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Abstract: This paper reveals the results of metallic-based nanoparticle’s effect on the performance, emission, and vibration of a
diesel engine. Various metal-based nanoparticles such as Nickel (I) nitrate hexahydrate (Ni(NO,),.6H,0), Silver nitrate (AgNO,),
and Manganese (ll) nitrate hydrate (Mn(NO,), xH,O) were chosen as fuel additives into diesel fuel and dosage with 25 and 50
ppm. In experimental tests, to identify the combined effect of silver nitrate on manganese and nickel, silver nitrate was chosen as
a reference element in each mixture, thereby creating 4 different test samples. Engine tests were conducted in a single-cylinder
diesel engine. The results revealed that values of specific fuel consumption, carbon monoxide, hydrocarbon, and oxides of nitrogen
emissions with the increase in the dosage level of nanoparticles into diesel fuel were reduced considerably for all test fuels. Also,
vibration and sound pressure level features of the diesel engine were reduced with the increasing dosage of nanoparticle additives.
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l. Introduction

Internal combustion engines (ICEs) have the ability to
convert chemical energy supplied by fuel with the pres-
ence of an oxidizer into useful mechanical energy. In
ICEs, this conversion is achieved mainly in two ways ac-
cording to ignition sources attributed as spark ignition
(SI) and compression ignition (CI). CI engines (diesel)
are commonly utilized in wider application areas such as
transportation, agriculture, generators, heavy-duty appli-
cations, etc. due to having advantages of high fuel conver-
sion and thermal efficiency, higher torque levels, durabili-
ty, and reliability compared to SI engines [1,2].

Releasing pollutants as a result of the combustion process
in engines is inevitable. Therefore, scientists intensely
make an effort to find ways for reducing these gases as
much as possible [3]. Especially, concerns on health and
environmental problems make regulations of emission
strict and engine manufacturers have to obey these stan-
dards in order to commercialize their products.

There are various and alternative ways in order to promote
the emission characteristics of the engine. Fuel features
enhancement of conventional fossil fuels to obtain better

combustion by use of alternative renewable fuels and fuel
additives such as biofuels and nanoparticles, respectively,
can be suggested as an effective way to decrease exhaust
emission levels of engines [4].

Recently, researchers have shown interest in nanoparticle
additives due to their remarkable properties such as act-
ing as a combustion catalyst, exhibiting a higher surface
area to volume ratio which ameliorates the combustion
process and enhances performance, emission characteris-
tics dependently [5]. Ozgur et al. [6] studied the effects
of various metallic-based nanoparticle additions on ox-
ides of nitrogen (NO ) emission of a CI engine. They
determined the optimum dosages of nanoparticles and
accomplished that NO_ emissions were declined with
the use of nanoparticles. El-seesy et al. [7] experimentally
investigated the performance, emission, and combustion
characteristics of a CI engine operated by jojoba biodies-
el-diesel mixture with Al O, nanoparticle addition. NO ,
CO, UHC, and smoke were reduced by 70%, 80%, 60%,
and 35%, respectively at a dosage level of 20 mg/1 AIZO3.
On the other hand, a dosage level of 40 mg/l AIZO3
demonstrated the best performance and combustion
behavior. At this dose, brake specific fuel consumption
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was decreased by 12% while cylinder peak pressure, the
maximum rate of pressure increases, and the maximum
rate of heat release were increased by 4.5%, 4%, and 4%,
respectively. Wu et al. [8] investigated the carbon-coated
aluminum nanoparticle addition into biodiesel so as to
observe the effects on the performance and emissions of
the CI engine. Results demonstrated reductions in SFC
(10%), NO_(12%), CO (9%) on average compared to neat
biodiesel. Besides that, increments were obtained on total
hydrocarbon compounds and particle numbers. Prabu [9]
studied the working characteristic of a biodiesel-operated
diesel engine with nanoparticle addition. 30 ppm dose of
alumina (AL O,) and cerium oxide (CeO,) were used as
additives and improved performance, combustion, and
emission behavior were obtained with the presence of
nanoparticles due to having high surface area/volume and
enhanced chemical reactivity during combustion.

Besides the mentioned studies above, researches on noise
and vibration characteristics of engines are another major
issue to be emphasized. In the automotive sector, manu-
facturers aim to reduce engine vibration in order to meet
the comfort conditions of passengers and to prevent the
failure of mechanical parts [10]. Therefore, the noise and
vibration behavior of the engine caused by the combus-
tion phenomenon adversely affects both human health
and the mechanical components of the system. Engines
that have a higher compression ratio and rapid increasing
combustion pressures particularly suffer from these prob-
lems.

In literature, there are various published studies related
with vibration and noise characteristics of diesel engines
that use a kind of primary fuel (conventional fossil fuel or
renewable fuel) and nanoparticles as additives. Keskin et
al. [11] evaluated the effects of palladium and acetylfer-
rocene-based nanoparticle additives with diesel-biodiesel
blends effects on vibration and emission behaviors of a die-
sel engine. They found that nanoparticle usage with a dose
of 25 ppm has improved the performance, emission, and
vibration values of the engine. Yasar et al. [12] investigated
the emission and vibration behaviors of a diesel engine op-
erated by diesel fuel with metallic nanoparticles. Titani-
um (IV) dioxide (TiO,), copper (II) nitrate (Cu(NO,),),
and cerium (III) acetate hydrate (Ce(CH,CO,),-H,0)
were selected as nanoparticles. 25 and 50 ppm of nanopar-
ticles mixed with diesel fuel via an ultrasonic processor to
obtain homogenous dispersion of them in diesel fuel. In
conclusion, cerium acetate hydrate can be suggested as an
additive for diesel fuel since it diminishes CO and HC
emission, noise, and vibration values of the engine. Agb-
ulut et al. [13] searched the performance, emission, noise,
and vibration characteristics of a diesel engine fueled with
different types of metal oxide nanoparticles and biodiesel.
Experiments were executed at a constant engine speed of
2000 rpm and loads of 2.5, 5, 7.5, and 10 Nm. The waste
cooking oil methyl ester was employed as biodiesel and
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aluminum oxide (Al,0,), titanium oxide (TiO,), and sili-
con oxide (SiO,) were utilized as nanoparticles for prepar-
ing blends. They concluded that biodiesel which contains
metal-oxide nanoparticles improves each of the engine pa-
rameters with respect to the pure usage of biodiesel in en-
gines. In a previous study performed by authors [14], the
effects of nanoparticles such as silver nitrate, manganese
nitrate hydrate, and nickel nitrate hexahydrate on engine
performance and emissions were studied separately at dif-
ferent dosing levels.

Although there are lots of studies that investigate the ef-
fects of various types of nanoparticle addition into fuels
separately, thereisastill gap includingthe combined effects
of nanoparticles into conventional fuels. Furthermore,
combined effects of oxygenated nanoparticles on both
fuel properties and performance, emissions, and vibration
parameters are required to be worked on by researchers. In
this study, dual effects of AgNO,-(Ni(NO,),.6H20) and
AgNO,-(Mn(NO,), xH,O) dosed at 25 and 50 ppm on
performance, emission, and vibration characteristics of a
diesel engine were evaluated.

2. Materials and Methods

The experimental studies are composed of two-stage
which are the determination of physicochemical features
of test fuels and performing engine tests to designate
performance, emissions, and vibration characteristics of
diesel engine. Test fuels were analyzed in Petroleum Re-
search and Automotive Engineering Laboratories of the
Automotive Engineering Department and engine tests
were performed in the Mechanical Engineering Depart-
ment Laboratory of Faculty of Ceyhan Engineering in
Cukurova University.

2.1. Test Fuel Preparation and
Determination of Fuel Properties

In this study, Mn(NO,),.xH,0, Ni(NO,),.6H,0, and
AgNO, metallic-based nanoparticles at the dose of 25 and
50 ppm were used in order to add into diesel fuel. These
nanoparticles were commercially supplied from Merck.
Diesel fuel was utilized as a reference fuel to make com-
parative analyses. AgNO, was taken as a reference addi-
tive in all blended fuels.

Diesel + 25 ppm Ni(NO,),.6H,O + 25 ppm AgNO,,
Diesel + 50 ppm Ni(NO,),.6H,O + 50 ppm AgNO,,
Diesel + 25 ppm Mn(NO,),.xH,O + 25 ppm AgNO,,
Diesel + 50 ppm Mn(NO,), xH,O + 50 ppm AgNO, fu-
els was represented by notations of DNiAg25, DNiAg50,
DMnAg25, DMnAg50, correspondingly.

Ultrasonic processor (Sonic Vibra-Cell VC 750 model)
which has a net power output of 750 W, the frequency
with 20 kHz, tip diameter of 13 mm, and titanium alloy
(Ti-6Al-4) was used to guarantee homogenous dispersion
of nanoparticles in fuel as shown in Fig. 1. The blending
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process was achieved via an ultrasonic processor after each
dose level of nanoparticles was measured with the help of
a precision electronic balance with a sensitivity of 0.0001
g. The mixing process was conducted at 40% amplitude of
the processor.

Figure 1. Sonic Ultrasonicator.

Table 1 summarizes the devices used for test fuel property

analyses. Measurements of the fuel quality were evaluated
with respect to TS EN 590 standards.

Table |. Fuel property determination devices

Property Device A;Z;_ M;ZSr:lgr:g
Cetane number Zeltex ZX 440 NIR 3% )
petroleum analyser
Density Kyoto Electronics +0.01 )
DA-130 g/cm?
Viscosity Tanaka AKV-202 - -
Lower heating IKA Werke C2000
value bomb calorimeter 0.001 K )
Cloud point Tanaka MPC-102 - -
Flashpoint Tanaka APM-7 - -
C:gﬁi;zt;lp Koehler K25339 model - -
+51 °C to -40
°C with tap
Pour point Tanaka MPC-102 - ﬁastTrogftiO_;Csﬁ,
°C with cooling
liquid of -35 °C

2.2. Engine Test Rig

Engine tests were realized in a single-cylinder, 2-stroke,
air-cooled compression ignition engine integrated with
an AC dynamometer. The engine was operated at 1200,
1600, 2000, 2400, and 2800 rpm at full load conditions
for all test fuels. Tables 2-3 demonstrate the details of
both the test engine and dynamometer, respectively. The

European Mechanical Science (2022), 6(1): 9-16

schematic of test engine was illustrated in Fig. 2.

Table 2. Engine Specifications

Test Engine Specification

Brand Thorq
Type RF150
Number of Cylinder |
Volume 0.638 L
Bore/Stroke 95 mm/90mm
Compression Ratio 17:1

Maximum Power/rpm

Maximum Torque/rpm

I'1.2 kW/3000 rpm
34.3 N.m/ 1800 rpm

Specific Fuel Consumption/ 1800 rpm 255 gr/kW.hour
Weight 57 kg
Cooling Air

Table 3. Dynamometer Specifications

Dynamometer Specification

AC Induction Servo Motor (26 kW)

Maximum rpm

9000 rpm

0-3000 rpm 0-83 Nm

Capacity >3000 rpm Constant Power
Sensitivity +1 Nm
Load Cell S Type Load Cell
Cooling Forced Air
Performance Exhaust
Measuring Gas
Unit Analyzer
Air Fuel
Dynamometer Sound and
Vibration
Measuring
Unit

o 2

Figure 2. Test-rig (Diesel Engine, AC Dynamometer, Performance
Measuring System, Emission Device, Noise and Vibration Measuring
System, Accelerometer, Microphone)

MRU Air Delta 1600 V mobile exhaust gas analyzer
was utilized to reveal emission characteristics of the en-
gine operated with various test fuels. The technical fea-
tures of the emission instrument are also given in Table
4. Soundbook™ universal portable measuring system run
by SAMURATI v2.6 software from SINUS Messtechnik
GmbH, an accelerometer (model no: 356A33) which was
fastened on the engine block and a microphone set from
GRAS (46AF) which was located at 1 meter away from

the engine was employed to extract engine vibration and
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sound data. Vibration and sound measurement device
specifications can be found in the following Tables 5 and

6.

a_value were calculated as shown in the following equa-

total

tion in order to make comparative analyses for vibration
acceleration.

where; a,, (m/s*) and T are weighted acceleration and
measurement time, respectively.

— 2 2 2
Atotal = \/avertical + Nateral + a’longitudinal

where; Qpertical, %ateral and Qiongitudinal AT€
acceleration in the vertical axis, lateral axis, and longitu-
dinal axis, correspondingly.

3. RESULTS AND DISCUSSIONS
3.1. Fuel Property Results

Diesel fuel properties and nanoparticle-containing test
fuels were measured and compared to diesel fuel in accor-
dance with EN 590 which is given in Table 7.

From the table, prominent change is not observed in the
physicochemical properties of the fuel mixtures. Howev-
er, viscosity, the heating value, and the cetane number of
blend fuels increased slightly, especially at the higher con-

centration level of nanoparticles.

3.2. Performance and Emission Results

The average of SFC, CO, HC, and NO_ values for test fu-
els are tabulated in Table 8.

3.3. Specific fuel consumption

SEC is one of the prominent performance characteristics
of an engine and is described as the ratio of the mass flow
rate of fuel to a unit power of an internal combustion en-
gine. Fig. 3 represents the variation of SFC with engine
speed for all test fuels. The maximum average reduction
in SFC was obtained for DNiAg50 in comparison with
conventional diesel fuel. The lower SFC was obtained at

Table 7. Physicochemical properties of test fuels

Table 4. Emission measurement device specifications

Emission Device Specifications

CcO 0-10%
Co, 0-20%
HC 0-20000 ppm
O, 0-22%
NO 0-4000 ppm
NO, 0-1000 ppm
Lambda 0-9,99
Accuracy According to OIML-class |
Ambient Temperature 5°C-45°C
Exhaust Gas Temperature Max 650 °C

Table 5. Vibration measurement device specifications

Accelerometer Specifications

Sensitivity (£10 %) 1.02 mV/(m/s?)
Measurement Range 14905 m/s? pk
Frequency Range (5 %) (y or z axis) 2 to 10000 Hz
Frequency Range (5 %) (x axis) 2 to 7000 Hz
Resonant Frequency 255 kHz

Broadband Resolution (1 to 10000 Hz) 0.04 m/s? rms
Non-Linearity <l %

Transverse Sensitivity <5%

Table 6. Sound measurement device specifications

Microphone Set Specifications

Frequency range (£2 dB) 3.15 to 20 kHz
Dynamic range lower and upper limit
! with C;gRAS preamplitll)epr 17-142dB(A)
Set sensitivity @ 250 Hz (+2 dB) 50 mV/Pa
Power supply min. to max. (single/ 28to 120V/ £ 14 to
balanced) +60V
Temperature range, operation -30to 70 °C

Influence of axial vibration @1 m/s? 62 dB re 20 pPa

50 ppm concentration of each additive which is 3.37%
and 2.7% for DNiAg50 and DMnAg50, respectively.
Accordingly, the decrement trend in SFC was observed
with increasing in concentration of blend fuels accord-
ing to the base diesel fuel owing to the catalytic effect of
nanoparticles, enhanced heating value of test fuels, the
momentum of fuel jet, and rate of penetration which is re-
sponsible for homogeneous dispersion of air-fuel mixture

Fuel Cetane Density (kg/m®) Viscosity
number at 15°C (mm?/s) at 40°C
""""" ENS90  minSI 820840 245

Diesel 56.277 841.1 2.701
DNiAg25 57.370 841.7 2.803
DNiAg50 57,632 842.2 2.827
DMnAg25 57.302 841.4 2.789
DMnAg50 57.529 841.9 2816

Heating value P:il:; c':;:: Flash point Copper strip
M)/kg P o P o (°C) corrosion
SN . SO L0
- - - min 55 la
44 .66 -24 -3 90 la
45.19 -24 -3 90 la
45.32 -25 -2 96 la
45.12 -24 -3 84 la
45.17 25 2 92 la

Q European Mechanical Science (2022), 6(1):9-16
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Table 8. The mean SFC, CO, HC, and NOx variations of test fuels

Fuels
Parameters DNiAg25 DNiAg50 DMnAg25 DMnAg50
Change (%)*
USFC(g/kWh) 227 337 -l4l 27
CO (%) -7.28 -9.79 -7.14 -9.48
HC (ppm) -18.2 -21.66 -13.17 -19.24
NO, (ppm) -5.52 -14.62 -4.35 -6.56

*% changes are given with respect to reference diesel fuel

inside the cylinder. From the results, the combination of
AgNO,-Ni(NO,),.6H,0 has a stronger effect than Ag-
NO,-Mn(NO,),.xH,0O in terms of reduction in SFC for
the same dosage. This situation might be ascribed to the
fact that nanoparticles containing AgNO, have a higher
surface-to-volume ratio, improved catalytic activity re-
sults in a shorter ignition delay for preferable combustion
characteristics and thus decrease in SFC. These findings
are in good harmony with the studies conducted by (Aro-
ckiasamy and Anand 2015; Keskin, Giirti and Alupar-
mak 2007; Banapurmath et al. 2014).

340

HEE Diesel
320 EE DNiAg25 M
[ DNiAg50
[ DMnAg25
HEE DMnAg50
300 - -

SFC (g/kWh)

280

| | ‘ll I
240 Il I T

1200 1600 2000 2400 2800

Engine Speed (rpm)

Figure 3. Variation of SFC with respect to engine speed

3.4. CO Emission

The reason for CO formation is air deficiency, reactant
concentration, and insufficient swirl in the combustion
chamber and results in insufficient CO, conversion of
all carbon. The fuel quality also affects the CO emission,
especially, higher cetane number of nanoparticle blended
fuel which is responsible for better heat transfer rate and
shorter ignition delay which leads to the reduction in CO
emission [15,16]. CO variation towards engine speed is

depicted in Fig. 4.

The average reductions in CO emission are found to be
9.79%, 9.48%, 7.28% and 7.14% for DNiAg50, DM-
nAg50, DNiAg25, DMnAg25, respectively. From the
findings, a reduced trend of CO was observed for bime-
tallic nanoparticles with the increment of nanoparticle
concentration level. However, some researchers reported
that higher dosage nanoparticles addition into diesel fuel
could worsen the engine performance and hence rise in

European Mechanical Science (2022), 6(1): 9-16

exhaust emissions [4,17,18]. It is seen that the availability
of AgNO, in the mixture contributed to the reduction of
CO emission for whole test fuels.

It is observed that the reason for a decrease in CO emis-
sion is thanks to the high oxygen content and large sur-
face area of nanoparticles which triggered an improved
combustion process. Sarace et al. [19] reported that silver
nanoparticles blended fuel decreased the equivalence ratio
because of the improved atomization and better air-fuel
mixture leading to a decline in CO emission. Fangsuwan-
narak and Triratanasirichai [20] demonstrated that the
supplement of metal-based nanoparticles comes out a de-
crease in CO emission due to higher oxidation of carbon
causing complete combustion.

0,06
EE Diesel
[ DNiAg25
0,05 4 [0 DNiAg50
[ DMnAg25
I DMnAg50
0,04 -
g
(o)
(8]
0,03 4
0,02 ‘
0,01 T T T
1200 1600 2000 2400 2800

Engine Speed (rpm)

Figure 4. Variation of CO with respect to engine speed

3.5. HC Emission

Many factors affecting HC emission can be ordered as a
non-stoichiometric air-fuel ratio, flame quenching, and
deposits on the cylinder walls [21]. Especially, insufh-
cient temperature caused unburned fuels. In addition,
fuel type, engine adjustment, and design are the others
factors affecting the content of hydrocarbons [15]. Most
of the researchers revealed that hydrocarbon emission
was decreased with fuels containing nanoparticles. Fig. 5
presents the change in HC emission versus engine speed.
From the Figure, average reductions for HC emission are
found for DNiAg50, DmnAg50, DniAg25, DmnAg25
which are 21.66%, 19.24%, 18.2% and 13.17%, respec-
tively. Among the nanoparticles dispersed test fuels, Dni-
Ag50 presents a considerable reduction in HC emission.
When the oxygenated additive AgNO, is added into test
fuels, HC emission further decreased depending on the
nanoparticle concentration. This statement is due to the
fact that AgNO, nanoparticles supply more oxygen re-
ducing unburnt HC. It is evident that AgNO, was deter-
mined to be a higher oxidizing agent among the other test
fuels. This result is confirmed by [21]. Furthermore, it was
revealed that the addition of nanoparticles caused the re-
duction of ignition delay owing to better catalytic activity,

https://doi.org/10.26701/ems. 975858 Q
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Figure 5. Variation of HC with respect to engine speed

and also reduced HC emission [22].

3.6. NOX Emission

Nitrogen oxides constituted from nitric oxide (NO) and
nitrogen dioxide (NO,) are depending upon many fac-
tors such as higher combustion temperature, ignition
delay, and the amount of abundant oxygen presence for
chemical reaction with nitrogen above 1600 °C in the
diesel engine. Various metal-based additives like man-
ganese oxide (MnO) and copper oxide (CuO) were used
and add into diesel fuel to be able to enhance the quality
of diesel fuel. Accordingly, this leads to more complete
burning of fuel and causing a reduction in NO_emis-
sions [23]. However, nanoparticles with metallic addi-
tives have led to an increase in NO_emission thanks to
the catalyst effect in the combustion process [24]. Fig. 6
illustrates the change in NO_ emission towards engine
speed. Whole test fuels with nanoparticles exhibit a de-
cline in NO_emission at lower engine speeds. But, when
the engine speed rises, the NO_emission raised with the
higher dosage of fuel-containing nanoparticles. Average
NO_ emission for metallic-based nanoparticle decreased
by 14.62%, 6.56%, 5.52%, and 4.35% for DniAg50, Dm-
nAg50, DniAg25, and DmnAg25 in comparison with
base diesel fuel. It is seen that the NO_ decreased by
14.62% for AgNO,-Ni(NO,),.6H,O additives due to the
fast evaporation rate which is confirmed by lower exhaust
gas temperature [25], higher thermal conductivity, and
cetane number of nanoparticles [4,18,26-28]. As a result,
it has been determined that the addition of high doses of
AgNO, and Ni(NO,),.6H,0 to the mixed fuels remark-
ably reduces the NO_pollutant.

3.7. Vibration and Sound Results

ICEs generate high noise and vibration levels depending
on frequencies and these sources have resulted from rota-
tion and piston components of the engine. Vibration and
sound levels according to engine speed are illustrated in
Figs. 7 and 8. As seen from the figures, there are a slight
increase in engine vibration acceleration and SPL with

@ European Mechanical Science (2022), 6(1):9-16
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Figure 6. Variation of NO, with respect to engine speed

the increase in engine speed. However, nanoparticle ad-
dition into test fuels decreased the vibration acceleration
and SPL level in comparison with diesel fuel, especially at
higher engine speeds. However, at low engine speeds, the
addition of nanoparticles does not make a significant con-
tribution to vibration reduction as a better combustion
efficiency cannot be achieved. Mean engine vibration and
noise levels of blend fuels are indicated in Table 9.

Table 9. The average vibration and SPL values of test fuels.

Fuels
Parameters DNiAg25 DNiAg50 DMnAg25 DMnAg50
Change (%)*
Vibration (mm/s?) 249 359 -152 29
Sound (dB) -0.95 -1.96 -0.93 -1.54

*% changes are given with respect to reference diesel fuel

The average decrement in engine vibration was found to
be 3.59% with DNiAg50, 2.9% with DMnAg50, 2.49%
with DNiAg25, and 1.52% with DMnAg25. The parallel
results observed for average SPL compared with diesel fuel
are also ordered for DNiAg50, DMnAg50, DNiAg25,
and DMnAg25 which are 1.96%, 1.54%, 0.95%, and
0.93%, respectively. However, an increase of the sound to
1600 rpm for DNiAg50 was observed in Figure 8. This
situation can be attributed to the fluctuations in all cas-
es are within the limits of sensitivity of the instrument.
From the results, the same combined effect of AgNO,
and Ni(NO,),.6H,0 is also valid for the reduction of vi-
bration acceleration and SPL at higher dosage concentra-
tions. These results are also confirmed by [12].

4, Conclusions

The paper concentrated on the emissions and vibration
characteristics of a single diesel engine fueled metal-
lic-based nanoparticles. The main findings can be sum-
marized as follows.

e Significant change is not observed in the physico-
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Figure 7. Change in vibration versus engine speed
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Figure 8. Change in sound level versus engine speed

chemical properties of the test fuels with test fuels
containing metallic-based nanoparticles. However,
viscosity, the heating value, and the cetane number
of blend fuels increased slightly, especially at the
higher concentration level of nanoparticles.

SFC reduced with the addition of nanoparticles for
whole test fuels with the rise in concentration levels.
Maximum average reduction of SFC was observed
for DNiAg50 as 3.37% when compared with con-
ventional diesel fuel. This can be ascribed since the
catalytic effect of nanoparticles, the enhanced heat-
ing value of test fuels, and momentum of fuel jet and
rate of penetration which accounts for the homoge-
neous spread of air-fuel mixture inside the cylinder.
Emission of CO, HC, and NO, showed a decre-
ment trend and maximum reduction was found for
DNiAg50 test fuel. The reason for this reduction is
by virtue of high oxygen content and large surface
area of nanoparticles, also reduction of ignition delay
which causes better catalytic activity, furthermore,
fast evaporation rate which is confirmed by lower ex-
haust gas temperature, higher thermal conductivity
and cetane number of nanoparticles.

Mean engine vibration and noise levels of test fuels
escalated with the increment in engine speed. But,

European Mechanical Science (2022), 6(1): 9-16

when evaluated for whole engine tests, depending on
the increase of concentration levels of nanoparticles,
there is a slight reduction in terms of vibration and

SPL.

In conclusion, it has been determined that silver nitrate
doped mixtures have a strong effect in parallel with the
increase in nanoparticle concentration levels in terms of
performance increase and reduction of emission values.

Future studies are required in order to determine the
combined effects of various bimetallic nanoparticle and

their optimal dosage in reduction of emission and SPL.
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