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The chemical property of fuel seriously affects it’s the spray and atomization. Better
atomization contributes to higher efficiency and less exhaust emissions. Fuel characteris-
tics can be improved by addition of additives in the fuel. In this study, n-hexane additive
was added in diesel and two different biodiesel fuels. The additive decreased the cetane _
number, density and viscosity values of the test fuels while increased the lower calorific Eg\clies'zgd gg:giéggg
value. As a result of the experiments, it was seen that there was an increase in the engine  accepted  13.05.2023
torque, engine power and specific fuel consumption by adding additives. Engine torque
increased by 1.09% in DHX16 fuel compared to DO fuel, 5% in RHX16 fuel compared
to RO fuel and 3.29% in CHX16 fuel compared to CO fuel. The ignition delay decreased
with additives and the cylinder pressure increased. The reduction in CO emissions was
7.07% in DHX16 fuel, 12.86% in RHX16 and 12.85% in CHX16 fuel. This decrease in  « corresponding author
HC emissions was 17.04%, 18.42% and 16.66%, respectively. In terms of NOx emissions,  Cihan Baymdirh
there was an increase of 4.73% in DHX16 fuel mixture compared to DO fuel, 0.98% in  cbavindirli@ohu.edu.tr

: : . Address: P f Automotive Tech-
RHX16 fuel mixture compared to RO fuel and 2.01% in CHX16 fuel mixture compared nologeystigﬁgrf,”gc‘;tio,?a?g‘;gvo‘iofjf

to CO fuel due to the improvement of combustion. Technical Sciences, Nigde Omer
Halisdemir University, Nigde, Tiirkiye
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1. Introduction renewable fuel in transportation by 2020 [4]. Biodiesel it can

produce from domestic energy sources, it does not include toxic
effect. Compared with diesel fuel, it has suitable combustion
profile with features for example lower carbon monoxide (CO),
hydrocarbon (HC) and particulate matter emissions (PM),
higher cetane number and lower sulfur content. Thus, the impact
of biodiesel combustion on greenhouse gas decreases [5-6].
Biodiesels reduce harmful exhaust emissions. Many studies
prove that vehicle-based emissions cause serious health prob-
lems in the respiratory [7]. The thermophysical characteristics
of fuels are related to atomization, air-fuel mixture rate, com-
bustion, emission, and engine efficiency [8]. It can be improved
with the additives added into the properties of alternative fuels
[9]. Improvements in fuel properties are positively reflected in
engine parameters [10]. The mixture of diesel, biodiesel and al-
cohol was used in experimental study. The BSFC of fuel mix-
tures increased between the rates of 4.54% - 27.82% compared
to diesel fuel. The total emissions of decreased compared to die-
sel fuel. Alcohol caused the decreasing of heat dissipation rates
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In today's world, energy is indispensable for daily life, agri-
cultural, industrial and transportation due to different using [1].
Energy is one of the most important factors that effect on daily
life. As the world population, economic activities and living
standards increase, requirement to energy resources increases.
Big percent of energy demands are met from fossil sources [2].
The using of diesel engines is very popular due to their durabil-
ity and fuel economy in industrial applications. The combustion
in the cylinder occurs at high temperatures in diesel engines.
Therefore, NOX and PM emissions are inevitable in the com-
bustion process. Since these emissions pose serious problems
especially in terms of greenhouse gas effect and human health.
The regulations regarding these emissions of diesel engines are
happening stricter worldwide [3]. Using of fossil fuels forms en-
vironmental threat in the form of climate change and global tem-
perature. For these reasons, countries plan to use clean and re-
newable energy. Requires from EU members to using 10% of
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[18]. The effects adding of ethanol, methanol and n-butanol in
reference fuel were investigated of combustion performance.
Slow flame development has been with adding that additives
when compared to reference fuel. It was determined that CO-
Vimep reduced with increasing mixture rate. The ID increased
of alcohol mixtures. NOX emissions has increased. CO emis-
sions decreased [19]. Elkelawy et al. was obtained three differ-
ent types of mixed fuel which are B20 and B50 added 2%, 4%
and 6% organic compounds into the two main blend fuels, AC2,
AC4 and AC6. In the results for B20AC2 fuel, the BTE in-
creased by 12.64% compared. In addition, the exhaust gas tem-
perature decreased by 18.09%. Emissions of CO, CO2, UHC
PM decreased by 63.38%, 22.69%, 47.76% and 40.84%, respec-
tively [20]. In another study, the influence of biodiesel and di-
ethyl ether additives in diesel were tested regarding performance
of diesel engine. The specific fuel consumption of D70B30
fuel increased while compared to diesel fuel. BTE increased in
many loads in DEE (D70B25DEES) fuel added to diesel-bio-
diesel fuel [21]. In a study was mixed with methanol and coco-
nut oil in different proportions. In conclusion, the best results
M20 fuel. While the maximum power was 3.2 kW for diesel fuel,
it was 3.1 kW for M20 fuel. It was stated that this is due to the
lower calorific value of blended fuels compared to diesel fuel.
Although the thermal value of the blended fuels was low, their
BTE was high and BSFC values rised in experiments. The CO

emission increased; NOX emission decreased in blended fuels
[22]. Oztiirk et al. delayed the injection timing to overcome
NOX in diesel engines. In the experiments, they used diesel -
biodiesel mixed fuel. As a result, it was seen that less NOX
emission occurred in 20CA injection delay. It was observed that
further increase in injection timing worsens the test results. 11%
reduction in NOX emission and 2.7% reduction in BSFC was
obtained in 20CA injection delay [23].

The aim of this study is experimentally examining the impact
of n-hexane additive in diesel fuel, rapeseed, and cottonseed me-
thyl ester on account of engine performance and exhaust emis-
sion values. It was aimed to improving of fuel properties then
performance values and emissions of fuels with n-hexane addi-
tives in diesel and biodiesel.

2. Material and Methods

The biodiesels were produced from rapeseed and cottonseed
oil by the transesterification method. NaOH and methanol were
used in production of biodiesels as catalyst and alcohol by vol-
ume. While preparing the test fuels, n-hexane additive was
added in diesel (DO0), rapeseed (R0) and cottonseed methyl ester
(CO) at the rate of 8% (DHX8-RHX8-CHX8) and 16%
(DHX16-RHX16-CHX16). The properties of the fuels with ad-
ditives are shown in Table 1.

Table 1. Properties of test fuels

Cetane Number Density Viscosity Lower Heating Value
(kg/m8. 15 °C) (mm?/s. 40 °C) (MJ/kg)
ASTM D 6751 ASTM D 1298 ASTM D 445 ASTM D 2015
DO 52.1 0.838 2.4 41.3
DHX8 51.6 0.812 2.14 41.95
DHX16 50.7 0.788 2.03 42.8
RO 60.1 0.834 4.47 39.35
RHX8 56.4 0.817 3.09 39.54
RHX16 54.2 0.809 2.67 39.81
Co 57.1 0.886 4.64 38.69
CHX8 54.2 0.871 351 38.95
CHX16 51.5 0.852 2.79 39.16
n-hexane 44.8 0.65 0.51

Engine experiments were carried out in 6 different rpm at con-
stant engine operating temperature, ensuring stable working
conditions. Improving of fuel properties was intended with n-
hexane additive in biodiesels. The experimental setup is shown
in Fig.1. The technical properties of the test engine were given
in Table 2.

Bosch-BEA 350 model exhaust emission device and Bosch
brand RTM430 model smoke measurement kits were used. It
measures NOX, CO2, CO, HC, emissions and smoke darkness,
the rate of exhaust gas to volumetric flow rate as the measure-
ment system of CP forms from CP sensor, amplifier, encoder
data acquisition card. It sensitively filters and provides the con-

version of the voltage produced by the pressure sensor depend-
ing on the pressure inside the cylinder. Table 3 shows the fea-
tures of cylinder pressure measuring system elements. CP was
obtained by considering of pressure inside the cylinder obtained
for every 10CA range up to 720 oCA in each cycle. Table 3.
Features of cylinder pressure measuring system elements. Some
corrections must be made to the signals before processed. After
converting the analog signals of the pressure sensor to digital
signals, the pressure data obtained by multiplying the reference
pressure value with pressure sensor. In-cylinder pressure values
were gained at 1 °CA intervals and converted into digital signals.
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1. Test engine, 2. Platform, 3. Hydraulic dynamometer, 4. Air-intake. 5. Flowmeter,
6. Balance, 7. Diesel injector, 8. Cylinder pressure sensor, 9. Diesel fuel pomp,
10. Encoder, 11. Bosch gas analyzer, 12. Exhaust pipe, 13. Opacimeter, 14. MRU
gas analyzer., 15. Data acquisition system for combustion analyzes, 16. PC for
combustion analyzes, 17. Load - cell for engine torque. 18. Engine speed sensor,
19. Data acquisition system for engine performance, 20. Engine test controller,

21. Amplifier.

Fig. 1. Experimental setup [26]

Table 2. Specifications of test engine

Model 3-LD-510
Number of cylinders 1
Volume of cylinder 510
Diameter-Strok, mm 85x90
Compression ratio 17.5:1
Maximum engine speed, 3300
Maximum engine torque, 32.8
Maximum engine power, 9
Cooling type Water cooling

Table 3. Features of cylinder pressure measuring system elements

Pressure Sensor

Brand — Model Kistler- 6052C
Type Piezoelektrik
Measuring range, bar 0-250
Operating temperature, °C -20-350
Amplifier
Brand — Model Kistler-5018A
Number of canal 1
Measuring range, pC 2-2200000
Output signal, volt -10-10
Frekans, kHz 0-200
Operating temperature, °C 0-50
Encoder
Brand — Model Kiibler-Sendix 5000
Measuring range, rpm 0-12000
Operating temperature, 0oC -40-85
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According to four nodes,1st order derivative of the function is
seen in Eq. 2.
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3. Results and Discussion

Fig.2 and Fig.3 shows the engine power and torque graph.
With the increase of n-hexane ratio in diesel and biodiesels, en-
gine torque and engine power increased in all speeds. The max-
imum engine torque was obtained in 1400 rpm and there was
0.6% improvement in DHX8 fuel and 1.09% improvement in
DHX16 fuel compared to DO fuel. According to RO fuel, 4%
improvement was obtained as in RHX8 fuel and 5% in RHX16
fuel. It was 1.55% in CHX8 fuel and 3.29% in CHX16 fuel com-
pared to CO fuel. Adding of additive in biodiesel fuels has better
effect than diesel. This is result from that the biodiesel fuel prop-
erties worse than diesel fuel. Maximum engine power was ob-
tained in 2800 rpm 8.40, 8.55 and 8.65 kW for DO, DHX8 and
DHX16 fuels respectively, 7.17, 7.53 and 7.72 kW for RO,
RHX8 and RHX16 fuels respectively, and 7.74, 7.90 and 8.15
kW for CO, CHX8 and CHX16 fuels respectively.

120



Celik et al. / International Journal of Automotive Science and Technology 7 (2): 118-124, 2023

o 1 V. [, T
S BVERS ivovomeevcineers

8!
~6
s
x
qh’ -
S
c
4 = £
2 DO
) DHX8
woo- DHX16
RO
2 RHX8
RHX16
Co
[ CHX8
I cHx16
[V T T
1000 1400 1800 2200 2800 3200
Engine Speed (rpm)
Fig. 2. Engine power graph of test fuels
40
35
30 +
€ 25
S
]
g 20
(=]
=
o
£ 15 |
2
w
10
5
0 | 1 J
1000 1400 1800 2200 2800 3200
Engine Speed (rpm)

Fig. 3. Engine torque graph of test fuels

The BSFC graph was given in Fig. 4. Those values were
263.92 g/kWh in DO fuel, 304.97 g/kWh in RO fuel and 288.61
g/kwh in CO fuel in 1400 rpm. The maximum decreasing in
BSFC was obtained as 1.49% in DHX16 fuel. The 8.81% in
RHX16 fuel and 5.55% in CHX16 fuel at 3200 rpm. The den-
sity, viscosity and cetane number of the fuels decreased but LHV
increased with adding n-hexane additive. The features of the
spraying fuel in diesel engines have a big impact in performance.
Improvement of density, viscosity, and LHV properties affected
the penetration of fuel into the cylinder and allowed better atom-
ization. It can be thought that the result of good fuel atomization
and improved combustion quality by added to n-hexane, higher
torque and power were obtained in experiments.

Better fuel atomization forms smaller fuel droplets in com-
bustion chamber. It provides better fuel-air mixture. Although
fuel injection behaviors depend on fuel system properties and
geometry, it was also affected by fuel properties such as lower
density and lower viscosity. This is because n-hexane forms bet-
ter combustion reaction at low temperatures. Keeping the mix-
ture within a certain limit is important for engine power [11-13].
The density, viscosity and LHV of the fuel’s effects BSFC. The

fuel which has higher LHV ensures better BSFC. Reducing
BSFC will have an impact on greenhouse gas emissions, energy

security, and price of fossil fuels [14].
400 +
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Fig. 4. BSFC graph of test fuels
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The cylinder pressure and HRR graphs were given in Fig. 5-
7. The viscosity can change the combustion process because of
it affects the molecular structure of the fuel and energy content.
Since the high viscosity wills forms larger fuel droplets during
spraying, the ID increases. Addition of additive causes a de-
crease in viscosity and density. Combustion will be better since
this positively affects to atomization, evaporation and spread in
the cylinder [15].

The increase in CP affected the reduction of BSFC and burn-
ing time. With the addition of the additive, the viscosity de-
creased, and the viscosity approached the more ideal point. So,
it improved the atomization characteristic and provided better
combustion and higher CP. The HRR and ID and are important
parameters to investigate of combustion characteristics of diesel
engines. Fuels with high cetane number provide shorter ID and
better fuel-air mixture. Fuel with low density and viscosity evap-
orates more quickly and makes shorter ID. The rate of HRR is
directly dependent on ID and fuel characteristics [24].
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In previous studies, cetane number, LHV, H/C ratio, etc.
showed that fuel properties affect maximum cylinder pressure,
HRR and combustion temperatures [16]. The time of ID at 1400
rpm was 14-12 and 130CA in DO, R0 and CO fuels, respectively.
With the addition of additives, the ID time was shortened be-
cause the additives of the fuels strengthened the combustion. ID
time for DHX16-RHX16 and CHX16 fuels in test fuels was 11-
10 and 110CA, respectively. With the reducing of viscosity of
fuel, better evaporates and penetrates the larger area of the fuel
being sprayed. This situation allows to better mix of fuel with
the air during combustion. The combustion completes in a
shorter time and not overlaps the combustion phase. It is thought
that faster burning increased brake thermal efficiency.

Fig.8 and Fig.9 show CO and HC graphs. It is determined
that CO and HC emissions of biodiesel are lower than diesel fuel
[16]. The maximum reduction was 7.07% in DHX16 fuel com-
pared to DO fuel, 12.86% in RHX16 fuel compared to RO fuel,
and 12.85% in CHX16 fuel compared to CO fuel at 2800 rpm. In
HC emissions, the maximum reduction was 17.04% in DHX16
fuel compared to DO fuel, 18.42% in RHX16 fuel according to
RO fuel, and 16.66% in CHX16 fuel according to CO fuel. NOX
emissions are affected fuel properties and engine type, shape of
combustion chamber, injection time and type of injection system

[16]. Exhaust gas emissions are directly related to the distribu-
tion of the fuel spray [25]. Better viscosity and density values of
the fuels with additives increased the evaporation speed of fuel
spray and provided better combustion quality.
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Fig. 8. Graph of CO emission of test fuels

Fig.10 and Fig.11 show NOX and smoke emission graphs. In
NOX emissions, compared diesel (D0) fuel, there was 2.12%
increase in RO fuel and 3.76% increase in CO fuel at 2800 rpm.
There are 4.73% increase in DHX16 fuel compared to DO fuel,
0.98% in RHX16 fuel according to RO fuel, and 2.01% in
CHX16 fuel according to CO fuel. Addition of additives in fuels
increased NOX emissions. The smoke emissions decreased by
22.30% in RO fuel and by 16.24% in CO fuel according to diesel
(DO) fuel. The additive decreased to smoke emissions by 8.66%
in DHX16 fuel compared to DO fuel, 17.10% in RHX16 fuel
compared with RO fuel, and 9.35% in CHX16 fuel according to
CO fuel. The reason of decrease in smoke emissions in biodiesel
fuels compared to diesel fuel is the low sulfur and natural oxy-
gen content in biodiesel content. Besides, this caused an increas-
ing in NOX emissions. Combustion recovery causes high flame
temperature [23]. The decreasing of density and viscosity of the
fuel positively effects evaporation and atomization. Higher com-
bustion temperature, LHV losses cause increase in NOX emis-
sions. The additive increases the combustion temperature and
cause the formation of higher NOX in the cylinder. Smoke is an
undesirable product for diesel engines. Lower density and vis-
cosity of the fuel with n-hexane addition, improved atomization
and decreased smoke emissions.

4. Conclusion

In this study it was determined that LHV, viscosity, and den-
sity values increased while cetane number decreased with n-hex-
ane additive in test fuels. The cetane number is important fuel
specification for diesel engines. It was seen in this study, better
density and viscosity prevents the adverse effects of the decreas-
ing of cetane number. Since the additive positively affected the
fuel atomization characteristics, combustion performance in-
creased. Accordingly, compared to fuels without additives, the
engine torque increased in DHX16 - RHX16 and CHX16 fuels
by 2.97%-7.67% and 5.29% respectively. BSFC decreased by
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1.53%-5.16% and 4.18%, respectively. The pressure and heat 100 - — -
diffusion in the cylinder increased due to better combustion with 0o
additive. The additive reduces CO and HC emissions, especially i Bﬂi‘,’s '
in rich fuel areas. When compared to base fuels which have not 80 RO |
additive CO emissions decreased 7.07%-12.86%-12.85% re- Eg;‘;‘i’s
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other hand, emissions of HC decreased by 17.04%-18.42%-  _ ¢, CHX8
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9.35% in DHX16, RHX16 and CHX16 fuels. NOX emissions % 50
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