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ABSTRACT

The cold filter plugging point (CFPP) value of biodiesel fuel blends need to be improved because
of it has been reported that utilizing high concentrations of biodiesel blends in cold climates can
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cause major issues. Therefore, the main objective of the study is to improve CFPP value of biodiesel

blends using ethyl proxitol additive. It is also to examine combustion and emission of the blends
behavior. Biodiesel blends were prepared as; 5% ethyl proxitol-10% biodiesel-85% ultra-low sulfur
diesel (ULSD) named as E5B10 and 5% ethyl proxitol-20% biodiesel-75% ULSD named as E5B20
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fuel. These fuel blends were compared with ULSD fuel in a compression ignition engine at a con-
stant engine speed of 1500 rev/min and four different loads (idle, 1, 2, and 3 bar BMEP) of eddy
current dynamometer. The addition of ethyl proxitol led to a decrease in in-cylinder pressure and
temperature due to an about 1° later SOC and 2° earlier EOC compared to ULSD. The pressure rise
rate was slightly higher compared to ULSD at both low and high loads, with a difference of about
1 bar per degree. As a result, these blends with improved CFPP value can be used in cold climates.

1. Introduction

Compression ignition engines or diesel engines are com-
monly used for power generation [1]. However, harmful
exhaust gases resulting from the combustion of petroleum
products in diesel engines seriously affect both the environ-
ment and human health. recently, it has been subject to
public scrutiny [2]. Legislations have been pushed diesel
engines and their fuels to a continuous improvement in all
areas [3]. In order to eliminate or at least minimize these
negative impacts, the engine combustion chamber and
operating parameters are optimized using numerical and
experimental methods [4]. On the other hand, researches
are carried out to use cleaner and renewable fuels to minim-
ize exhaust emissions [5,6]. Many promising alternative fuels
have been proposed in previous studies. Alternative fuels
such as safflower methyl ester [7], polyoxymethylene
dimethyl ether [8], glycerol tert-butyl ether [9], canola oil
biodiesel [9], waste frying oil [10], sunflower oil [11], soybean
oil [12], palm oil [13], opium poppy oil [13] biodiesel methyl
esters, iso-propanol [10], ethanol [14], methanol [15], n-buta-
nol [14], and toluene [16] were successfully used as a fuel in
a compression ignition engine. In the studies, it was under-
stood that it is possible to use biodiesel obtained from
vegetable oils or animal fats in a diesel engine [17].
Biodiesel production costs are higher than fossil-based
diesel fuel when biodiesel is produced from edible vege-
table oil sources. About 80% of the total biodiesel produc-
tion cost consists of the direct materials cost [18]. Moreover,
edible oils are a nutrient source. Biodiesel production from
edible oils will increase the need for agricultural land and
hence the risk of deforestation [19]. However, biodiesel pro-
duction from waste oils is very low-priced. Moreover, the

usage of households and industrial waste oil as biodiesel
helps in solving the disposal problem.

Dumped cooking oil into water sources and therefore
pollution of drinking water and clog drainage may be pre-
vented by converting waste vegetable oils into liquid fuel.
Biodiesels derived from waste vegetable oils have dual
benefits for both the environment and industries [20].

CFPP is the point where the existing crystals agglomer-
ate as the temperature of the crystals formed at the cloud
point decreases further in the fuel. When this temperature
value is reached, the fuel filter becomes clogged. The crit-
ical weakness of biodiesel is its low-temperature flow prop-
erties, limiting its use in cold weather. Biodiesel tends to
solidify or gel at low temperatures. Solidified biodiesel
causes problems in the fuel line, filter, and injectors of the
engine system. Biodiesel has a higher cold filter plugging
point (CFPP) value compared to diesel fuel [21]. CFPP is the
lowest temperature at which 20ml of fuel can pass
through a standard fuel filter in 60s without being gelled
or solidified [22]. The higher CFPP of fuel limits the oper-
ation in cold regions. There are international standards for
the CFPP. According to one of these standards, DIN EN
14214, the CFPP value for biodiesel is 0°C for summer,
—10°C for spring and autumn, and —20°C for winter [23].

1.1. Literature review

In previous studies, it was aimed to improve the cold flow
properties of biodiesel by using some methods. Adding
fuel additives, using biodiesel as a blend, and winterization
are some of these methods. Giraldo et al. investigated the
effects of cold flow properties using additives to palm oil
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biodiesel [24]. By adding a 2-Butyl ester (5%) to biodiesel,
cloud and pour points of the fuel were reduced by 6°C.
They found by using particle size analysis that the crystal
size and crystallization point of esters decreased by using
additives. Wang et al. studied the influence of polymaleic
anhydride, polymethyl acrylate, poly-a-olefin, and ethylene
vinyl acetate copolymer additives on cold flow properties
and viscosity of waste cooking oil biodiesel [25]. Polymethyl
acrylate was found to be the most effective additive in
improving the cold flow properties of biodiesel. It was found
that the addition of 0.04% polymethyl acrylate to biodiesel
reduced the CFPP value by 6°C.

Ranjan et al. investigated the effect of MgO nanoparticles
on combustion, emission, and cold flow characteristics of
biodiesel. They found that MgO nanoparticles at 30 ppm
concentration improved the CFPP value of the blend with-
out changing other fuel properties considerably [26]. Okoye
et al. used triacetin and diacetin as oxygenated fuel addi-
tives in order to improve the cold flow properties of bio-
diesel [27]. Ors et al. studied the addition of TiO,
nanoparticles in biodiesel fuel blends for combustion, per-
formance, and emission of compression ignition engines.
The addition of TiO, nanoparticles increases the torque and
power, but, this additive has not much effect on kinematic
viscosity, density, and cold flow properties of the fuel blend
[28]. Wang et al. determined that low-temperature proper-
ties of biodiesel were improved during biodiesel production
from waste cooking oil and fusel alcohols using the biocata-
lyst method [29]. Lv et al. used DEP, polyglycerol ester, and
PA additives to improve the low-temperature properties of
palm oil biodiesel and reduced the CFPP of biodiesel by
7°C [30]. Park et al. compared the CFPP specifications by
blending palm, soybean, and rapeseed biodiesels in certain
ratios [31].

Palm, rapeseed, and soybean biodiesels have CFPP values
of 10.0, —20.0, and —3.0°C, respectively. The low CFPP of
Soybean biodiesel decreased the CFPP of the blend. Moser
and Erhan achieved the best cold flow performance with
2-ethylhexyl ether which has a cloud point and pour point of
—26°C and —29°C, respectively [32]. Monirul et al. examined
the cold temperature behavior of coconut biodiesel blends
using poly(methyl acrylate) additive [33]. They improved the
CFPP by adding poly(methyl acrylate) of 0.03%. On the other
hand, the additive decreased the BSFC by 3.25%, while it
increased the thermal efficiency by 2.16%. Cao et al. investi-
gated the effects on cold flow properties by adding ethyl
acetoacetate to waste cooking oil biodiesel [34]. With a 20%
additive of ethyl acetoacetate to the biodiesel, the CFPP
value decreased by 4°C. The aforementioned studies were
carried out to improve the CFPP characteristics of biodiesel
so that the fuel can be utilized in cold regions.

The use of biodiesel blends, up to 20%, has been
approved by some engine manufacturers and the European

Union's Renewable Energy Directive requires at least 10% of
transportation energy to come from renewable sources [36-
38]. Within this framework, 10% and 20% of biodiesel as a
test fuel were used in this study. Because of the higher CFPP
value of biodiesel, it is limited the usage in cold regions.
Since the CFPP value of ethyl proxitol (1-ethoxy-2-propanol)
is very lower, it also decreases the CFPP value of biodiesel-
diesel blends [35]. Ethyl proxitol additive improves the cold
flow characteristics of biodiesel. Therefore, the blends can be
used in a compression ignition engine under a wide range of
weather conditions. Low level of ethyl proxitol that has a lower
calorific value was used to maintain combustion parameters
while improving the cold flow characteristics of the blends.
Combustion and emission characteristics of the engine fueled
with diesel, biodiesel, and 1-ethoxy-2-propanol (ethyl proxitol)
were examined and compared with an ultra-low-sulfur diesel
(ULSD). The aim of this study is to use of ethyl proxitol additive
is intended to explore the viability of using biodiesel at high
concentrations in diesel engines. In the literature review, no
low-rate ethyl proxitol added to biodiesel blended fuel studies
were found. In the present study, the combustion and emission
changes of the ethyl proxitol additive, which has good cold
flow properties, with biodiesel-diesel fuel were particularly
investigated. The experiments were conducted with the E5B10,
E5B20, and ULSD fuels in a compression ignition single-cylinder
engine at idle, 1, 2, and 3 bar BMEP. A comprehensive analysis
was done to find suitable fuel alternatives for compression igni-
tion engines.

2. Material and methods
2.1. Test fuels

1-ethoxy-2-propanol (ethyl proxitol) is colorless to faint yellow
liquid form. It is a solvent of glycol ethers. Ethyl proxitol was
used to improve the cold flow properties of the biodiesel
blends. Diesel was blended with 5% of 1-ethoxy-2-propanol
+ 10% of biodiesel (E5B10) and 5% of 1-ethoxy-2-propanol +
20% of biodiesel (E5B20) using the mixing method until a
homogeneous mixture is achieved for the experimental work.
The characteristics of test fuels used in this study are listed in
Table 1.

The characterization of test fuels (ULSD, E5B10, and
E5B20) is listed in Table 2. 20% sunflower oil, 40% soybean
oil, and 40% vegetable waste oil biodiesel and ethyl proxi-
tol addition to diesel fuel increase the viscosity and density
whereas decreasing the cetane index. Distillation tempera-
tures of the test fuels were examined for T10, T50, and T90
i.e. 10%, 50%, and 90% distillation temperatures respect-
ively. It can be seen that ethyl proxitol significantly reduces
the CFPP value of the fuel blend compered the neat
biodiesel.

Table 1. Characteristics of ULSD, ethyl proxitol and pure biodiesel fuels.

Parameter ULSD Ethyl proxitol Biodiesel EN 14214 ASTM D6751
Density [kg/m?] 832 896 bggg 860-900 —
Heating value [kJ/kg] 43490 28500 38122 — —
Kinematic viscosity, 40°C [mmz/s] 2.855 234 b5.8 3.5-5 —
Cetane index 52.78 b56.82 51 min. 47 min.
CFPP [°C] —15 —55 -3 -20 -12
Flash point [°C] 74 b148 120 min. 130 min.

a: [39] b: [35], c: [40]



Table 2. Characterization of test fuels.
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Viscosity Density Cetane Calorific Distillation, Distillation, Distillation,
Test fuels [mmz/s] [g/cm3] index value CFPP [°C] IDP, [°C] T10 [°C] T50 [°C] T90 [°C] FDP, [°C]
ULSD 2.8553 0.8320 52.78 43,490 —15 164.0 205.8 264.6 325.9 355.8
E5B10 3.1092 0.8390 52.70 43,048 —13 125.9 201.6 282.0 345.0 358.8
E5B20 3.5273 0.8470 51.11 42,414 —11 87.1 2135 290.7 337.8 348

Table 3. The test engine specifications.

Engine Specifications

Kirloskar TV1 (naturally aspirated, four-stroke, compression ignition)

Total displacement
Compression ratio
Bore/Stroke
Connecting rod length
Start of injection
Maximum power

0.661 liter
17.5:1
87 / 110 mm
234 mm
0-25° bTDC
5.2kW @ 1500 rev/min

Fuels

Diesel Engine

@ Data Logger ‘e
Sensor Group f
Crank Encoder
I

Exhaust Gas Analyier

Generator

Computer

Figure 1. Schematic diagram of the experimental set-up.

2.2. Test methods

The experimental work was carried out with a naturally aspi-
rated, four-stroke, variable compression ratio, and compres-
sion ignition engine (Kirloskar TV1) at Batman University,
Automotive Engineering Department, Engine Laboratory.
The main characteristics of the test engine are presented in
Table 3. The experiments were performed at a constant
speed of 1500 rev/min and different loads namely idle, low
(BMEP of 1 bar), medium (BMEP of 2 bar), and high (BMEP of
3 bar) using a directly coupled eddy current dynamometer.
The test engine was controlled using the dynamometer con-
trol software and data were collected for each crank angle.

A schematic diagram of the experimental setup is shown
in Figure 1. The exhaust emissions of the engine were meas-
ured using an exhaust gas analyzer (Capalec CAP3200) during
the experiments. In-cylinder pressure measurements were
conducted with Optrand D33294-Q pressure transducer with
a sensitivity of 1.35mV/psi. Temperatures of ambient air,
engine coolant, engine oil, and exhaust were measured with
thermocouples. In-cylinder pressure, temperature, heat
release rate, cumulative heat release and fuel line pressure

values against the crank angle were collected with the com-
bustion analysis software [41]. Accuracy, uncertainty, and
measurement range of the test devices are listed Table 4.

Engine oil, lubricant, and air filtration were checked
before starting the experiments. All engine data were col-
lected when the exhaust temperature reached a steady
state. The test engine is operated at constant-speed of 1500
rev/min which is the maximum brake torque speed. Thus,
experimental conditions were defined to determine the
emission and combustion characteristics of the test fuels
used in this engine. All measurements were repeated three
times and results were averaged.

2.3. Calculation methods

The ICEngine Software (version 9.0) collects the in-cylinder
pressure and crank position data for each crank angle degree
using the cycle averaged (10 cycles) values [41]. This code
executes the combustion calculations by processing the pres-
sure measurements and by using the test engine specifica-
tions. A simplified first law analysis of thermodynamics was
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Table 4. Accuracy, uncertainty, and measurement range of the test device.

Parameter Measurement range Accuracy Uncertainty
Engine speed 0-12,000 rev/min +0.1% +1.0%
Pressure sensor 0-200 bar +0.5% +0.2%
Precision scale 0.5-30,0009 +0.1g +0.1%
Co, 0-21.0% +0.1% +0.5%
NOy 0-10,000 ppm +1.0 ppm +1.0%
HC 0-20,000 ppm +1.0 ppm +1.0%
BMEP — — +1.0%
Heat release rate — — +0.2%

used to calculate these parameters. Heat release rate was cal-
culated as given below:
dv 1 dap
i v

dQ
@ _ p_ il
40— y—1'do y—1'do

The total or cumulative heat release can be calculated
using the integral of the heat release rate with the follow-
ing equation:

Jdo - J (ﬁ) plav) + J <(v1ﬁ> Vide) ()

The specific heat ratio is calculated using the average gas
temperature with the equation below [42,43].

y=-60-10">-T+1078.72+1.338 3)

(M

The Hohenberg heat transfer coefficient is calculated with
the combustion parameters in the equation below [44].

h= COV70.06 . p0.8 . T70.4[Cm + 1.4}048 (4)

In-cylinder pressure values are used to calculate the knock
density and the parameters are given in the following
equation [45].

dp(0) = [86(pi—4a — pia) +142(pir3 — pi-3) +193(pir2 — pi—2) +126(pis1 —Ppi1 )]

1118460

(5)
The knock density is filtered to decrease the signal noise
using the equation below [42].

)= [2(pi—a = Piya) + 3(Pir3 +Pi-3) +4(piv2 +Pi-2) + 5(Pit1 +Ppi+pi-1)]

F(o 33

(6)

All experiments were carried out very precisely under the
same conditions. The data were obtained at different loads
and fuel blends. And also, all obtained data were processed
with ICEngine software, then the comparative figures were
prepared in MS Excel.

3. Results and discussion

Biodiesel is a renewable energy source and a biodegradable.
Biodiesel usage is a way of reducing the carbon footprint as
the plants absorbed, which is used for its production. Low-
concentration biodiesel blends can be used on modern
engines without the need for any modification. Due to poor
cold flow characteristics of biodiesel, ethyl proxitol additive
can be utilized.

3.1. Combustion analysis

The important combustion parameters such as pressure, tem-
perature, rate of heat release rate, knock density, cumulative
heat release, and pressure rise rate variation according to
crank angle were examined for test fuels. In order to eliminate
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Figure 2. The pressure and heat release rate curves at varied loads for test
fuels.

the cycle-to-cycle variation, all combustion parameters were
used cycle averaged values in the calculations.

In-cylinder temperature and heat release rate values were
illustrated in Figure 2. In-cylinder maximum pressure reached
maximum value with ULSD for all loads except low load (1 bar
BMEP). At a low load, maximum pressure was obtained with
E5B10. ULSD reaches 54.36 bar@9° ATDC, 62.8 bar@9° ATDC,
and 66.7bar@10° ATDC, after top dead center at idle,
medium, and high loads, respectively. E5B10 reaches the
highest pressure at low load as 55.73 bar@9° ATDC. Heat



Table 5. SOC, EOC and combustion duration variation of test fuels.

BIOFUELS 5

idle 1 bar 2 bar 3 bar
Fuels SocC EOC Duration SoC EOC Duration SOC EOC Duration SocC EOC Duration
(° CA)
uLSD -10 26 36 -10 26 36 -10 30 40 -10 31 |
E5B10 -10 25 35 —-10 26 36 -10 28 38 -10 29 39
E5B20 -9 25 34 -9 28 37 -10 28 38 -9 28 39
1000 3 release rate (HRR) increment also occurred somewhat earlier
900 | T ULSD [ with E5B10. The crank angle position at which in-cylinder
2 800 ===t et ST e ] 8 maximum pressure occurred did not change considerably
DN I P 714 ©  with the addition of ethyl proxitol and biodiesel in compari-
é 600 _ﬂ_,,/" ,;':}7:-“:-&\‘*\ é son with ULSD (occurred at approximately at 9-10° ATDC).
% 500 e // e 2 & The maximum cylinder gas pressure (CGP) and mean gas tem-
2 - / 1o 8  perature (MGT) values were decreased with the addition of
;" 100 b F ¢ ethyl proxitol and biodiesel owing to the late start of combus-
S 0 TNy L d 12  tion (SOC) and early end of combustion (EOC) at low and high
W e a) Speed: 1500 ipm  f 4 load. The higher peak pressure of ULSD compared with E5B10
100 Tosid: Kdls and E5B20 can be attributed to the higher cetane index [46].
0_20 10 0 10 20 i a0 a SOC was slightly earlier for ULSD among all test fuels
Crank Angle (°) because of the poor atomization and mixing properties of
1000 Lo 8 biodiesel and ethyl proxitol probably due to their higher
ioll PR ST R, é viscosity. Nevertheless, addition of ethyl proxitol to the bio-
< 800 F _ Lemoo ,;:/’" ™4 _ diesel blends, the combustion durations of E5B10 and
% 700 — . 14 % E5B20 were shorter that ULSD. SOC, EOC and combustion
Eo0f A a2 i;/ duration values of test fuels were listed in Table 5.
o e . )
£ 500 v Z The MGT of ULSD, E5B10 and E5B20 reaches 897.7K,
g 400 ,/ —_— 10 f 861.6K and 851.1K for idle load; 909.9K, 928.8 K and 909.6 K
§ 300 Fm—a, / 1 2% forlow load; 1009.9K, 990.8K and 980.2K for medium load;
= \\\\_“ // Sooed: 1500 1058.9K, 1046.0K and 1041.3K for high load, respectively
100 Nt b e 1 (Figure 3). The addition of ethyl proxitol and biodiesel in
0 ; ; ; ; % most load conditions decrease the mean gas temperature. In
-20 -10 0 10 20 30 40 addition, the ethyl proxitol and biodiesel blends reduce the
1200 Crankcfinglei() . knock density except for E5B10 at a low load. At this load,
_____ ULSD E5B10 started to increase earlier compared to the ULSD and
1000 | ---ESBIO e ilE: E5B20 fuels. Knock density of E5B10 was between —4.34 and
S -~ ESB20 7T T==ad 4 & 3.5bar/3° (Figure 3). Neither of the test fuels’ knock density
g 800 — 9,;';’ . /;’?’"‘ "'\\___\_ 9 & levels was found to be more than 5bar/3°, which is typically
’:,;_ & //’ E the upper limit for the beginning of the noticeable knocking
8 000 f e rd 1% € in the diesel engine combustion [47].
)  — = .
& [T ——— / 42 The rate of heat release according to crank angle for
400 ! 9 9
o 4 Ny . .
§ AN ,/ i _45 test fuels are shown in Figure 4. The heat release values
200 “\f_.;/ Speed: 1500 rpm provide detailed data about the combustion characteristics
) Ioad: 2 ba 1°¢ of test fuels. The maximum heat release values for test
0 " 1'0 : 1‘0 2'0 2'0 0 -8 fuels were taken place at about 26° ATDC for idle load, 27°
) ) Crank Angle ) ’ ATDC for low load, 28° ATDC for medium load, and 31°
1200 8 ATDC for high load. The highest heat release value was
""" ULSD R Il & obtained with ULSD fuel as 584.0J@ 31° ATDC at high
g 1000 mm oI A e load. The higher heating value and shorter ignition delay
2 = «=: E5B2 7 b ~ . . .
2 e FIB20 Pl P e ol increase the released chemical energy of fuels with the
. — 7 3 ~ S . X
§ /,, /" ~4 2 E combustion phase. It can be shown in Table 1 that ethyl
Q 4
g 600 | 4 /7 1o £ proxitol and biodiesel have a lower heating value than
2 :" // § ULSD reference fuel. Thus, E5B10 and E5B20 have lower
g“ 400 | TN / s € heating value than ULSD. However, the heat release values
S \\\\ / {4 did not decrease proportionally for the ethyl proxitol-based
200 \1;,/ @ Dt bibapm % fuel blends. This is due to fuel blends based on ethyl proxi-
- Load: 3 bar . . . .
tol improving the combustion properties. Therefore, the
0_20 10 0 10 20 10 40 - combustion efficiency was also improved. The pressure rise
Crank Angle (°) rate of test fuels is illustrated in Figure 4. With the incre-

Figure 3. The MGT and knock density curves at varied loads for test fuels.

ment of biodiesel ratio in the fuel blends, pressure rise rate
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Figure 4. The HRR and pressure rise rate curves at varied loads for test fuels.

values diminish. The lowest pressure rise rate was achieved
with the E5B20 blend.

3.2. Emissions analysis

The variation of CO,, NOy and HC exhaust emission at dif-
ferent loads for test fuels used in the test engine are illus-
trated in Figure 5. CO, emission is the primary source of
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Figure 5. The variation of CO, HC, and NOy emissions at varied engine
loads.

global warming and causes to raise in the temperature of
the earth [48]. Because high radiative forcing ability of CO,
is the drawback that contributes to atmospheric heating.
However, CO, levels are the representation of the complete
combustion ratio and the indicator of combustion effi-
ciency [49]. It can be understood from Figure 5, with the
increase of the engine load, CO, emission increases. When
the increase of the combustion efficiency, CO, emissions
also increase. Besides, with an increase in the engine loads,
the amount of fuel burned increases. Thus, high fuel
amount burned leads the higher CO, emission. With the
addition of the ethyl proxitol, the increased CO, emission
values of E5B10 and E5B20 fuels can be ascribed to greater
combustion efficiency and hence more complete combus-
tion. Figure 5 shows engine NOyx emissions for fuel blends
at different engine loads. The NOyx emissions increased for
all fuel blends when the engine load increased. The NOy
emissions are influenced by two main factors, one is the
local flame temperature and another is the duration of
flame at high temperature [50]. Using diesel-oxygenate
blends, increase the in-cylinder temperature and decrease
the duration of flame at high temperatures. The compre-
hensive effect makes the NOy tendency of the blends [49].
Therefore, in the present study, the NOy emissions of ethyl
proxitol base fuel blends were higher than ULSD.

Figure 5 presents the HC emissions produced by various
fuels under different loads. HC emissions are produced



when the engine cylinder is charged with a rich fuel-air
mixture that fails to burn completely [51]. The source of
HC emissions is the incomplete combustion of fuel, which
results in an unburned mixture of fuel and air. Moreover,
an excessively dilute mixture at the periphery of the fuel
spray also contributes to HC emission. In addition, the com-
bustion chamber wall surface is more prone to local flame-
out, forming a quenching layer where a significant amount
of HC cannot be burned.

The study found that biodiesel has the potential to
reduce HC emissions, as demonstrated by the comparison
between E5B10, E5B20 and ULSD fuels. The E5B10 blend,
which has inborn oxygen molecules contributing to the
oxidation reaction of the blends, showed lower HC emis-
sions than ULSD fuel under rated conditions. This can be
attributed to the more complete combustion facilitated by
the inborn oxygen in biodiesel. Thus, E5B10 blend emits
fewer HC emissions than other fuels, and its use is deemed
appropriate for diesel engines. The lowest HC emissions
were recorded when the engine was idling and fueled by
the E5B10 blend.

4. Conclusions

The effects of ethyl proxitol additive on combustion and
emission characteristics of biodiesel blends in a compres-
sion ignition engine were investigated at different loads of
the eddy current dynamometer. Although E5B10 and
E5B20 test fuels have a lower cetane index in the physical
and chemical analysis, it can be considered positive that
distillation temperatures and viscosity are very close to
neat diesel. The similarity of the change characteristics of
fuel types increased with the increment rate of pressure
and loads. An increase in the pressure increase rate was
observed with the increase in the loads. In general, the fol-
lowing conclusions can be drawn from this study.

e The mean gas temperature value of diesel fuel is lower
than E5B10 and E5B20 fuel at low load. It can be
attributed to the low flame temperature, low oxygen
content, and volatility compared to diesel.

e E5B10 and E5B20 test fuels showed a slight increase
in CO, and NOy emissions compared to neat diesel.

e E5B10 and E5B20 test fuels show a similar characteris-
tic to diesel fuel at almost all loads in terms of SOC,
EOC, and combustion duration. Furthermore, it has
been determined that the combustion and emission
parameters are almost parallel to the diesel fuel curves
in a way that does not have a negative impact.

Because of the harmful effects of fossil-based fuels on
environment and human health, findings of cleaner and
renewable energy sources have become increasingly
important. In comparison to the standard diesel, E5B10 and
E5B10 fuel blends fared better on combustion indicators.
To summarize, ethyl proxitol has the potential to become a
biodiesel additive that will improve cold flow characteris-
tics. Considering that fossil fuel (oil, gasoline, diesel, etc.)
reserves will run out one day, biodiesel is a renewable
source. Biodiesel can be a replacement for fossil fuels uti-
lized in generators and for non-road purposes, although it
partially reduces the engine performance.
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Nomenclature

Hy Calorific value, kJ/kg

ms Mass flow rate of fuel, kg/s

Q Rate of heat release, J/°

T Temperature of cylinder gas, °C
0 Angle of crank, °

v Cylinder volume, m?

% Specific heat ratio, kJ/kgK
Abbreviations

ULSD Ultra-low-sulfur diesel

E5B10 5% ethyl proxitol + 10% biodiesel 4+ 85% ULSD (in vol.)
E5B20 5% ethyl proxitol + 20% biodiesel + 75% ULSD (in vol.)
HC Hydrocarbon

HRR Heat release rate, J/°

co, Carbon dioxide

CGP Cylinder gas pressure, bar
CFPP Cold filter plugging point, °C
°CA Crank angle degree

MGT Mean gas temperature, K
NOy Nitrogen Oxides

IDP Initial distillation point, °C

FDP Final distillation point, °C
SOC Start of combustion, ° CA
EOC End of combustion, © CA
ORCID

Mahmut Beyaz
Selman Aydin
Ramazan Sener
Cenk Sayin

http://orcid.org/0000-0002-8641-468X
http://orcid.org/0000-0001-9685-9853
http://orcid.org/0000-0001-6108-8673
http://orcid.org/0000-0001-7286-472X

References

[11  Reitz RD, Ogawa H, Payri R, et al. IJER editorial: the future of
the internal combustion engine. Int J Engine Res. 2020;21:3-10.

[2]  Sener R. Numerical investigation of ducted fuel injection strat-
egy for soot reduction in compression ignition engine. J Appl
Fluid Mech. 2022;15:475-489.

[31  Payri R, Gimeno J, Marti-Aldaravi P, et al. Measurements of the mass
allocation for multiple injection strategies using the rate of injection
and momentum flux signals. Int J Engine Res. 2021;22:1180-1195.

[4] Kog MA, Sener R. Prediction of emission and performance char-
acteristics of reactivity-controlled compression ignition engine
with the intelligent software based on adaptive neural-fuzzy
and neural-network. J Clean Prod. 2021;318:128642.

[5] Adin MS, Altun S, Adin MS. Effect of using bioethanol as fuel
on start-up and warm-up exhaust emissions from a diesel
power generator. Int J Ambient Energy. 2021;43:5711-5717.

[6] Kaya C, Kokkilink G. Biodiesel as alternative additive fuel for
diesel engines: an experimental and theoretical investigation
on emissions and performance characteristics. Energy Sour.
Part A Recover Util Environ Eff. 2020:1-23. https://doi.org/10.
1080/15567036.2020.1774685

[71  Hazar H, Telceken T, Sevinc H. An experimental study on emis-
sion of a diesel engine fuelled with SME (safflower methyl
ester) and diesel fuel. Energy. 2022;241:122915.

[8] Venugopal IP, Balasubramanian D, Rajarajan A. Potential
improvement in conventional diesel combustion mode on a
common rail direct injection diesel engine with PODE/WCO
blend as a high reactive fuel to achieve effective Soot-NOx
trade-off. J Clean Prod. 2021;327:129495.

[9] Gakmak A, Ozcan H. Analysis of combustion and emissions
characteristics of a DI diesel engine fuelled with diesel/biodie-
sel/glycerol tert-butyl ethers mixture by altering compression
ratio and injection timing. Fuel. 2022;315:123200.

[10]  Sanli H, Alptekin E, Canakci M. Using low viscosity micro-emul-
sification fuels composed of waste frying oil-diesel fuel-higher


https://doi.org/10.1080/15567036.2020.1774685
https://doi.org/10.1080/15567036.2020.1774685

8 M. BEYAZ ET AL.

(11

[12]

[13]

[14]

[15]

[16]

(171

(18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

bio-alcohols in a turbocharged-CRDI diesel engine. Fuel. 2022;
308:121966.

Temizer i, Cihan O, Eskici B. Numerical and experimental inves-
tigation of the effect of biodiesel/diesel fuel on combustion
characteristics in Cl engine. Fuel. 2020;270:117523.

Khan S, Panua R, Bose PK. The impact of combustion chamber
configuration on combustion and emissions of a single cylinder
diesel engine fuelled with soybean methyl ester blends with
diesel. Renew Energy. 2019;143:335-351.

Gozmen Sanli B, Uludamar E, Ozcanli M. Evaluation of ener-
getic-exergetic and sustainability parameters of biodiesel fuels
produced from palm oil and opium poppy oil as alternative
fuels in diesel engines. Fuel. 2019;258:116116.

Necati Ozsezen A. Influence of pilot fuel injection and boost air
pressure on combustion characteristics in a diesel engine
fueled with ethanol-butan-2-ol-fossil diesel blends. Fuel. 2022;
314:123081.

Chen Z, He J, Chen H, et al. Comparative study on the combus-
tion and emissions of dual-fuel common rail engines fueled
with diesel/methanol, diesel/ethanol, and diesel/n-butanol.
Fuel. 2021;304:121360.

Coskun G, Delil Y, Demir U. Analysis of an HCCI engine com-
bustion using toluene reference fuel for different equivalence
ratios — comparison of experimental results with CFD and SRM
simulations. Fuel. 2019;247:217-227.

Erdogan S, Balki MK, Aydin S, et al. Performance, emission and
combustion characteristic assessment of biodiesels derived
from beef bone marrow in a diesel generator. Energy. 2020;
207:118300.

Akcay M, Yilmaz IT, Feyzioglu A. Effect of hydrogen addition on
performance and emission characteristics of a common-rail Cl
engine fueled with diesel/waste cooking oil biodiesel blends.
Energy. 2020;212:118538.

Gilgin E. Investigation of biodiesel potential of new hybrid of
Origanum Sp. Tekin-2017, native to Turkey. Fuel. 2020;277:
118180.

Thomas JJ, Sabu VR, Nagarajan G, et al. Influence of waste
vegetable oil biodiesel and hexanol on a reactivity controlled
compression ignition engine combustion and emissions.
Energy. 2020;206:118199.

Schumacher LG, Van Gerpen J, Adams B. Biodiesel fuels.
Encyclopedia of energy. Amsterdam, Netherlands: Elsevier;
2004. p. 151-162.

Knothe G. Dependence of biodiesel fuel properties on the
structure of fatty acid alkyl esters. Fuel Process Technol. 2005;
86:1059-1070.

Neveu CD, Sondjaja R, Stohr T, et al. Lubricant and fuel addi-
tives based on polyalkylmethacrylates. Polymer science: a com-
prehensive reference. Amsterdam, Netherlands: Elsevier; 2012.
p. 453-478.

Giraldo SY, Rios LA, Suarez N. Comparison of glycerol ketals,
glycerol acetates and branched alcohol-derived fatty esters as
cold-flow improvers for palm biodiesel. Fuel. 2013;108:709-714.
Wang J, Cao L, Han S. Effect of polymeric cold flow improvers
on flow properties of biodiesel from waste cooking oil. Fuel.
2014;117:876-881.

Ranjan A, Dawn SS, Jayaprabakar J, et al. Experimental investi-
gation on effect of MgO nanoparticles on cold flow properties,
performance, emission and combustion characteristics of waste
cooking oil biodiesel. Fuel. 2018;220:780-791.

Okoye PU, Abdullah AZ, Hameed BH. Synthesis of oxygenated
fuel additives via glycerol esterification with acetic acid over
bio-derived carbon catalyst. Fuel. 2017;209:538-544.

Ors |, Sarikog S, Atabani AE, et al. The effects on performance,
combustion and emission characteristics of DICI engine fuelled
with TiO, nanoparticles addition in diesel/biodiesel/n-butanol
blends. Fuel. 2018;234:177-188.

Wang M, Nie K, Yun F, et al. Biodiesel with low temperature
properties: enzymatic synthesis of fusel alcohol fatty acid ester
in a solvent free system. Renew Energy. 2015;83:1020-1025.

Lv P, Cheng Y, Yang L, et al. Improving the low temperature
flow properties of palm oil biodiesel: addition of cold flow
improver. Fuel Process Technol. 2013;110:61-64.

Park J-Y, Kim D-K, Lee J-P, et al. Blending effects of biodiesels
on oxidation stability and low temperature flow properties.
Bioresour Technol. 2008;99(5):1196-1203.

Moser BR, Erhan SZ. Preparation and evaluation of a series of
a-hydroxy ethers from 9,10-epoxystearates. Eur J Lipid Sci
Technol. 2007;109:206-213.

Monirul IM, Kalam MA, Masjuki HH, et al. Influence of poly(-
methyl acrylate) additive on cold flow properties of coconut
biodiesel blends and exhaust gas emissions. Renew Energy.
2017;101:702-712.

Cao L, Wang J, Liu K, et al. Ethyl acetoacetate: a potential bio-
based diluent for improving the cold flow properties of bio-
diesel from waste cooking oil. Appl Energy. 2014;114:18-21.
Aydin S. Detailed evaluation of combustion, performance and
emissions of ethyl proxitol and methyl proxitol-safflower bio-
diesel blends in a power generator diesel engine. Fuel. 2020;
270:117492.

Oztiirk E, Can O. Effects of EGR, injection retardation and etha-
nol addition on combustion, performance and emissions of a
DI diesel engine fueled with canola biodiesel/diesel fuel blend.
Energy. 2022;244:123129.

European Union. European Union Directive 2009/28/EC of the
European Parliament and of the Council of 23 April 2009 on
the promotion of the use of energy from renewable sources
and amending and subsequently repealing directives
2001/77/EC and 2003/30/EC. Off J Eur Union. 2009;5:16-62.
Ozsezen AN, Canakci M, Sayin C. Effects of biodiesel from used
frying palm oil on the exhaust emissions of an indirect injec-
tion (IDI). Diesel Engine, Energy Fuels. 2008;22:2796-2804.
Muhammed Niyas M, Shaija A. Effect of repeated heating of
coconut, sunflower, and palm oils on their fatty acid profiles,
biodiesel properties and performance, combustion, and emis-
sion, characteristics of a diesel engine fueled with their bio-
diesel blends. Fuel. 2022;328:125242.

Celebi Y, Aydin H. Investigation of the effects of butanol add-
ition on safflower biodiesel usage as fuel in a generator diesel
engine. Fuel. 2018;222:385-393.

Apex Innovations. User Manual for ICEngineSoft; 2014.

Brunt MFJ, Rai H, Emtage AL. The calculation of heat release
energy from engine cylinder pressure data. J. Engines. 1998;
107:1596-1609. http://www.jstor.org/stable/44736644.
Heywood J. Internal combustion engine fundamentals. New
York: McGraw-Hill Education; 1988.

Hohenberg GF. Advanced approaches for heat transfer calcula-
tions. SAE Trans. 1979;88:2788-2806. http://www.jstor.org/sta-
ble/44699090.

Checkel MD, Dale JD. Computerized knock detection from
engine pressure records. SAE Trans. 1986;95:221-231.

Imtenan S, Masjuki HH, Varman M, et al. Impact of oxygenated
additives to palm and jatropha biodiesel blends in the context
of performance and emissions characteristics of a light-duty
diesel engine. Energy Convers Manag. 2014;83:149-158.

Rajput RK. A text book of automobile engineering. Kolkata,
India: Firewall Media; 2008.

EdwinGeo V, Fol G, Aloui F, et al. Experimental analysis to
reduce CO, and other emissions of CRDI Cl engine using low
viscous biofuels. Fuel. 2021;283:118829.

Sener R, Ozdemir MR, Yangaz MU. Influence of piston bowl
geometry on combustion and emission characteristics.
Proceedings of the Institution of Mechanical Engineers, Part A:
Journal of Power and Energy. 2019;233:576-587.

Ren Y, Huang Z, Miao H, et al. Combustion and emissions of a
DI diesel engine fuelled with diesel-oxygenate blends. Fuel.
2008;87:2691-2697.

Silitonga AS, Masjuki HH, Mahlia TMI, et al. Overview properties
of biodiesel diesel blends from edible and non-edible feed-
stock, renew. Sustain Energy Rev. 2013;22:346-360.


http://www.jstor.org/stable/44736644
http://www.jstor.org/stable/44699090
http://www.jstor.org/stable/44699090

	Abstract
	Introduction
	Literature review

	Material and methods
	Test fuels
	Test methods
	Calculation methods

	Results and discussion
	Combustion analysis
	Emissions analysis

	Conclusions
	Orcid
	References


