop (11)

The factor of chemical exergy( ¢) is estimated as [28]
@ = 1.0401 + 0.1728 % + 0.0432 g + 0.2169 % (1.216901 2) (12)

where h, ¢, 0 and a are the mass fraction of hydrogen, carbon, and oxygen and sulfur content of the
fuel respectively. While Exwork is exergy work rate, which is calculated based on the rate of
energetic work.

Exwork =W (13)

The rate of exergy transfer refers to the heat transfer rate to the environment, which can be
estimated as follows

. T .
EXpear = Z (1 - ﬁ) Qioss (14)

where T is the average of the cooling of outlet temperature (Tewour) and inlet temperature (Tewin)
while Ty is the temperature of dead state.

The exhaust exergy rate is calculated as follows
Exout = > m; (etm + gchem) (15)
where the exhaust specific thermo-mechanical exergy (e:m) is calculated as follows

Etm = (h— ho) - To(s - So) (16)
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where s is the specific entropy of the exhaust gases, h is the specific enthalpy, To is the environment
(reference) temperature and the subscript zero denotes properties of the dead state. While &chem is
the chemical exergy of the exhaust gases can be estimated as follows

D Vi
Erchem = R T ln; (17)

where R is the constant of gas y; is the mole fraction of exhaust gases and y; is the mole fraction of
the given component in reference environment as 0.03450% CO,, 0.00070% CO, 0.00020% SO,,
3.03000% H,0, 0.00005% H», 20.3500% O, 75.6700% N>, and 0.91455% other gases [29].

The exergetic efficiency (1.) is more accurate than that of the thermal efficiency which can be
calculated as ratio exergy work rate to fuel exergy as follows [30]

EXW

Ny = (18)

- Exfuel
4. Results and Discussion
4.1 Energy Analysis

In the energy analysis, the fuel energy rates, the losses energy rate, and energy rate of flow
exhaust gases were calculated for all fuel types at different engine speeds. While, for the exergy
analysis, the exergy destruction rate was also included in the calculations. All the obtained results
were introduced in terms of conventional diesel and the volume percentage of diesel — corn oil
blends at different speed engines (500 -3000 rpm).

Energy distribution for all fuel types was plotted to provide insight into how the energy
distribution for the test engine. Figure 3(a), (b) and (c) illustrate the energy balance (Sankey) for all
fuel types at 2500 r.p.m. It can be noticed that for the conventional diesel, the mean output power
is 2.82 kW, the rate of energy losses through exhaust gases is 2.64 kW and the energy losses rate
are 3.87 kW while energy input rate of the fuel was 9.33 kW. In terms of the percentage of the
input energy rate, these were approximately 30.2% of the input energy rate was converted to
output power while the energy losses rate was 41.5% of the input energy and energy transfer rate
through exhaust gases was 28.296%. This trend is consistent with the finding results obtained by
several studies such as Kul and Kahraman [31] Hoseinpour et al., [32]. Those researchers found that
approximately 30% of the input energy was converted to output power while the highest exergy
was energy losses. Energy distribution for CB8 and CB15 were plotted to provide comprehensive
information about the influence of fuel type on the energy fraction. As shown in figure (b) and (c) at
engine speed 2500 rpm, the input energies rate of CB8 and CB15 were 9.08 kW and 8.9 kW that
were slightly lower than of that of the conventional diesel as 2.06% and 4.6% respectively.
Moreover, the output power for CB8 and CB15 was less than that of the conventional diesel as
5.6% and 10.2% respectively. The highest output power was observed to be 2.82 kW for the
conventional diesel fuel while the lowest output power was measured to be 2.53 kW for CB 15 fuel.
This explanation of this trend due to the decrease in the lower heating value for the blends of
diesel — corn oil blends compared that of the conventional diesel, i.e., the fuel exergy rate for the
diesel —corn oil blends is lower than that of the pure diesel [28].

It was also observed that the energy losses rate for CB8 and CB15 were higher than that of the
conventional diesel as 4.18% and 8.08% respectively. The energy loss rate through exhaust gases
for rate for CB8 and CB15 was lower than that of the conventional diesel. The trend is attributed to
the several factors such as oxygen content of the fuel, exhaust temperature, viscosity of fuel and
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lower heating value. The abovementioned factors led to a drop in the energy of the exhaust gases
for CB8 and CB15 respect to that of the pure diesel. Moreover, the exhaust energy and losses
energy rate have also similar the trend for both diesel — corn oil blends and conventional diesel.
These trends were consistent with previous studies, for instance, Kul and Kahraman [31] reported
that for pure diesel, the value output power was 27.6% net power while and 52.39% of energy
rejected to the environments and 19.99% of energy lost through the exhaust gases. In addition,
they found that the losses energy rate of biodiesel is higher than that of the pure diesel.

Exhaust loss rate Exhaust loss rate
2.64 kw Energy loss 2.388 k\!\f

(28.296 %), 3.87 kW (26.305%

41.5%)

Energy loss
4.0315 kw
44.4 %)

Energy input Energy input

9,33 kW Net work rate 9.08kw __  / Net work rate
(100 %) 2.82 kW (100 %) 2.66 kW
E> 30.2 %) E> 29.29%)

a) Conventional diesel b) CB8

Exhaust loss rate
2.19 kW
(24.607 %

Energy loss
4.183 kW
(47%)

Energy input
8.9 kW

(100 %) :

Fig. 3. Energy distribution of the engine fuelled with (a) diesel fuel (b) CB8 and (c) CB15 for the
engine speed of 2500 rpm

Net work rate
2.53 kW
(28.4 %)

c) CB15

Brake thermal efficiency is output power to the input fuel. Brake thermal efficiency for all fuels
types was plotted together with engine speeds as shown in Figure 4. It can be noticed that the
brake thermal efficiency firstly increases with increasing the engine speed before it decreased for
all the fuel types. When comparing diesel — corn oil blends with conventional diesel, it has been
determined that brake thermal efficiency decreases as the corn content in fuel increases so the
highest power has been obtained for pure diesel at all the engine speeds. Where the thermal
efficiency of pure diesel is higher than of that CB8 and CB15 as 0.91% and 1.8% for the
corresponding engine speed of 2500 r.p.mm. The reason for low exergy efficiency was brake power
of most of the diesel — corn oil blends is lower than that of the conventional diesel. This is also
attributed to the decreasing in cetane number, which has an influence on increasing in the ignition
delay, thereby brake power decreased for all the diesel — corn oil blends. This was proved by
previous studies of [28, 31, 32].
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Fig. 4. Variation of brake thermal efficiency with engine speeds for fuel

blends types

4.2 Exergy Analysis

A major part of the supplied energy to the engine is destructed due to the system irreversibility.
Thereby, exergy analysis was utilized to deal with this energy losses rate of the system. Exergy
analysis was performed by calculating exergies related to the input exergy, output power exergy,
and exhaust exergy rate, exergy rate through heat loss and system destruction or irreversibility. The
diagrams (Sankey) of exergy distribution were utilized to represent distribution for the input and
output exergy. Figure 5(a), (b) and (c) show the diagram of exergy distribution of conventional
diesel, CB8 and CB15 respectively at 2500 r.p.m. For the conventional diesel, the rate of output
power was approximately 28.16% of the input exergy while exergy losses through the exhaust
gases was 15.29% of input exergy, the rate of heat rejected is 7.05 % of input exergy and 49.48% of
input exergy rate is lost as exergy destruction as shown in Figure 5(a). This behavior is consistent
with previous studies such as Kul and Kahraman [31] Hoseinpour et al., [32]. These studies showed
that about 30% of the input energy was converted to output power while the most the input
exergy was exergy destruction. Compared with the fuel energy rate, the exergy fuel rate for all fuel
is higher than that of the fuel energy rate. This behavior due to the factor of chemical exergy that is
greater than unity. Considering the fuel type, the diagram of exergy distribution deduced that the
input exergies rate for conventional diesel, CB8 and CB15 were 10.01 kW, 9.74 kW and 9.54 kW
respectively. This trend can be explained due to the lowering heating value of conventional diesel
is higher than those of the CB8 and CB15, i.e., decreasing fuel consumption. Moreover, the trend of
fuel exergy for pure diesel is the same as that of the CB8 and CB15. It can also be seen the output
exergy for conventional diesel, CB8 and CB15 were 2.82 kW, 2.66 and 2.53 kW respectively. These
figures also indicated that the exergy destruction of CB8 and CB15 was higher than that of
conventional diesel fuel at 2500 r.p.m. It can be deduced that the exergy destruction is the major
fraction of fuel exergy losses, which were 49.485%, 52.965% and 56.02% for the conventional, CB8
and CB15 respectively. Moreover, the highest exergy destruction was for CB15 fuel. This is
explained due to the presence of additional oxygen atoms in the diesel — corn oil blends which lead
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to an increase in exergy destruction of the blends. This was also proved by the Kul and Kahraman
[31] Hoseinpour et al., [32] whose found that the exergy destruction for pure diesel was 51.60%
and for other biodiesel blends were within the range 54.4% to 55.13%.

Exergy loss rate

Exhaust exergy rate
4.95 kw

1.53 kW

(49.48 %) Exhaust exergy rate  Exergy loss rate
(15.29 % e destructi 1.385 kW 5.16 kW
Xergy destruction 14.219% o
Exergy input rate 0.706 kW ( p J2-96%)

Exergy destruction
rate 0.537 kW
(5.55 %)

1001 kW — /\7.05 %) Exergy input

(100%) 9.74 kW
Net work rate (100 %

2.82 kW

(28.16%)

a) Conventional diesel b) CB8

Net work rate
2.66 kW
(27.302 %)

Exhaust exergy rate  Exergy loss rate
1.27 kW 5.35 kW

(133% o6-02%)

Exergy destruction
Exergy input

9.54 kW .
(100 %!
Net work rate
2.53 kW
(26.49 %)

b) CB15
Fig. 5. Exergy distribution of the engine fuelled with (a) conventional diesel fuel (b) CB8 and (c) CB15
for the engine speed of 2500 rpm

When comparing fuel types in terms of the exhaust exergy rate, it has been determined that
exhaust exergy rate decreases as the corn blend content in fuel increase so the highest exhaust
exergy rate has been found for conventional diesel as can be seen shown in Figure 5(b) and 5(c).
The explanation of these trends is explained by many factors like a decrease in viscosity and
decrease in the lower heating value of diesel-corn oil blends. For the losses to the surrounding
excluding exhaust, it was also observed that the rate of exergy loss through heat transfer of CB8
and CB15 was lower than that of the conventional diesel at the same engine speed of 2500 rpm.
The lowest value of the exergies losses was observed for the exergies lost through heat transfer
were approximately 7.05%, 5.55% and 4.17% for conventional diesel, CB8, and CB15 respectively.
This difference between the pure diesel and corn —diesel blends occurred due to that the lower
heating values of diesel —corn oil blends were less than that of the pure diesel fuel. As results, the
fuel exergy of the pure diesel is greater than that of the diesel-corn oil blend. This trend was
consistent with the previous results of Hoseinpour et al., [32].

Rate of input exergy depends on the factor of chemical exergy beside of the mass flow rate and
the lower heating value of fuel that affects the input energy. Thereby, the rate of fuel energy and
exergy have a similar trend. Chemical exergy factor is greater than one, thus the value of fuel
exergy rate greater than the fuel energy rate at the same conditions. Figure 6 illustrates that the
fuel exergy rate increases as engine speed increasing for all fuels types. This is explained by the fact
that the engine consumes more fuel with an increase in the engine speed. When evaluated in
terms of the fuel type, the fuel exergy rates of CB8 and CB15 are lower than that of the pure diesel
as 2.69% and 4.69% respectively at the corresponding speeds 2500 rpm. Moreover, the highest
input exergy rate was obtained when a test engine with reference diesel at all speeds engine. While
the lowest input exergy rate was obtained for the CB15. This explanation of this trend because the
dropping in the lower calorific value of the diesel — corn oil blends, i.e., the energy input of the
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diesel — corn oil blends is lower than that of the conventional diesel. This behavior was consistent
with previous studies of [16, 32].

13
——CB15 —i& CB8 —@— Diesel

= = =
o = \V]

Vo]

Fuel Exergy Rate (kW)
o

0 1000 2000 3000 4000
Engine Speed (rpm)
Fig. 6. The thermal efficiency versus the engine speed for all fuel types

A fraction of the input exergy is destructed due to many irreversible processes which involve
the turbulence within the combustion chamber, the pressure drops, mixing of the air with fuel,
gases expansion, etc. [33]. The rate of exergy destruction increases with the increase in the engine
speeds for all fuel types as shown in Figure 7. This is explained due to the high irreversibility in the
combustion process causes high values of exergy destruction. Moreover, the cylinder temperature
and rate of fuel consumption increase with an increase in engine speed. It was also found that the
exergy destruction of the CB8 and CB15 is slightly higher than that of the exergy destruction rate
for pure diesel at all engine speeds. At 2500-rpm engine speed, the exergy destruction rate for the
CB8 and CB15 increase as 4.2% and 8.08% compared with that of the conventional diesel. It can be
observed that the behavior of exergy destruction rate indicated a similar trend with each other.
This is explained by the fact the incomplete combustion, which occurred with diesel — corn oil
blends i.e. dropping in combustion efficiency [34]. This trend was also consistent with Gogoi [35]
who found that the rate of exergy destroyed for diesel fuel was lower than that of the exergy
destroyed for biodiesel fuel.
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Fig. 7. Variation of exergy destruction of tested fuels with engine speed
for all fuel types

The exergetic efficiency (Second law efficiency) is more accurate than the thermal efficiency and
has used to measure the performance of the engines [28]. Figure 8 shows the exergetic efficiency
firstly increases with the increase in the engine speed to the maximum value before again
decreased for all the fuel types. It was determined for conventional diesel fuel, the exergy efficiency
increased to 3000 rpm and decreased after 3000 rpm. It can be observed that the exergetic
efficiency and thermal efficiency has similar behavior. Moreover, the exergetic efficiency is lower
than that thermal efficiency at all engine speeds. The difference between thermal and exergetic
efficiency was about 1.8%. The reason for dropping in exergetic efficiency was the conversion of
small amounts of input exergy to the output power and the destruction most of the inlet exergy
rate [22]. Moreover, when evaluated in terms of fuel types, the exergetic efficiency of pure diesel
got the highest exergetic efficiency for all engine speeds. It can also be observed that the exergetic
efficiency of conventional diesel is higher than that of the CB8 and CB15 as 0.86% and 1.67%
respectively. This explanation of this behavior due to decreasing in the lower calorific value of the
diesel — corn oil blends. The reason of low exergy efficiency was brake power of most of the diesel —
corn oil blends is lower than that of the conventional diesel. The abovementioned finding was also
agreed with the previous studies of [31, 36].
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5. Conclusions

In this study, the energy and exergy analysis of a diesel engine using conventional diesel, CB8
and CB10 were investigated. The experimental tests were performed at various engine speeds in
order to indicate the energy and exergy distribution with changing the fuel type. The analyses were
performed by estimating brake power, fuel energy rate, fuel exergy rate, exhaust exergy rate, heat
losses rate, and exergy destruction. Moreover, exergetic efficiency and thermal efficiency were
evaluated. It can be drawn from this study the following conclusions:

The fuel exergy increases with an increase in the engine speeds for both conventional and
diesel —corn oil blends fuels. The Exergy destruction increase wit increase in the engine speed for
both conventional and diesel-corn oil blends. The losses of exergy and energy transfer through
exhaust gases for CB8 and CB15 fuel are lower than that of conventional diesel fuel. Moreover, the
percentage of exergy and energy rate through heat transfer for CB8 and CB15 are lower than that
of the conventional diesel. While the exergy destruction percentage of CB8 and CB15 are higher
than this of conventional diesel fuels at different engine speeds. The outcomes result also indicated
that the brake power of the conventional diesel was greater than that of the diesel-corn oil blends.
This is a trend due to the decrease in the lowering heating value of the diesel —corn oil blends. It
can be drawn that the engine speeds significantly influence exergy destruction, thermal efficiency,
and exergetic efficiency. Considering the fuel types, the highest values of exergetic efficiency and
thermal efficiency were obtained for the diesel fuel. It was also that the exergetic efficiency value
was lower than that of the thermal efficiency under the same conditions. The explanation of this
trend due to the exergy destruction, i.e., small amounts of fuel exergy was converted into work
exergy. Furthermore, the trends of the results finding were consistent with the previous studies
[26, 33]. According to the results of the outcomes of the energy and exergy analysis for the engine,
as the engine speed increases, more quantity of fuel given to the engine was consumed by the
engine.

104



Journal of Advanced Research in Fluid Mechanics and Thermal Sciences
Volume 63, Issue 1 (2019) 92-106

The obtained results indicated that the major fraction of fuel exergy is exergy losses through
exergy destruction. For this reason, eliminating destruction reasons is necessary when high
efficiency is required. Furthermore, the exergy losses through the exhaust gases are second reason
for exergy losses. For that reason, recycling exhaust gases is also essential for raising the exergetic
efficiency. Moreover, exergy losses due to the heat transfer is another contributor in decreasing the
output exergy power. Based on the exergy results, it can be concluded that engine optimization
based on the exergy analysis can serve as an essential tool (together with energy analysis) for the
engine design. It can also be concluded that form the finding results, the tested CB8 and CB15 offer
competitive exergetic and thermal efficiency for conventional diesel fuel. Thereby, according to the
outcomes of the results, CB8 and CB15 can be used instead of the conventional diesel fuel as a
substitute fuel since both it has a similar energy and exergy distribution with that of the
conventional diesel fuel.
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