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Abstract

In the experimental study, the effects of diesel-methanol-dodecanol blends on engine
performance and smoke emission in a single-cylinder, four-stroke, water-cooled, normally
aspirated compression ignition engine were investigated. Fuel blend ratios in the study;
Diesel (D100), diesel-methanol (D90M10) and diesel-methanol-dodecanol (D§9M10D1)
were used. In order to solve the phase separation problem in the diesel-methanol blend,
1% by volume of dodecanol was added. The test engine was operated at four different
loads (6, 12, 18 and 24 Nm) and constant engine speed (1800 rpm). The performance pa-
rameters such as brake specific fuel consumption, brake specific energy consumption and
brake effective efficiency for each blend at various engine loads are calculated based on
the experimental data. The results indicated that in low load conditions, the specific fuel
consumption increased by maximum 8.4% with the addition of methanol to the diesel fuel,
while this rate decreased to 3.7% with the addition of dodecanol. By adding dodecanol to
the methanol-diesel mixture, minimum smoke opacity was obtained at low and high loads,
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1. Introduction

Cl engines are greatly used in heavy vehicles, marine transpor-
tation vehicles, thermoelectric power plants and carriage due to
their high efficiency, usability, and endurance (1, 2). As a conse-
quence of this widespread use, the harmful exhaust emissions pro-
duced by compression ignition engines increase their impact on the
environment and human healthiness, and this situation is of great
concern (3, 4). Reducing harmful exhaust emissions, increasing
thermal efficiency, and improving fuel consumption in compres-
sion ignition engines are among the hot research topics of today (5,
6). The heavy exhaust emission standards applied worldwide, and
the limited reserves of fossil fuels also force these issues to re-
search (7, 8).

One of the most important problems of compression ignition en-
gines is NOy and particulate matter emissions resulting from com-
bustion. It is known that there is an equilibrium relationship be-
tween these two emissions (9, 10). The most important proof of
this balance relationship can be shown that it is tough to improve
NOy and smoke emissions synchronically (11, 12). However, low
temperature combustion (13-15), dual fuel mode trials with alco-
hols such as methanol (16), ethanol (17), n-butanol (18) are of

great interest in an effort to improve NOx and smoke emissions
synchronous.

Methanol is a simple hydrocarbon that contains high amounts of
oxygen in its structure, and can be obtained from resources such as
coal, lignite, and from sustainable, unlimited reserves of biomass
resources (19-23). Recently, tons of methanol have been used di-
rectly or as a blend in both the energy field and automotive R&D
centers (24, 25). The use of methanol is increasing day by day.
Methanol, which has a high octane number, allows it to work more
efficiently in Cl engines. Thanks to its low boiling temperature fea-
ture, it provides a better fuel evaporation in cold operating condi-
tions. Another feature of methanol is its high evaporation temperature.
This feature causes the combustion pressure and temperature to
decrease. However, the high evaporation temperature brings with
it low emission characteristics. Methanol has been the subject of
many research and development studies due to both its chemical
and physical properties and its easy production (24).

Methanol as an engine fuel is used in various methods such as
addition, blends, dual fuel mode, fumigation, and emulsification in
compression ignition engines (26, 27). Its use as a blend or as an
additive makes it challenge to use in Cl engines owing to the lean
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solubility of methanol in diesel. The low dissolvability is because
the hydroxyl in methanol makes the dipole moment more polar.
This reduces the top limit of petroleum-alcohol mixtures without
the utilise of a co-diluent (28). Sayin et al. (29) investigated the
impression of methanol-diesel mixtures on engine performance
and emissions. They reported a derogation in engine performance
and an improvement in CO, HC and smoke emissions with the ad-
junct of methanol to diesel fuel. Bayraktar (22) studied on a meth-
anol-dodecanol-diesel ternany blends in a single-cylinder CI en-
gine. The study was carried out at particular CR (19:1, 21:1, 23:1,
and 25:1) and methanol ratios varying from 2.5% to 15%. He re-
ported that 10% methanol-diesel blend improved engine perfor-
mance by about 7%. Yilmaz and Donaldson (30) reported that the
usage of methanol as fuel in a Cl engine causes high emissions and
poor performance characteristic by virtue of engine oil subtiliza-
tion with fuel. Canakgi et al. (31) investigated the effect of metha-
nol-diesel mixtures varying from 0% to 15% by volume on the
performance and emission characteristics in their experimental
study. They reported that the performance characteristics deterio-
rated by means of the increase of methanol addition in the blend.
They also reported that CO and HC emissions improved, but NOy
emissions tend to increase. The reason for this was reported the
oxygen content of methanol. Jamkorzik (32) reported that the
methanol-diesel mixture gave a better CO emission but increased
NOx emission. Additionally, he noted that there were no substan-
tial changes in CO2and HC emissions. Huang et al. (33) observed
that the methanol-diesel blends shortened the combustion duration
and increased the heat release rate. Agarwal et al (34) studied the
effect of a low proportion of methanol-diesel blend (MD5) on ir-
regular emissions. They observed that the addition of 5% methanol
to diesel did not have a significant effect on irregular emissions. Li
et al. (35) conducted an experimental study on different alcohol
mixtures in a spark ignition engine. In the study, methanol, ethanol

and butanol fuels were used at different load and equivalence ratios.

The effects of mixtures on engine emissions and performance
characteristics were investigated. It has been stated that an im-
provement in emissions with alcohol use has been observed. Chao
etal. (36) studied methanol - diesel blends (0, 5, 8, 10 and 15% v/v)
in a heavy-duty CI engine. They observed that the adjunct of meth-
anol sparked off higher carbonyl emissions, irregular emissions
such as benzaldehyde and acrolein. Wei et al. (37) studied the ef-
fect of methanol-mineral diesel blends on unregulated and regu-
lated emissions. They reported that increasing the methanol addi-
tion by up to 30% (v/v) improved HC, CO, and NOx emissions, but
there was no change on unregulated emissions. The methanol-min-
eral diesel blends shorten the combustion duration and increases
the HRR. Exhaust gas recirculation (EGR) and compression ratio
(CR) affected engine performance as well as NOy, HC and CO
emissions (38). When the literature is examined, it has been ob-
served that the in-cylinder temperature can be reduced by adding
methanol to diesel. The main reason for this has been shown to be
the low calorific value of methanol (39).

In compression ignition engines, the extremely unstable com-
bustion and the formation of rich mixing zones are the biggest rea-

sons for smoke emission formation (40). According to the re-
searches, smoke emissions affect both the environment and human
health negatively. It is stated that it has effects on humans such as
headache, chronic respiratory, allergic diseases, cancer, growth re-
tardation in infants (41). In this study, ways to improve the smoke
emission from compression ignition engines with the addition of
methanol and dodecanol were investigated. In addition, the effects
of diesel, diesel-methanol and diesel-methanol-dodecanol blends
(two-fuel mixture methanol (10% v/v)) on engine performance
were also investigated. Studies with each fuel were compared with
each other. The experiments were carried out at part loads and con-
stant speed.

2. Experimental setup and procedure

2.1 Experimental setup

All studies were carried out on a single cylinder, water-cooled,
normally aspirated, direct injection Cl engine that was made by
Anadolu Motor. The technical characteristics of the test engine
are presented in Table 1.

Table 1. Technical characteristics of the test engine.

Model 3LD510
Cylinder volume 510 cm?
Bore x Stroke x Compression ratio | 85 mm x 90 mm x 17,5:1
Max engine speed (rpm) 3000

N (DIN 70020) NA (DIN 6271)

Max power-BG

(W) NB (DIN 6271)

10,0 (7,3) @ 3000

NA (DIN 6271) 9,0 (6,6) @ 3000

Max. torque - N-m @ rpm 32,8 @ 1800

Engine performance and smoke emission tests were carried
through at the thesis center of Karamanoglu Mehmetbey Univer-
sity, Vocational School of Technical Sciences. In Figure 1, the test
center used during the experiments is presented. The experimental
setup schematic view is submitted in figure 2.

Fig. 1. The test center used during the experiments
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Fig. 2. Experimental setup

2.2 Procedure

In the experiments, commercial diesel was procured from a lig-
uid fuel station as the main fuel. The methanol and dodecanol was
supplied from a local company that sells chemical substances. Die-
sel, methanol-diesel, and methanol-dodecanol-diesel blends were
adjusted in graduated measuring cups under normal conditions.
The Physical and chemical characteristics of diesel, methanol, and

Table 3. The volumetric ratios of the fuel blends

Volumetric ratio (%, v/v)
Test Fuels -
Diesel Methanol 1-dodecanol
D100 100 - -
D90M10 90 10 -
D89IM10D1 89 10 1

dodecanol used in the experiments are presented in Table 2.

Table 2. Properties of diesel (42), methanol (43) and dodecanol (22)

Fuel Properties Diesel Methanol | Dodecanol
Chemical structure Ci219H2339 | CH3OH C12H260
Density (kg/m3) 820-840 795 830
Low heat value (MJ/kg) 42-43 20.26 39.86
Heat vaporization (kJ/kg) 270-375 1160 -
Cetane number 50-53 3 -
Stoichiomettrii((): air—fuel ra- 1458 65 134
Oxygen cor_1tent (%) by 0% 50% 8.6%
weight

The volumetric ratios of the fuel blends used in the experimental

study are presented in Table 3. Diesel-methanol and Diesel-meth-
anol-dodecanol blends have been equipped by mixing methanol
having a naivete of 99.5% in proportion of 10% (by volume) and
have been directly injected into the combustion chamber. Do-
decanol of 1% (by volume) was put in diesel-methanol blend to
obtain more stabilized mixture.

In an effort to load the engine, the engine output shaft is cou-
pled to the rotor of the electric dynamometer. The technical char-
acteristics of the electric dynamometer are submitted in table 4.

Table 4. The technical characteristics of the electric dynamometer

Model ABB
Nominal Power (kW) 49.3
Nominal Torque (Nm) 157

Max. Speed (rpm) 7500
Efficiency (%) 93.6

A stopwatch and assay balance were used to measure fuel con-
sumption. BOSCH BEA 070 model exhaust emission device was
used to determine the smoke emission in the experiments. The
measuring range of the emission device is (0-100%) and the sensi-
tivity is 0.1% by volume. Engine performance and smoke emission
parameters have been comparatively determined when using die-
sel, diesel-methanol and diesel-methanol-dodecanol blends.

3. Results

This experimental study was carried through at maximum engine
torque speed (1800 rpm) and part loads (6, 12, 18 and 24 Nm).
Before obtaining data for each experiment, the engine was oper-
ated for a while till the coolant temperature, lubricating oil temper-
ature, and exhaust gas temperature stabilized.
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3.1. Brake specific fuel consumption (BSFC)

Figure 3 depicts the variation in BSFC for various engine loads
in all test fuels. When figure 3 is examined, it is seen that BSFC
for three different fuels decreases as the engine load increases.
Maximum BSFC for D100, D90M10 and D89M10D1 fuels was
345,133 g/kWh, 352.179 g/kWh and 349.55 g/kWh, respectively,
at 6 Nm load. The minimum BSFC for D100, D90OM10 and
D89M10D1 fuels was obtained as 224.1 g/kWh, 242.945 g/kWh
and 232.372 g/kWh, respectively, at 24 Nm load. The lower calo-
rific value of methanol compared to diesel can be shown as one of
the causes for higher fuel consumption. Because more fuel input
must be given in order to maintain the energy procured by diesel
fuel. Augment of 1% dodecanol to the methanol-diesel blend pro-
vided some improvement in BSFC.

260 ] —=— D100
—e— DO0OM10
3404 —+— DB9YM10D1
320 A
=
% 300
=
Q 280 4
1)
o
260 4
240 4
220 4
T T T T
6 12 18 24
Load [Nm]

Fig. 3. BSFC of D100, D90M10 and D89IM10D1 fueled engine at differ-
ent engine loads

3.2. Brake thermal efficiency (BTE)

BTE could be calculated based upon the braking power and con-
sumption rate of the fuel sent into the cylinder. BTEs according to
variable loads for each fuel blend are presented in figure 4.

30 [=—D100
—+— DYOM10
26 ] |—— D89M10D1

Load [Nm]

Fig. 4. BTE of D100, D90M10 and D83M10D1 fueled engine at differ-
ent engine load

It was determined that BTE values depicted an increasing trend
with increasing engine load for three fuels. On the other hand, at
all loads, BTE increased mildly with the addition of 1% dodecanol
to methanol. Jamrozik (32), Huang et al. (33), Bayraktar (22) and
Agarwal et al. (44) obtained similar results for BTE. The high la-
tent heat of evaporation of methanol and dodecanol additives is
very effective in reducing the in-cylinder temperature. This causes
ignition delay, sudden combustion of unburned air/fuel mixture,
high flame velocity and short combustion phase. Therefore, it can
be said that they are effective on the increase in BTE. In addition,
it can be said that the oxygen presence of methanol and dodecanol
additives is also effective on BTE(44).

3.3. Brake specific energy consumption (BSEC)

BSEC is an indication of efficiency of attaining energy from the
fuel to generate unit power. BSEC is obtained by multiplying the
BSFC with the calorific value. BSEC is a more certain measure
than BSFC for comparing fuels which have different calorific val-
ues (45). Figure 5 depicts the variation in BSEC for various engine
loads in all test fuels. The BSEC values of methanol-diesel and
methanol-dodecanol-diesel blends are lower than diesel. It is ob-
tained that BSEC of both the methanol and methanol-dodecanol
test fuels were nearly similar.

16 -
—=—D100
—+—D90M10
—— D8OM10D1

BSEC [MJ/kWh]
= >
: .

-
w
L

12 18 24
Load [Nm]

o -

Fig. 5. BSEC of D100, D90M10 and D89M10D1 fueled engine at dif-
ferent engine loads

3.4. Exhaust gas temperature (EGT)

Figure 6 presents the variations in EGT for D100, D90M10 and
D89M10D1 fuel blends according to the various engine loads. It
was determined that EGT worths indicated an increasing trend
with increasing engine load for all blends. Maximum EGT was ob-
tained as 397.3 °C, 390.9 °C and 395.9 °C for D100, D90M10 and
D89M10D1, respectively at 24 Nm. Among all fuel blends at var-
iable loads, commercial diesel fueled engine ended up higher EGT
as regards D90M10 and D89M10DL1. It can be said that the reason
for this is that diesel has a lower latent heat of evaporation com-
pared to methanol and dodecanol. Similar results are acquired in
Agarwal et al (44).
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Fig. 6. EGT of D100, D90M10 and D89IM10D1 fueled engine at differ-
ent engine loads

3.5. Smoke Opacity

Figure 7 depicts the variation in smoke opacity for various en-
gine loads in all test fuels. Smoke opacity tended to increase for all
test fuels as engine load increased. Maximum smoke opacity was
achieved at 24 Nm for all fuels. Smoke opacity of D100, D90M10
and D89M10D1 fuels at 24 Nm are respectively 54.7%, 38.6% and
25.3%. Minimum smoke opacity at 6 Nm and 24 Nm was achieved
with D89M10D1 fuel. D8IM10D1 blend, compared to diesel, an
improvement of 33.72% and 53.75%, respectively, was observed.
It can be said that the addition of methanol and dodecanol to diesel
significantly reduces smoke opacity.

60 ——
—=— D100

—e— D90M10
504 —~— D88M10D1

s
o
1
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w
o

10
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Fig. 7. Smoke emissions of D100, D90M10 and D89M10D1 fueled en-
gine at different engine loads

4. Conclusions

In this experimental study, the effects of methanol and do-
decanol addition on engine performance and smoke emission in a
single cylinder, four stroke, water cooled, normally aspirated, die-
sel fueled CI engine were investigated. The study was conducted
at constant maximum engine torque speed and part loads for all
test fuels. Diesel, diesel-methanol and diesel-methanol-dodecanol

mixtures were used as test fuel. Methanol was added at 10% by
volume, while dodecanol was added at 1%.

Among all test fuels used in the study, the D8B9M10D1 showed a
better BTE and a lower BSEC compared to other fuels. Compared to
diesel, methanol-diesel and methanol-dodecanol-diesel blends exhib-
ited lower smoke emission characteristics. The lowest smoke emis-
sion was obtained by adding 1% dodecanol to methanol. The fact that
the addition of dodecanol reduces the phase problem in the methanol-
diesel blends can be shown as one of the most important factors in
this improvement. In addition, the high oxygen content and high spe-
cific heat capacity of methanol may have contributed to its lower
smoke emission.

Additions of both methanol and methanol-dodecanol to diesel
showed an increase in BSFC. The lower calorific value of methanol-
diesel and methanol-dodecanol-diesel mixtures compared to diesel
can be shown as one of the most important reasons for the increase in
BSFC. The total energy provided by diesel fuel is desired to be con-
served by blended fuels. This causes more fuel consumption.

In general, this experimental study showed that an acceptable en-
gine performance and smoke opacity were obtained with the addition
of additives (methanol and dodecanol). With the addition of 1% do-
decanol by volume, it showed better smoke opacity characteristics
compared to both diesel and methanol-diesel mixtures. Addition of
1% dodecanol to diesel-methanol mixtures in compression ignition
engines was found to be a suitable mixture.

Abbreviations
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BSFC . Break specific fuel consumption
BTE : Break thermal efficiency

Cl : Compression ignition

Cco : Carbon monoxide

CR : Compression ratio
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D90M10D1 : Diesel 89%+Methanol 10%+Dodecanol 1%
EGR : Exhaust gas recirculation

EGT . Exhaust gas temperature
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NOx . Nitrogen oxide

PM . Particulate matter

R&D . Research and development

Conflict of Interest Statement

The authors declare that there is no conflict of interest in the

present paper.

CRediT Author Statement

Halil Erdi Giilcan: Writing - Original draft, Investigation,
Visualization, Methodology,

Nurullah Giiltekin: Investigation, Methodology, Writing,
Murat Ciniviz: Investigation, Supervision.

211



Giilcan et al. / International Journal of Automotive Science and Technology 6 (2): 207-213, 2022

PARAPY..o o000 ™
v. "y ALTOMONVE ENGINEERS

References

[1] Kozina A, Radica G, NiZeti¢ S. Analysis of methods towards reduc-
tion of harmful pollutants from diesel engines. Journal of Cleaner
Production. 2020;262:121105.

[2] Chen H, Su X, He J, Xie B. Investigation on combustion and emis-
sion characteristics of a common rail diesel engine fueled with die-
sel/n-pentanol/methanol blends. Energy. 2019;167:297-311.

[3] ChenH, Su X, LiJ, Zhong X. Effects of gasoline and polyoxymeth-
ylene dimethyl ethers blending in diesel on the combustion and emis-
sion of a common rail diesel engine. Energy. 2019;171:981-99.

[4] Agbulut U. Well to Wheel: a Life-Cycle Based Analysis of Cl En-
gine Powered with Diesel and Various Alcohol Blends. International
Journal of Automotive Science and Techology. 2021;5(4):289-98.

[5] Yang Bo, Wang L, Ning Le, Zeng Ke. Effects of pilot injection tim-
ing on the combustion noise and particle emissions of a diesel/natural
gas dual-fuel engine at low load. Applied Thermal Engineering.
2016;102:822-8.

[6] Zhang S, Li Y, Wang S, Zeng H, Liu J, Duan X, et al. Experimental
and numerical study the effect of EGR strategies on in-cylinder flow,
combustion and emissions characteristics in a heavy-duty higher CR
lean-burn NGSI engine coupled with detail combustion mechanism.
Fuel. 2020;276:118082.

[7] Rassoulinejad-Mousavi SM, Mao Y, Zhang Y. Reducing greenhouse
gas emissions in Sandia methane-air flame by using a biofuel. Re-
newable Energy. 2018;128:313-23.

[8] Duraisamy G, Rangasamy M, Govindan N. A comparative study on
methanol/diesel and methanol/PODE dual fuel RCCI combustion in
an automotive diesel engine. Renewable Energy. 2020;145:542-56.

[9] Duan X, Lai M-C, Jansons M, Guo G, Liu J. A review of controlling
strategies of the ignition timing and combustion phase in homogene-
ous charge compression ignition (HCCI) engine. Fuel.
2021;285:119142.

[10]Huang H, Liu Q, Wang Q, Zhou C, Mo C, Wang X. Experimental
investigation of particle emissions under different EGR ratios on a
diesel engine fueled by blends of diesel/gasoline/n-butanol. Energy
Conversion and Management. 2016;121:212-23.

[11]Geng L, Xiao Y, Li S, Chen H, Chen X. Effects of injection timing
and rail pressure on particulate size-number distribution of a common
rail DI engine fueled with fischer-tropsch diesel synthesized from
coal. Journal of the Energy Institute. 2021;95:219-30.

[12]Huang H, Liu Q, Yang R, Zhu T, Zhao R, Wang Y. Investigation on
the effects of pilot injection on low temperature combustion in high-
speed diesel engine fueled with n-butanol-diesel blends. Energy
Conversion and Management. 2015;106:748-58.

[13]Fang C, Tunestal P, Yin L, Yang F, Yang X. Study on low tempera-
ture heat release of partially premixed combustion in a heavy duty
engine for real-time applications. Applied Thermal Engineering.
2019;148:219-28.

[14]Agarwal AK, Singh AP, Maurya RK. Evolution, challenges and path
forward for low temperature combustion engines. Progress in Energy
and Combustion Science. 2017;61:1-56.

[15]Huang H, Wang Q, Shi C, Liu Q, Zhou C. Comparative study of ef-
fects of pilot injection and fuel properties on low temperature com-
bustion in diesel engine under a medium EGR rate. Applied Energy.

2016;179:1194-208.

[16]Gong C, Yi L, Zhang Z, Sun J, Liu F. Assessment of ultra-lean burn
characteristics for a stratified-charge direct-injection spark-ignition
methanol engine under different high compression ratios. Applied
Energy. 2020;261:114478.

[17]Geng L, Bi L, Li Qi, Chen H, Xie Y. Experimental study on spray
characteristics, combustion stability, and emission performance of a
CRDI diesel engine operated with biodiesel-ethanol blends. Energy
Reports. 2021;7:904-15.

[18]Huang H, Liu Q, Teng W, Pan M, Liu C, Wang Q. Improvement of
combustion performance and emissions in diesel engines by fueling
n-butanol/diesel/PODE3-4 mixtures. Applied Energy. 2018;227:38-
48.

[19]Yanju W, Shenghua L, Hongsong L, Rui Y, Jie L, Ying W. Effects
of Methanol/Gasoline Blends on a Spark Ignition Engine Perfor-
mance and Emissions. Energy & Fuels. 2008;22:1254-9.

[20]Fan C, Song C, Lv G, Wang G, Zhou H, Jing X. Evaluation of car-
bonyl compound emissions from a non-road machinery diesel engine
fueled with a methanol/diesel blend. Applied Thermal Engineering.
2018;129:1382-91.

[21]Chmielniak T, Sciazko M. Co-gasification of biomass and coal for
methanol synthesis. Applied Energy. 2003;74(3-4):393-403.

[22]Bayraktar H. An experimental study on the performance parameters
of an experimental Cl engine fueled with diesel-methanol-do-
decanol blends. Fuel. 2008;87(2):158-64.

[23]0rs I, Kul BS, Ciniviz M. A Comparative Study of Ethanol and
Methanol Addition Effects on Engine Performance, Combustion and
Emissions in the SI Engine. International Journal of Automotive Sci-
ence and Techology. 2020;4(2):59-69.

[24]Verhelst S, Turner JW, Sileghem L, Vancoillie J. Methanol as a fuel
for internal combustion engines. Progress in Energy and Combustion
Science. 2019;70:43-88.

[25]Landélv I. Methanol as a renewable fuel - a knowledge synthesis.
The Swedish Knowledge Centre for Renewable Transportation Fuels;
2017.

[26]Agarwal A. Biofuels (alcohols and biodiesel) applications as fuels
for internal combustion engines. Progress in Energy and Combustion
Science. 2007;33(3):233-71.

[27]1A.J.N,J. T. H, W. F. N. Emissions From a Diesel Engine Operating
in a Dual-Fuel Mode Using Port-Fuel Injection of Heated Hydrous
Ethanol.  Journal of Energy Resources  Technology.
2017;139(2):022204.

[28]Sarathy SM, OBwald P, Hansen N, Kohse-Hoinghaus K. Alcohol
combustion chemistry. Progress in Energy and Combustion Science.
2014;44:40-102.

[29]Sayin C, Ozsezen AN, Canakci M. The Influence of Operating Pa-
rameters on the Performance and Emissions of a DI Diesel Engine
Using Methanol-Blended-Diesel Fuel. Fuel. 2010;89(7):1407-14.

[30]N. Yilmaz, A. B. D. Modeling of Chemical Processes in a Diesel En-
gine With Alcohol Fuels. Journal of Energy Resources Technology.
2007;194(4):355.

[31]M. C, C. S, ANN. O, A. T. Effect of Injection Pressure on the Com-
bustion, Performance, and Emission Characteristics of a Diesel En-
gine Fueled With Methanol-Blended Diesel Fuel. Energy Fuels.
2009;23(6):2908-20.

212



Giilcan et al. / International Journal of Automotive Science and Technology 6 (2): 207-213, 2022

PARAPY..o o000 ™
v. "y ALTOMONVE ENGINEERS

[32]Jjamrozik A. The Effect of the Alcohol Content in the Fuel Mixture
on the Performance and Emissions of a Direct Injection Diesel En-
gine Fueled With Diesel-Methanol and Diesel-Ethanol Blends. En-
ergy Conversion and Management. 2017;148:461-76.

[33]Huang Z., Lu H., Jiang D., Zeng K., Liu B., Zhang J. Engine Perfor-
mance and Emissions of a Clengine Operating on the Diesel-Metha-
nol Blends. Proceedings of the Institution of Mechanical Engineers,
Part D: Journal of Automobile Engineering. 2004;218(4):435-47.

[34]Agarwal AK, Shukla PC, Patel C, Gupta JG, Sharma N, Prasad RK,
et al. Unregulated emissions and health risk potential from biodiesel
(KB5, KB20) and methanol blend (M5) fuelled transportation diesel
engines. Renewable Energy. 2016;98:283-91.

[35]Li Y, Gong J, Deng Y, Yuan W, Fu J, Zhang B. Experimental com-
parative study on combustion, performance and emissions character-
istics of methanol, ethanol and butanol in a spark ignition engine.
Applied Thermal Engineering. 2017;115:53-63.

[36]Chao H-R, Lin T-C, Chao M-R, Chang F-H, Huang C-I, Chen C-B.
Effect of methanol-containing additive on the emission of carbonyl
compounds from a heavy-duty diesel engine. Journal of Hazardous
Materials. 2000;73:39-54.

[37]Wei H, Yao C, Pan W, Han G, Dou Z, Wu T, et al. Experimental
Investigations of the Effects of Pilot Injection on Combustion and
Gaseous Emission Characteristics of Diesel/Methanol Dual Fuel En-
gine. Fuel. 2017;188:427-41.

[38]Shamun S, Hasimoglu C, Murcak A, Andersson O, MartinTunér,

Tunestél P. Experimental Investigation of Methanol Compression Ig-
nition in a High Compression Ratio HD Engine Using a Box-
Behnken Design. Fuel. 2017;209:624-33.

[39]Lapuerta M, Armas O, Herreros JM. Emissions from a diesel-bio-
ethanol blend in an automotive diesel engine. Fuel. 2008;87(1):25-
3L

[40]Pulkrabek WW. Engineering Fundamentals of the Internal Combus-
tion Engine. Prentice Hall1997.

[41]Prasad R, Bella VR. A Review on Diesel Soot Emission, its Effect
and Control. Bulletin of Chemical Reaction Engineering & Catalysis.
2010;5(2):69-86.

[42]Sarikog S, Ors I, Unalan S. An experimental study on energy-exergy
analysis and sustainability index in a diesel engine with direct injec-
tion diesel-biodiesel-butanol fuel blends. Fuel. 2020;268:117321.

[43]Gong C, Wei F, Si X, Liu F. Effects of injection timing of methanol
and LPG proportion on cold start characteristics of SI methanol en-
gine with LPG enriched port injection under cycle-by-cycle control.
Energy. 2018;144:54-60.

[44]Agarwal AK, Sharma N, Singh AP, Kumar V, Satsangi DP, Patel C.
Adaptation of Methanol-Dodecanol-Diesel Blend in Diesel Genset
Engine. J Energy Resour Technol. 2019;141(10):102203.

[45]Ashok B, Nanthagopal K, Vignesh DS. Calophyllum inophyllum
methyl ester biodiesel blend as an alternate fuel for diesel engine ap-
plications. Alexandria Engineering Journal. 2018;57(3):1239-47.

213



