Fuel Processing Technology 128 (2014) 158-165

Contents lists available at ScienceDirect

Fuel Processing Technology

journal homepage: www.elsevier.com/locate/fuproc

Experimental examination of the effects of military aviation fuel JP-8 and
biodiesel fuel blends on the engine performance, exhaust emissions and
combustion in a direct injection engine

@ CrossMark

Ahmet Uyumaz ¢, Hamit Solmaz **, Emre Yilmaz °, Hasan Yamik €, Seyfi Polat ¢

@ Department of Automotive Technology, Vocational High School of Technical Sciences, Mehmet Akif Ersoy University, 15100 Burdur, Turkey
b Department of Automotive Engineering, Faculty of Technology, Gazi University, 06500 Ankara, Turkey

¢ Department of Mechanical and Manufacturing Engineering, Faculty of Engineering, Bilecik Seyh Edebali University, 11210 Bilecik, Turkey
4 Department of Mechanical Engineering-Engineering Mechanics, Michigan Technological University, 49931 Houghton, USA

ARTICLE INFO ABSTRACT

Article history:

Received 17 April 2014

Received in revised form 26 June 2014
Accepted 15 July 2014

Available online 2 August 2014

Biodiesels are the most popular fuels which can be used as an alternative fuel instead of diesel fuel in diesel engines.
Low emission characteristics and high cetane numbers are the most significant advantages of biodiesels. However,
JP-8 military aviation fuel which is a kerosene based fuel has a low viscosity, high lower heating value and very low
freezing point. The usage of the fuel blends of biodiesel and JP-8 may be effective in improving the characteristics of
biodiesel. In this study, JP-8 aviation fuel and sunflower methyl ester blends were tested at 7.5, 11.25, 15 and
Keywords: 18.75 Nm engine loads and at maximum torque speed (2200 min~') in a single cylinder, naturally aspirated, and
1p-8 direct injection diesel engine. In-cylinder pressure, ignition delay period, engine performance and exhaust emissions

Biodiesel have been examined. As the engine load increases the specific fuel consumptions decrease for all test fuels. It was
Internal combustion engine seen that NOy emissions increased with the increase of the amount of biodiesel in the test fuels. CO emissions de-
Combustion creased as the amount of biodiesel fuel increased in the test fuels. Consequently, it was observed that JP-8 and bio-

Exhaust emission
Engine performance

diesel fuel mixtures can easily and efficiently be used in diesel engine.

© 2014 Elsevier B.V. All rights reserved.

1. Introduction

Energy demand increases each passing day in parallel with the eco-
nomical and technological developments and increasing population in
the world. Today, majority of energy requirement is covered by fossil
fuels (petroleum) [1]. Petroleum reserves are rapidly consumed due to in-
creasing requirements. Moreover, the usage of fossil fuels in engine vehi-
cles increasingly threatens the eco-system of the world. So, researchers
pay attention towards alternative energy sources. Today, exhaust emis-
sions emitting from gasoline and diesel engines in the vehicles are carbon
monoxide (CO), nitrogen oxides (NOy), hydrocarbon (HC), particulate
matter (PM), sulfur oxide (SOy) and lead compounds [2,3]. In order to de-
crease these emissions, researchers have performed many investigations
on the effects of vegetable oils as an alternative fuel in the engines.
Rudolph Diesel had used peanut oil as fuel in the diesel engine [4]. More-
over, vegetable oil was used as fuel in many vehicles during World War II,
but the most extensive researches on the subject coincide the 1970s
when the petroleum crisis occurred [5]. Vegetable oils, which have
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different chemical structures compared to petroleum based fuels, cause
the various problems when used directly as fuel in diesel engines [6].
The viscosity of vegetable oils is about 10 times more than the viscosity
of diesel fuel. Their lower heating value is approximately 90% of the diesel
fuel. Diesel fuel is substantially composed of paraffins and aromatics. But
biodiesel is the ester which fatty acids made with glycerine. The type and
amount of unsaturated fatty acids constituted the properties of vegetable
oils. Besides biodiesel has higher oxygen content. High viscosity can lead
to injection problems, poor atomization and incomplete combustion.
While the vegetable oils do not have good properties on injection and ig-
nition, they have high flash point and provide advantage on storage
safety [6-8]. Besides the transesterification method was widely
used in order to remove the negativities arising from vegetable oils,
pyrolysis, microemulsion and refining methods are also used
[9-12]. By these methods, vegetable oils are converted to biodiesel.
Vegetable oils are esterificated with monohydric alcohol such as
methanol and ethanol. This method is called transesterification
[13]. The specifications of biodiesel shall be improved or it shall be
used along with other fuels in order to expand the operating range
in diesel engines [14-16].

At this point, kerosene based aviation fuel JP-8 is used along
with biodiesel [17,18]. There are many studies in the literature re-
garding JP-8 aviation fuel [19-23]. JP-8 does not include naphtha.
JP-8 has low cetane number and high boiling point as compared
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to benzen [24]. JP-8 aviation fuel is different from conventional
diesel fuel due to its corrosion inhibitor content for fuel system
which prevents icing at cold operating conditions. JP-8 aviation
fuel can be used in motored vehicles for civil and military purposes
because of such chemical specifications [25]. Lee and Bae tested the
effects of JP-8 aviation fuel and diesel fuel in a single cylinder, com-
mon rail injection system diesel engine under heavy-duty condi-
tions. As the evaporation characteristic of JP-8 aviation fuel is
better than the standard diesel fuel. They have observed that it
has a wider spray angle and short penetration depth compared to
diesel. Moreover, they have observed that the premixed combus-
tion section was improved due to good features of mixture forma-
tion of JP-8. The highest heat release of JP-8 aviation fuel was also
obtained. While high HC and CO emissions were obtained with
JP-8 aviation fuel, they have found that CO emissions decrease [17].

Rakopoulos et al. tested the effects of JP-8 aviation fuel and diesel
fuel in direct and pre-chamber diesel engines on exhaust emissions
[21]. Arkoudeas et al. experimented and compared biodiesel fuel obtain-
ed from the sunflower methyl ester and olive oil ester, (10%, 20% and
50% mixtures with the JP-8 aviation fuel) and the JP-8 aviation fuel in
a diesel engine. They determined that biodiesel fuel has shown similar
characteristics, and they have observed improvement in the particulate
matter emissions with JP-8 fuel [26]. Anastopoulos et al. have tried to
improve the lubrication characteristics of kerosene. In their study,
they have tested 10 different mono-carboxylic acid esters and kerosene
in a direct injection diesel engine. They have concluded that all the test-
ed esters improve the lubrication characteristic of kerosene [27].
Kouremenos et al. investigated the effects of diesel fuel and JP-8 in
high speed ordinary four-cycle engine. They have found that no signifi-
cant differences occurred in the generated emission levels for both fuels.
Moreover, they have specified that combustion pressure, intensity
increased and combustion stability deteriorated when they used the
JP-8 aviation fuel. When JP-8 and diesel fuel were compared, they
have observed that JP-8 caused pressure fluctuations (oscillations) in
the fuel injection systems depending on the different physical specifica-
tions of JP-8 [20]. Durbin et al. tested different fuels (low sulfur diesel
fuel, vegetable oil /yellow-grease biodiesel fuel, yellow-grease biodiesel,
soy-based biodiesel and military JP-8 fuel) in order to determine the ef-
fects on HC, CO, PM and NO, emissions. They have seen that higher bio-
diesel blends of fuels showed higher unburned hydrocarbons and CO.
But PM emissions reduced with higher biodiesel blends of fuels. More-
over THC and CO emissions increased using JP-8 fuel compared to low
sulfur diesel fuel. They used the cetane improver with biodiesel. But
they observed that the effects of cetane improver were negligible [28].
Labeckas et al. studied on four-stroke, four-cylinder, and naturally aspi-
rated diesel engine fuelled with diesel fuel and its 5 vol.% (E5), 10 vol.%
(E10),and 15 vol.% (E15) blends with anhydrous (99.8%) ethanol (E). In
addition, they prepared the blends of ethanol-diesel-biodiesel (E15B)
including 15 vol.% of ethanol, 5 vol.% of biodiesel and 80 vol.% of diesel
fuel. They researched the effects of ethanol and RME addition to diesel
fuel on combustion, engine performance, start of injection and emis-
sions. They showed to develop brake thermal efficiency of 0.362 when
the engine fuelled with E15B. Furthermore, NOy and HC emissions re-
duced with the addition of ethanol to diesel fuel for richer mixtures
[29]. Adaileh and AlQdah experimented the diesel, B5 and B20 test
fuels (including 5%, 20% biodiesel respectively) in a diesel engine fuelled
with waste vegetable oil at engine speed of 1200-2600 rpm. They have
seen that biodiesel showed significant reductions in CO and HC emis-
sions except for NOx. It was also seen that specific fuel consumption in-
creased by 5.95% with biodiesel owing to low heating value. NOy
emissions increased when B5 and B20 are used instead of diesel fuel
[30]. Keskin et al. investigated the effects of cotton oil soapstock biodie-
sel-diesel fuel blends in a diesel engine. They determined that engine
torque and power output decreased with cotton oil soapstock biodie-
sel-diesel fuel blends by 5.8% and 6.2%, respectively. It was also ob-
served that specific fuel consumption increased up to 10.5% when

cotton oil soapstock-diesel fuel blends used. Smoke emissions de-
creased up to 46.6% with blend fuels depending on the amount of bio-
diesel at maximum engine torque speed [31]. Lee et al. performed an
experimental study to analyze the combustion process of JP-8 and diesel
fuel in a heavy duty diesel engine. it was shown that JP-9 emitted less
smoke emissions compared to NO, and HC emissions. They character-
ized combustion process by means of image analysis focusing on the lu-
minosity intensity and its spatial distribution. According to test results
JP-8 had a longer inition delay compared to diesel fuel. They have seen
that flame luminosity of diesel fuel was stronger than JP-8 fuel. They
have also implied that diesel fuel had more diffusion dominant combus-
tion [32]. Allen et al. investigated the autoignition characteristics JP-8
and camelina hydroprocessed renewable jet fuel in a rapid compression
machine. They measured ignition delays at 670-750 K and low pres-
sures (7 and 10 bar). It was shown that ignition properties of renewable
jet fuel were distinct from JP-8. In addition ignition delay for
hydroprocessed renewable jet fuel was shorter than JP-8 fuel.
Hydroprocessed renewable jet fuel had earlier onset of ignition and
more vigorous heat release compared to JP-8. They explained the reason
of this case by contenting full paraffinic of hydroprocessed renewable
jet fuel [33].

Biodiesel and JP-8 fuel mixtures can be used efficiently in diesel
engines. The purpose of this study is to analyze the combustion
using biodiesel and JP-8 fuel mixtures and diesel fuel. In this study,
the experiments were conducted in a single cylinder, four-stroke, di-
rect injection diesel engine fuelled with biodiesel based sunflower
seed oil methyl ester and JP-8 fuel mixtures and diesel fuel at 7.5,
11.25, 15 and 18.75 Nm engine loads at maximum torque speed.
The effects of different test fuels on combustion, engine
performance and exhaust emissions were investigated at different
engine loads.

2. Material and method

In this study, six different test fuels have been tested. The mixture
percentages of test fuels are given in Table 1. Test fuels have been ob-
tained by mixing sunflower methyl ester based biodiesel and JP-8 avia-
tion fuel by volume. In order to determine the test fuels on combustion,
engine performance and exhaust emission in a single cylinder, four-
stroke, and direct injection diesel engine were used. For this purpose,
the test engine was operated at a maximum engine torque speed of
2200 min~— ! and 7.5, 11.25, 15, and 18.75 Nm engine loads. The exper-
iments were performed at constant engine coolant and oil temperature.
They were kept constant in order to provide stable operating conditions
during the tests. The technical specifications of the test engine are given
in Table 2.

High viscosity of biodiesel and low lubrication characteristics
are the most significant disadvantages of JP-8 aviation fuel. Insuffi-
cient lubrication properties of the JP-8 aviation fuel may damage
the engine parts and fuel injection system. Some characteristics
of test fuels are given in Table 3. The measurements of the charac-
teristics of fuels have been performed at the laboratories of Turkish
Petroleum Refineries (TUPRAS).

The schematic view of the experimental set-up is shown in Fig. 1.
Cussons P8160 DC dynamometer was used which can absorb a power
of 10 kW in 4000 min ™~ ! in the control of engine speed and loads. Engine

Table 1
Percentages of test fuels and their abbreviations.

Abbreviation Percentages of fuel

B25 25% biodiesel + 75% JP-8
B50 50% biodiesel + 50% JP-8
B75 75% biodiesel + 25% JP-8
B100 100% biodiesel

J100 100% JP-8

Diesel 100% diesel
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speed was measured by magnetic pick-up sensor. In-cylinder pres-
sure was measured with water cooled AVL 8QP500c piezoelectric
in-cylinder pressure sensor connected with amplifier. At each test,
in-cylinder pressure data were measured and recorded by National
Instruments USB 6259 data acquisition card (DAQ) with 0.36°CA
crank angle intervals. In order to decrease cyclic variations under a
specific operating condition, the average of consecutive 50 different
cycles was calculated and the in-cylinder pressure has been obtain-
ed. The technical specifications of in-cylinder pressure sensor are
given in Table 4.

VLT 2600 S opacimeter was used for CO measurement. Testo 350
XL gas analyzer has been used for exhaust emission measurements.
The technical specifications of VLT 2600 S opacimeter and emission
gas analyzer are given in Tables 5 and 6 respectively. Stopwatch
and electronic scale which are able to measure with sensitivity of
0.01 g were used for measuring fuel consumption. Exhaust gas tem-
perature was measured using K-type thermocouple mounted on ex-
haust line.

Merriam brand Z50MC2-4F model laminar air flow meter was used
for the measurement of consumed air by the test engine. Air volume at
the laminar air flow meter is measured with pressure difference. Air vol-
ume changes linearly depending on the pressure difference. Besides, in-
dicated mean effective pressure was calculated by using network and
cylinder volume in the experiments. In-cylinder pressure data were
used in order to calculate the heat release rate. Heat release rate has
been calculated by Eq. (1) by applying the first law of thermodynamics
[34].

dQ k _dV 1 dP
@ k=1 do Tk=1"do 1

The first law of thermodynamics was applied for the control volume
in the combustion chamber. So, the single zone combustion model was
used in order to calculate the net heat release rate. While calculating the
net heat release rate, the heat transfer from the cylinder to cylinder
walls has been neglected. Heat losses are also affected by the engine
speed. As engine speed decreases, there will not be enough time for
heat transfer from cylinder to the cylinder walls. It affects the pressure
rise rate. Higher engine speeds result less heat losses. It can be also
said that higher temperatures obtain and earlier combustion occurs.
Heat losses also cause the higher HC emission owing to in complete
combustion. In fact, heat losses are a small fraction of fuel energy. But
heat losses cannot be converted to useful work due to the heat transfer
to the combustion chamber walls. It also belongs to combustion cham-
ber geometry and combustion chamber surface-area-to-volume ratio.
Furthermore, leaner air/fuel ratio decreases the burned gas temperature
at the end of combustion. It results in the reduction of heat losses to the
cylinder walls. It has been deemed that the in-cylinder mass did not
change due to gas leakage in segments and valves. Moreover, it has
been assumed that charge mixture taken to the cylinder is ideal gas
and the thermodynamic characteristics of the combustion chamber
are stable [34-36]. The temperature, pressure and the composition of
the charge mixture in the cylinder changes in each cycle and cyclic

Table 2
Technical specifications of test engine.

Engine type Four stroke, direct injection
Number of cylinder 1

Cylinder bore [mm)] 86

Stroke [mm] 68

Displacement [cc] 395

compression ratio 18/1

Maximum brake torque at 2200 rpm [Nm] 19.6

Injection pressure [bar] 180

Injection advance [°CA, BTDC] 24

variations occur. The variation of coefficient of indicated mean effective
pressure has been calculated as in Eq. (2).

(j,
COViep = — x 100 2)

In Eq. (2), Oimep defines the standard deviation of indicated mean ef-
fective pressure for consecutive 50 cycles and X defines the average of
indicated mean effective pressures [34].

3. Results and discussion

Tests were conducted in a single cylinder, direct injection diesel
engine, at maximum torque speed (2200 min~ ). In Fig. 2, the effects
of diesel, biodiesel and JP-8 fuel mixtures on cylinder pressure and
heat release at different engine loads are being observed. When the
heat release is examined, sudden combustion and diffusion combus-
tion phases are observed. It is noticed that at 7.5 Nm engine load, the
combustion is advanced as the amount of biodiesel in the test fuels
increases, and the combustion is retarded when J100 and B100
fuels are used. At all loads, maximum heat release has been obtained
with J100 fuel. Higher heating value of J100 compared to biodiesel
causes the increase of heat release. The cetane number of JP-8 is
lower than diesel. It causes longer ignition delay and higher heat re-
lease. In addition, the heating value of JP-8 is close to the diesel fuels.
More fuel mass is accumulated during the longer ignition delay peri-
od. Then all charge mixture starts to ignite at a sudden combustion
phase immediately. It results higher heat release rate. It was ob-
served that maximum cylinder pressure and heat release decreased
with B75 at 7.5 and 11.25 Nm engine load. It is possible to say that
maximum cylinder pressure increases as the biodiesel amount in
the fuel mixtures increases at full load (18.75 Nm). It can be also conclud-
ed that there is no significant difference in cylinder pressure between
B100 and diesel fuel. More heat was released with B75 compared to diesel
fuel. It can be explained that more oxygen content of biodiesel and higher
heating value of JP-8 increased the heat release rate compared to diesel.
At full load, maximum cylinder pressure has been obtained with B100
fuel. Moreover, it was observed that combustion was advanced as the
amount of biodiesel increased in the test fuels. Maximum cylinder pres-
sure was obtained with J100 fuel at part loads.

Indicated mean effective pressure refers the average pressure ap-
plied on the piston during a cycle for the engine in order to give a max-
imum power output. In Fig. 3, variations of coefficient of indicated mean
effective pressure and equivalence ratio versus on engine load are
shown. The temperature, pressure, composition, homogeneity of the
charge mixture in the cylinder and thermodynamic characteristics of
combustion chamber change by cycle-to-cycle. The change of character-
istics of the mixture due to the amount of heat transferred from the
combustion chamber to cylinder walls and gas leakages arising at seg-
ment, piston and valves cause cyclic variations. It is required for the cy-
clic differences not to exceed 10% in the internal combustion engines
[34]. As mentioned in [37] cylinder pressure fluctuates during the
cycle. The differences between the cylinder pressures inherently lead
to variations of imep values. During the last stage of compression and
the first stage of combustion, the differences become more evident. It
is attributed to load fluctuations. In addition flow varies cycle to cycle
in the engine and turbulence is not homogenous in the cylinder. The
cyclic variations can be appeared when the engine speed is high espe-
cially at HCCI operation mode [36-38]. In Fig. 3(a), the variation of coef-
ficient of indicated mean effective pressure versus engine load is given.
It is observed that cyclic variations decrease as the engine load in-
creases. Combustion stability is one of the most important factors affect-
ing the cyclic variations. Combustion stability is affected by the dilution
effect of fresh charge mixture. As the engine load decreases the combus-
tion stability deteriorates when residual gas is trapped in the combus-
tion chamber or EGR applies especially at idle conditions. Residual gas
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Table 3
Characteristics of test fuels.

Fuel type Method Diesel Jp-8 Methyl ester
Density (g/cm?, 15 °C) ASTM D 1298 0.8372 0.7950 0.8893
Viscosity (cSt, 20 °C) ASTM D 445 2.8 (40 °C) 3.87(—20 °C) 4.391(40 °C)
CFPP (°C) ASTM D 2386 ) —48.5 -2

Flash point (°C) ASTM D 93 73 41 110

Lower heating value (kj/kg) ASTM D 2015 10,450 10,200 9189
Cetane number ASTM D 976 54 45 58

slows down the rapid heat release rate. It might cause the later combus-
tion. It also affects the cyclic variations [34]. Maximum COVjpyep has
been calculated as 10.77% with J100 fuel at 11.25 Nm engine load.
Minimum COVimep has been obtained as 4.84% with B100 fuel at
15 Nm engine load. It was noticed that there was no significant differ-
ence in COVjnep between diesel and B100 at light and medium engine
loads. The low cetane number of JP-8 caused the increase of ignition
delay period and the higher cyclic variations especially at low loads.
When Fig. 3(b) is examined, it is found that equivalence ratio increases
with the increase of engine load. At the same load, the highest equiva-
lence ratio was obtained with J100 fuel. The lower density of J100 causes
the decrease of quantity of fuel mass which is taken to the cylinder. In
contrast, it results higher equivalence ratio when B100 fuel was used
because of its higher density. Moreover, slight decrease of equivalence
ratio has been found using biodiesel and JP-8 mixtures. As the equiva-
lence ratio increases, the variation of coefficient of indicated mean
effective pressure decreases. It can be mentioned that equivalence
ratio decreases with the increase of the amount of biodiesel in the test
fuel. Higher equivalence ratio was obtained with diesel compared to
biodiesel JP-8 fuel mixtures. It can be also implied that leaner mixtures
in the combustion chamber increase the cyclic variations.

In diesel engine, one of the most important parameters is the ignition
delay period. As the ignition delay period increases, the amount of fuel
which accumulated in the combustion chamber increases in order to
ignite. All of fuel and air in the combustion chamber try to contribute to
combustion suddenly. So, it causes knocking combustion in the engine.
Ignition delay period is affected from the cetane number of the fuel and
is being calculated by the determination of fuel injection timing and
starting point of combustion [34]. Fig. 4 depicted the ignition delay period.
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The onset of combustion can be determined by the crank angle where the
in-cylinder heat release value increases from negative to positive value as
a result of combustion. The period in between the injection advance in
terms of crank angle and the point where the heat release reaches a pos-
itive value gives the ignition delay period. As in Fig. 4 the start of injection
and onset of combustion are evident. The engine was operated at
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unit power at unit time. The variation of specific fuel consumption is
one of the most significant parameters in the determination of the en-
gine performance. The variation of specific fuel consumptions with dif-
ferent test fuels versus engine load is given in Fig. 6. As the engine load
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Fig. 1. The schematic view of the experimental set-up.
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Table 4
Technical specifications of in-cylinder pressure sensor.
Model AVL 8QP500c quartz
Operating range [bar] 0-150
Measurement precision [pC/bar]| 11.96
Linearity [%] +0.6
Natural frequency [kHz] >100
Table 5
Technical specifications of VLT 2600 S opacimeter.
Parameter Operating range Accuracy
Soot intensity [%] 0-99 0.01
k soot factor [m~'] 0-10 0.01
Engine speed [rpm] 0-9999 1
Table 6
Technical specifications of Testo 350 XL emission gas analyzer.
Combustion products Operating range Accuracy
Oxygen (03) [vol.%] 0-25 +/—0.2 mV
Carbon monoxide (CO) 0-10000 5 ppm (0-99 ppm)
[ppm]
Carbon dioxide (CO;) [vol.%] 0-50 +0.3 vol% +1 mV.%
(0-25 vol.%)
Hydrocarbon (HC) [%] 0.01-4 <400 ppm (100-4000 ppm)
Azot Oksit (NOx) [ppm] 0-3000 5 ppm (0-99 ppm)
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increases, the specific fuel consumption decreases. So, specific fuel con-
sumption increases for all test fuels. Minimum specific fuel consump-
tion was calculated with the diesel fuel due to the highest heating
value of diesel fuel. It is found that as the amount of biodiesel in the
test fuels increases specific fuel consumption also increases. Biodiesel's
viscosity is high and heating value is low. When the amount of biodiesel
in the test fuels increases, the engine consumes more fuel in order to
provide the same effective engine power, thus, the specific fuel con-
sumption increases. The specific fuel consumption decreases with J100
due to its higher heating value than biodiesel. Maximum specific fuel
consumption has been calculated with the B100 fuel. As mentioned in
[26] specific fuel consumption increased with the increase of biodiesel
in the blend fuels.

In Fig. 7, the effects of engine load on exhaust gas temperatures are
depicted with different test fuels. As shown in Fig. 7, it can be concluded
that the exhaust gas temperature increases as the engine load increases
for all test fuels. The increase of charge mixture taken to the cylinder in-
creases the end of combustion gas temperature and exhaust gas tem-
perature. Minimum exhaust gas temperatures were measured with
J100 fuel, and the maximum exhaust gas temperatures were measured
with B100 fuel. The increase amount of biodiesel in the test fuels in-
creases the oxygen content of test fuel, therefore, the end of combustion
gas temperature increases. It results higher the end of combustion tem-
perature. It can be also concluded that exhaust gas temperature is
higher when biodiesel JP-8 fuel mixtures are used. Besides the viscosity
of biodiesel is higher than JP-8. This results more injection of biodiesel to
the cylinder. In conclusion, high exhaust gas temperatures are obtained
with biodiesel. Later combustion occurred with JP-8 fuel at all engine

60| | n=2200 min” ——J100
IMEP=2.6 bar —B25 30
11,25 Nm —
e -
T H 25 6
® 40 B100 || 7 @
> Diesel =2
- @
5 30 20 e
7] v
e @
@ 20 15 @
o o
210+ o
S5 1 [
04 T
5
0
T " T T T T T T
330 340 350 360 370 380 390 400
Crank Angle (°CA)
70
n=2200 min" —J100 4325
60 | IMEP=4.7 bar i~ —B25
18,75 Nm —B50
s T T —B75 |20
5 J
o S
o ©
3 ©
% 14
& 8
i @
5 Q@
[
2 r
%) 3
T

T T T T
350 360 370 380

Crank Angle (°CA)

Fig. 2. Cylinder pressure of test fuels at different engine loads and their effects on heat release rate.
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loads and combustion occurred on more diffusion combustion phase.
So, combustion process was extended towards the expansion stroke.
In the meantime, the piston is too far away from the top dead center
and the in-cylinder temperature decreased. It causes lower exhaust
gas temperature.
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Fig. 5. The variation of ignition delay versus engine load.

In Fig. 8, the variation of NO, emissions versus engine load is shown.
NO, emissions are generated depending on high gas temperatures at
the end of the combustion. As the amount of charge mixture to the
cylinder increases, in-cylinder temperature increases at the end of com-
pression. Thus the end of combustion temperature increases. At high
gas temperatures, nitrogen and oxygen molecules react and generate
NOy emissions. The higher oxygen content results higher end of com-
bustion temperature. This is called thermal NO, formation. The density
of biodiesel is more than the JP-8 fuel. Moreover, more oxygen is includ-
ed in its chemical structure compared to JP-8 fuel. More oxygen content
of biodiesel improves the combustion reactions, and causes an increase
to the end of combustion gas temperature. Minimum NOy emissions
have been measured with J100 fuel. As the amount of biodiesel within
the test fuels increases, NOy emissions increase. As shown in Fig. 8,
NO, emissions obtained with diesel are lower than biodiesel. The cetane
number of diesel is lower than biodiesel but it has higher heating value
than biodiesel. It can be said that the higher density and lower heating
value of biodiesel result lower heat release rate compared to JP-8. But,
NO, emissions increased due to the higher oxygen content and density
of biodiesel. The end of combustion temperature increases as more fuel
mass is injected to the cylinder. So, this improves and accelerates the ox-
idation reactions between oxygen and nitrogen molecules. In reference
[26], it is possible to say that similar test results were obtained. NOy
emissions increased especially with 50% sunflower oil biodiesel blend
fuel. Highest heat release was obtained for all engine loads because,
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Fig. 6. The effects of engine load on specific fuel consumption.


image of Fig.�3
image of Fig.�4
image of Fig.�5
image of Fig.�6

164 A. Uyumaz et al. / Fuel Processing Technology 128 (2014) 158-165

8041 [e—B2s
) —e— B50
. —a&—B75
g 500 ~ —v—B100
= ——J100
@ Diesel
Q.
£ 400
i)
W
(1]
o
+= 300
3
©
=
i

200 -

L T ” T i T
7.50 11,25 15,00 18,75
Engine load (Nm)

Fig. 7. The variation of exhaust gas temperature versus engine load.

the cetane number of JP-8 is lower than biodiesel and diesel fuel. It
results longer ignition delay with JP-8 compared to other test fuels.
More fuel is accumulated in order to ignite during the longer ignition
delay period. Higher combustion temperatures are obtained with the
result of combustion of more fuel thus, NO, emission increases.

Fig. 9illustrated the variation of CO and soot emissions versus engine
load. CO emission is the harmful exhaust gas coming out as the result of
incomplete combustion. Insufficient temperature and oxygen in com-
bustion chamber increase the CO emissions [34,35]. CO emissions in-
crease as the engine load increases for all test fuels. It is also observed
that CO emissions decrease as the amount of biodiesel in the test fuels
increases. Oxygen content of biodiesel improves the oxidation reactions,
and more fuel is contributed to combustion. Having sufficient oxygen in
the test fuels causes the generation of CO, emissions through the oxida-
tion of carbon monoxide. CO and soot emissions increase with the
increase of engine load. As the engine load increases, the oxygen con-
centration in the combustion chamber decreases, thus, oxidation reac-
tions slow down. As a result of insufficient turbulence in combustion
chamber, the homogenous air/fuel mixture is prevented, and it causes
CO formations and increase of soot emissions. Soot emissions are solid
particles coming out as the result of combustion. As the amount of bio-
diesel in the test fuels increases the soot emissions decrease. The oxygen
content of biodiesel increases the combustion rate; hence, the genera-
tion of CO can be prevented. Higher heat release rate are obtained
with B25, B75, and B100 compared to diesel fuel apart from at full
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Fig. 8. The variation of NOy emissions versus engine load.
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Fig. 9. The variation of CO and soot emissions.

load. It can be concluded that higher heat is released to the combustion
chamber by using B25, B75, and B100 test fuels. It results better combus-
tion rate due to warmer combustion chamber. CO emissions obtained
with diesel are higher than biodiesel-]JP-8 fuel mixtures for all engine
loads. It can be noticed that there is no significant heat release rate dif-
ference between B100 and diesel fuel. Moreover, it is also possible to say
that higher heat release rate is obtained with B100 compared to diesel
fuel at part loads. Higher heat release rate increases the combustion
chamber temperature. It accelerates the oxidation reactions. The
highest CO and soot emissions are obtained with J100.

4. Conclusions

The widespread use of diesel engines in transportation and shipment
and the pollution of atmosphere and environment by the exhaust emis-
sions caused by diesel engines cause the alternative fuel researches for
these engines to be continued in a rapid manner. At this point, JP-8 avia-
tion and biodiesel fuel mixtures can be used as alternative fuel in diesel
engines. The effects of six different test fuels (B25, B50, B75, B100, J100
and diesel) on combustion, engine performance, exhaust emissions in a
single cylinder, and direct injection diesel engine were experimented at
maximum torque speed (2200 min~ ') and four different engine loads
(7.5,11.25,15 and 18.75 Nm). The test results showed that maximum cyl-
inder pressure increased as the amount of biodiesel increased and maxi-
mum cylinder pressure was obtained with B100 fuel at full load
(18.75 Nm). Moreover, the combustion was advanced as the amount of
biodiesel fuel increased. Equivalence ratio increased and COVjpep, de-
creased as the engine load increased. Leaner mixture in the combustion
chamber increases the cyclic variations. Ignition delay decreased as the
engine load increased. As a result of an increase of energy taken to the cyl-
inder, the pressure and temperature in combustion chamber increase,
and the ignition delay period shortens. Besides, the ignition delay has
shortened as the amount of biodiesel in the test fuels increases. The low
cetane number of JP-8 fuel causes the increase of ignition delay period.
The specific fuel consumption per unit power increased when biodiesel
was used because of higher density and low heating value. As the engine
load increases, specific fuel consumption decreases for all test fuels. Oxy-
gen content of biodiesel improves the oxidation reactions. For this reason,
combustion gas temperature increases at the end of combustion. Conse-
quently, NO, emissions increase but CO emissions decrease as the amount
of biodiesel in the test fuels increases. Higher oxygen content of biodiesel
accelerates the oxidation reactions, and causes the reaction of carbon
monoxide. Consequently, it has been observed that JP-8 and biodiesel
fuel mixtures can easily and efficiently be used in diesel engine. It has
been observed that the engine's performance might be increased and ex-
haust emissions can be decreased as a result of the usage of different fuel
mixtures.
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