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ABSTRACT 

This study aims to investigate the influence of nano-particles addition to a diesel fuel (DF) on the pressure at the 

start of ignition and at the maximum pressure. The nano-fuels that are made from blending aluminum oxide (Al2O3) or 

titanium oxide (TiO2), both (< 50nm particle diameter), with the diesel fuel. The investigation is conducted on a four-

stroke, single-cylinder, water-cooled, four-stroke, and direct-injection diesel engine with a compression ratio of 15.5 and a 

displacement volume of 553 cm
3
, yielding a 3.7kW power at 1500 rpm, as obtained using a dynamometer. Four doses of 

each fuel type (25, 50, 100 and 150 ppm) are prepared. The influence of nanoparticle addition is immensely evident at the 

start of ignition and at the maximum pressure. The results show that the cylinder pressure is improved considerably at the 

start of ignition and at the maximum pressure. It is found that the cylinder pressure reaches 46.7, 44.34 and 46.05 bar for 

pure DF, (DF+TiO2) and (DF+Al2O3) nano-fuels, respectively, at 25 ppm with full load. It is also found that the brake 

thermal efficiency increases from 18.9% for pure DF to 24.25% and 20.45% for (DF+TiO2) and (DF+Al2O3) nano-fuels, 

respectively, under the same conditions. The peak pressure for diesel fuel is 62 bar, which is shown to be increased to 63.2 

bar for (DF+Al2O3); however, it is decreased to 60.4 bar for (DF+TiO2), at full load and 25 ppm. 
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INTRODUCTION 

In general, diesel engines are frequently 

employed given their plausible economy and effortless 

operation. The expanding use of diesel engines has 

considerably aggravated environmental pollution, resulting 

in global warming. Fuels with nanoparticle catalyst have 

been employed to shorten the delay period in diesel 

engines, consequently reducing the cylinder and maximum 

pressures.  

(Arul et al., 2009) tested the impact of using 

cerium oxide (CeO2) nano-particles in a compression 

ignition engine (CI). The tested engine contained a water 

cool, single cylinder and four-stroke diesel engine. CeO2 

nanoparticles (25 ppm) acted as oxygen-donating 

catalysts, supplying O2 to the oxidation process of carbon 

monoxide (CO), and reducing the nitrogen oxide. These 

nanoparticles also reduced UHC and smoke emission and 

Brake Specific Fuel Consumption (BSFC) to 0.358 

kg/kW/h. (Shafi et al., 2011) tested experimentally the 

influence of combining magnetic nanoparticles (10 nm) 

with 0.4 and 0.8 Ferro doses volume with a pure (DF). The 

engine used in the test was a water-cooled four-stroke, 

four-cylinder machine, featuring a 43 kW power and 

running at a constant speed of 4,800 rpm. The results 

showed that adding the nano-particles enhances the engine 

performance throughout boosting the brake thermal 

efficiency (BTE), which increases by 12%, and restraining 

the (BSFC), which decreases by 11%. (Solara, 2012) 

conducted an experimental study to check the impact of 

blending aluminum oxide (Al2O3) with a (DF). 

Nanoparticles with10 nm particle size was used. It was 

found that the adding particles enhance the combustion 

features such as decreasing the emission of carbon 

monoxide and improving the combustion efficiency and 

stability. (Sajeevan and Sajith, 2013) conducted a test on a 

four-stroke stationary diesel engine with various doses of 

CeO2 nanoparticles (5-35 ppm). They found that the 

(BTE) increases by approximately 6% compared to that of 

clear (DF) at the dose of 35 ppm, and at higher loads. It 

was also found that the fuel viscosity, flash point and fire 

point increase with an increase in the dose of 

nanoparticles. (Selvaganapthy et al., 2013) examined the 

performance of a water-cooled, four-stroke, single-

cylinder vertical diesel engine with adding zinc oxide 

(ZnO) nano-particles. The nano-particles used were 1-100 

nm particle size, and applied at 250 and 500 ppm doses. It 

was shown that the ZnO addition lowers the ignition 

delay. Also, the peak pressure was found to rise from 69 

bar for a neat DF to 76.6 bar by adding 250 ppm ZnO, and 

to 78 bar by adding 500 ppm ZnO. (Nithan and 

Muhummad, 2013) investigated experimentally the impact 

of adding CeO2 to neat DF on the performance and 

emission of a four-stroke, water-cooled and four-cylinder 

CI engine with a constant speed of 1,700 rpm and a rate 

power of 15 hp. They employed nano-particles with 

dosages of 10, 20, 30 and 40 ppm. They showed that bsfc 

reduces for 0.5 kg/kWh for (DF + 30 ppm CeO2). (Mehta 

et al., 2014) examined the influence of nano-additives 

blending with a pure DF of a CI engine. The experiments 

were conducted on a four-stroke, single-cylinder, water-

cooled diesel engine with 5.2 kW power and a constant 

speed of 1,500 rpm. The nanoadditives comprise 

aluminium (5-150 nm), iron (30-60 nm) and boron (80-

100 nm). The results also showed that the ignition delay 
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and the BSFC decrease, whereas the BTE increases by 

33%. (Aalam et al., 2015) studied the impact of adding 

Al2O3 nano-particles to a biodiesel. When the biodiesel 

was added with 50 ppm of Al2O3 nanoparticles 

(AONP50), BSFC decreased by 6%, and BTE increased 

by 2.5%. Meanwhile, the cylinder pressure was found to 

increase to 66.115 for 25 ppm Al2O3 (AONP25), and to 

69.946 bar for 50 ppm Al2O3 (AONP50). In addition, the 

influence of mixing Al2O3 nano-particles with a methyl 

ester from neem oil (MENO) as a biodiesel in a direct-

injection (DI) diesel engine was investigated 

experimentally by (Balaji and Cherala, 2015). Different 

proportions of Al2O3 nano-particles were used (100, 200 

and 300 ppm), they reported that the BTE can be increased 

by 2.17%, 4.23% and 3.49% by adding nano-additives of 

100 ppm, 200 ppm and 300 ppm Al2O3, respectively. Also, 

the ignition delay period and the rate of heat release were 

reported to decrease considerably by adding the nano-

additives for all biodiesel blends. 

(Babu, 2015) performed theoretical and 

experimental investigations to check the effect of 

nanoparticle additives on the performance of CI engine. 

Also, Al2O3 nano-particles were employed, but with a 

particle size of approximately 50 nm, density of 3.97 g/ml 

and dosages of 25, 50 and 75 ppm. The test was conducted 

on a four-stroke, single-cylinder, water-cooled diesel 

engine with 7.5 hp, a constant speed of 1,800 rpm and a 

compression ratio of 17.5. The peak pressure was shown 

to rise from 54 bar to 58 bar by mixing 75 ppm Al2O3 

nano-particles with the pure DF. (Saraee et al., 2015) 

presented the results of the consumption and emission of 

diesel fuel used in a water-cooled, linear and naturally 

aspirated CI/DI engine with four cylinders and at a 

constant speed of 1500 rpm. Cerium oxide and aluminium 

oxide nanoparticles were used at different doses. BTE 

significantly improved by roughly 6%, whereas BSFC 

reduced to 6%. (Rolvin et al., 2015) tested the effect of 

utilizing of (TiO2) nanoparticle with the DF in a diesel 

engine. The experimental tests were performed at a 

constant engine speed of 1500 rpm, and at a compression 

ratio of 17.5. The nanoparticle size used was between 10–
20 nm, and the concentration was 80 mg/L. When TiO2 

nanoparticles were added, BTE increased by 0.9% at full 

load, whereas BSFC reduced by 22%. Furthermore, 

(Mohan et al., 2015) added Al2O3 nano-additives with size 

ranging between 5–150 nm to the DF fuel of a stationary, 

water-cooled CI engine with a four-stroke single cylinder 

and a constant speed of 1500 rpm. It was shown that the 

BSFC reduces by 7%, while the exhaust gas temperature 

and the BTE increase by 8% and 9%, respectively, 

compared to that of clear DF. The peak pressure of the 

nano-fuel was found to increase to approximately 62 bar at 

the full load. (Hamadi et al., 2016) studied the impact of 

employing ZnO nanoparticles on the fuel emission and the 

performance of a CI engine. The doses used were 100 and 

50 ppm. The experimental work was performed in a water-

cooled, naturally aspirated DI Fait diesel engine with a 

fuel injection pressure of 400 bar and varying loads. BTE 

increased, whereas BSFC decreased with increasing 

nanoparticle dose. (Raja et al., 2016) examined the 

influence of Al2O3 on DF. The showed that peak pressure 

increases due to shortening of diffusion combustion of 

nanoparticle-blended fuels and increase in cylinder 

temperature. The rate of heat release reduced with the 

decrease in nanoparticle owing to the shortened delay 

period, indicating that lesser fuel participated during 

premix combustion. The heat release rates measured 

93.774, 80.440 and 80.025 kJ/m3CA for diesel at 25 and 

50 ppm. (Gumus et al., 2016) performed an experimental 

comparative study on the performance and emission of CI 

engine with the addition of Al2O3 and copper oxide (CuO) 

to neat diesel. Mechanical homogeniser and ultrasonic 

devices were used to mix neat DF with nanoparticle with 

different mass fractions. They reported that both Al2O3 

reduce the BSFC by 0.5% and CuO 1.2%, respectively.  

 

EXPERIMENTAL SETUP 

The current experiments were performed to 

investigate the influence of nanoparticle addition on 

pressure at the start of ignition and maximum pressure of a 

water-cooled, four-stroke and single cylinder DI diesel 

engine. A developing power 3.7 kW at a constant speed of 

1500 rpm. The engine was a variable compression ratio. 

The engine featured a three-hole nozzle with 0.2 mm 

diameter with injection pressure 160 bar. Figure-1 shows 

the schematic of the complete rig setup. 

  

FUEL AND NANOFUEL PREPARATION 

The pure diesel fuel employed in the present 

investigation was diesel C12.3H22.2, dynamic viscosity of 

2.778 × 10-3 (kg/ms) and a density of 844.3 kg/m3. Two 

kinds of nano-additives, namely, TiO2 and Al2O3 with 

particle size of less than 50 nm for both of them, were 

selected for blending with the DF. The selected 

nanoparticle doses were 25, 50, 100 and 150 ppm. 

 

RESULTS AND DISCUSSIONS 

 

BTE 

Figures (2 and 3) display the effects of 

nanoparticle addition to DF on BTE under different loads. 

Generally, the nano-particles have a large surface area and 

wide reactive surface that contribute to a higher chemical 

reactivity and act as potential catalysts. The addition of 

both types of nanoparticles improved the BTE, with the 

maximum improvement reached at the 25 ppm dose. The 

addition of nanoparticles with DF increased the speed of 

combustion due to the improved radiative heat transfer and 

mass transport properties, which remarkably enhanced the 

combustion efficiency. However, the impact of TiO2 was 

shown to be much higher than that of Al2O3. It was found 

that the maximum BTE gained was 24.9% for TiO2 and 

21% for Al2O3. TiO2 presented higher oxidizing 

characteristics than Al2O3. The improvement in BTE 

contributed to the better combustion process caused by the 

existence of the nano-additives. It is seen that the BTE 

increases by 8.2% when adding for Al2O3 and by 28.44% 

when adding TiO2, respectively, for 25 ppm particle size 

and at 75% load. 
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Ignition delay results 
Ignition delay directly influences the heat release 

rate but indirectly affects engine exhaust emission 

formation and engine noise. The ignition delay period can 

be divided into physical delay such as spray penetration, 

vaporization rate, fuel-air mixing and fuel droplet breakup 

rate, and chemical delay such as pre-combustion reaction 

of air, fuel and residual gas, with the tow time scales 

occurring simultaneously. This phenomenon is due to 

better combustion resulting from the shortened ignition 

delay period. The addition of nanoparticles affected the 

delay period, especially with TiO2. Figures (4 and 5) show 

the effect of nanoparticle addition on the delay period. 

Delay period decreased with TiO2 and Al2O3 by 5.47% and 

0.99%, respectively, at 25 ppm and full load. This 

phenomenon was due to the increasing rate of evaporation, 

which was produced by the absorption of nanoparticles of 

the heat emitted and its distribution within the liquid 

droplets and the presence of additional oxygen available to 

yield a flammable mixture. Addition of both nanoparticle 

types (Al2O3 and TiO2) caused reduction in the delay 

period. The main reason for this effect was that the higher 

viscosity of DF + Al2O3 than that of DF + TiO2. At 25 

ppm dose, TiO2 achieved the most evident effect. 

Afterward, the delay period increased, but Al2O3 

continuously decreased for all doses. Figures (4 and 5) 

show the delay period with nanoparticle dose. 

 

EGT 

Figures (6 and 7) demonstrate the influence of 

nanoparticle addition on the EGT at variant doses and 

loads. The EGT of the blends was lower than that of diesel 

owing to the reduced delay period for both types of 

nanoparticles. TiO2 nanoparticles reduced Texh, and these 

effects increased with increasing dose. In fact, this result is 

owing to the lesser maximum cylinder pressure and the 

relatively shorter delay period when using TiO2 

nanoparticles, as will be clarified subsequently. 

Nevertheless, the addition of Al2O3 was found to increase 

the Texh for the entire loads. This augmentation in the Texh 

because the higher peak in cylinder pressure caused by 

Al2O
3
 nano-additives. 

 

Cylinder pressure 

 

A. History of the pressure 

Figures (8, a, b and c) illustrate the history 

diagram of the in cylinder pressure for the diesel fuel, the 

nano-fuel (DF+25 ppm Al2O3) and the nano-fuel (DF+25 

ppm TiO2), respectively. The comparison in this figure 

show that the extreme cylinder pressure increases under 

Al2O3 nanoparticles but decreased in TiO2 compared with 

that of clear DF. The influence of TiO2 nano-particles 

owes to the meager delay period, indicating to the minimal 

premixed fraction of the combustion duration. For 

instance, it was found that the superior pressure decreases 

from 57 bar to 56.5 bar when adding the nano-fuel (DF+25 

ppm TiO2), at 25% load. In addition, it was seen that the 

extreme cylinder pressure increases to 57.5 bar when 

Al2O3 nanoparticles are added, as Al2O3 slightly affect the 

delay period but improve the combustion process. The 

results showed that the high surface area/volume ratio and 

the high content of abundant oxygen in Al2O3 improve 

significantly the cylinder pressure. Indeed, as the extreme 

cylinder pressure position moves towards to the TDC, the 

efficient expansion process is lengthened, and more power 

is generated. Hence, a better BTE was obtained.  

The history diagrams of cylinder pressure for the 

nano-fuel 50, 100 and 150 ppm of Al2O3 and TiO2 are 

shown in Figures (9, 10 and 11), respectively, at 25% load 

and 1500 rpm. Figure-8 displays the same trends. Figures 

(12 and 13) show the relationship between the cylinder 

pressure at the start of ignition and dosage of nanoparticles 

(Al2O3 and TiO2). At increased loads, Pc decreased due to 

shortened delay period. At increased dose of nanoparticles, 

Pc decreased, indicating that addition of nanoparticles 

improved the physical properties, such as cetane number, 

of DF. The effect of compression ratio was evident when it 

increased as the Pc increased. The effect of TiO2 was 

greater than that of Al2O3, especially at 25 ppm at all 

loads. The pressure variation in the operation cycle is 

significant for the performance characteristics analysis of 

whatever fuel employed in CI engines. 

 

B. Maximum pressure 

Figures (14 and 15) illustrate the relationship 

between the maximum pressure and dosage of 

nanoparticles (Al2O3 and TiO2). It can be seen that as the 

peak pressure position moves towards the TDC, a 

considerable expansion in the efficient expansion process 

be obtained, which produces more output power, thus, a 

much better BTE can be gained. It is shown that a 

considerable increase in the maximum cylinder pressure 

can be also obtained with adding Al2O3 nanoparticles to 

the DF. This is due to the high pressure generated under 

small volumes, subsequently, which raises the cylinder 

pressure. Thus, the increase in peak pressure indicated 

advancement toward the TDC. The decrease in the peak 

pressure implies the delay in the TDC. The addition of 

Al2O3 with neat diesel accelerated the early initiation of 

combustion, whereas ignition delay decreased. Hence, 

more fuel accumulated in the premix combustion phase, 

causing a faster combustion that resulted in a higher peak 

pressure. 

 

C. Timing of maximum pressure (Pmax) 

Figure-16 depicts the relationship between the 

timing of maximum pressure and dosage of nanoparticles 

(Al2O3 and TiO2).  Pmax approached the TDC more with 

Al2O3 than with TiO2 due to the presumably larger premix 

stage with Al2O3 than with TiO2. 

 

D. Timing of ΔPmax  
Figure-17 presents the relationship between the 

difference in maximum pressure and nanoparticle dosage 

(Al2O3 and TiO2). The figure clearly shows that the 

superior pressure when adding Al2O3 nano-additives can 

approach the ATDC. Meanwhile, it is shown that the 

superior pressure is slightly distant from the ATDC with 

the addition of TiO2. 
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1 Air surge tank 7 Fuel injector 13 Calorimeter 

2 Data Logger 8 Engine block 14 Silencer tip 

3 PC 9 Cylinder head 15 Exhaust gas probe 

4 Water manometer 10 Gas analyzer 16 Fuel tank 

5 Eddy current 11 Smoke meter   

6 Intake air 12 PT-100 sensor   
 

Figure-1. Schematic diagram of experimental set up. 

 

 
 

Figure-2. Variation of brake thermal efficiency with the 

dose of nanoparticles for (Al2O3). 

 

 
 

Figure-3. Variation of brake thermal efficiency with the 

dose of nanoparticles for (TiO2). 
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Figure-4. Variation of delay period with the dose of 

nanoparticles for (Al2O3). 

 

 
 

Figure-5. Variation of delay period with the dose of 

nanoparticles for (TiO2). 

 

 
 

Figure-6. Variation of the Texh with the dose of 

nanoparticles for (Al2O3). 

 

 
 

Figure-7. Variation of the Texh with the dose of 

nanoparticles for (TiO2). 
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Figure-8. Cylinder pressure history (a) Pure diesel; (b) 25 PPM Al2O3; 25 PPM TiO2. 
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Figure-9. Cylinder pressure history with concentration 50 PPM for (a) Al2O3; (b) TiO2. 

 

 
 

Figure-10. Cylinder pressure history with concentration 100 PPM for (a) Al2O3; (b) TiO2. 
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Figure-11. Cylinder pressure history with concentration 150 PPM for (a) Al2O3; (b) TiO2. 

 

 
 

Figure-12. Variation of Pc with the dose of 

Nano particles (Al2O3). 
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Figure-13. Variation of Pc with the dose of 

Nano particles (TiO2). 

 

 
 

Figure-14. Variation of Pmax with the dose of nanoparticles (Al2O3). 
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Figure-15. Variation of Pmax with the dose of nanoparticles (TiO2). 

 

 
 

Figure-16. Variation of the timing of Pmax with dose of nanoparticles. 
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Figure-17. Variation of Δpmax with nanoparticles dose. 

 

 

CONCLUSIONS 

The influences of nano-particles addition to a 

diesel fuel on the pressure at the start of ignition and at the 

maximum pressure have been presented in this paper 

which shows the following capabilities: 

 

a) A better BTE can be obtained with the addition of 

TiO2 (25 ppm) than with the addition of Al2O3 (25 

ppm). The maximum BTE for Al2O3 and TiO2 reaches 

21% and 24.94%, respectively, at 25 ppm particle 

size. 

b) The delay period decreases with TiO2 and Al2O3 by 

5.47% and 0.99%, respectively, at 25 ppm and at the 

full load. 

c) The EGR decreases with the increase in dosage of 

TiO2, but it increases with the increase dosage of 

Al2O3.  

d) For the cylinder pressure at the start of ignition, the 

influence of adding TiO2 is greater than adding of 

Al2O3, especially at 25 ppm at all loads. 

e) The peak pressure decreases from 62.034 bar to 57.18 

bar when blending the pure DF with TiO2, but it 

increases when mixing the DF with Al2O3. 

f) The maximum pressure timing moves closer towards 

the TDC with the addition of Al2O3 more than that 

with TiO2. 

g) In general, the 25 ppm dose of both nanoparticle types 

provided the best engine performance and pollutant 

emission. 

 

REFERENCES 

 
Ajin C. Sajeevan and V. Sajith. 2013. Engine emission 
Reduction using catalytic nanoparticles an experimental 
investigation. Hindawi Publishing Corporation. Journal of 
Eng. 1: 131-139. 
 
Arul M.S. V, Anand R.B., Udayakumar M. 2009. Effects 
of cerium oxide nanoparticle addition   in diesel and 
diesel-biodiesel-ethanol blends on the performance and 
emission characteristics of a CI engine. ARPN Journal of 
Engineering Applied Sciences. 4: 1-6. 
 
Babu K. B. 2015. Theoretical and Experiment validation 
of performance and emission characteristics of nano 
additive blended diesel engine. International Journal of 
Researching Aeronautical and Mechanical Engineering. 3: 
3-8. 
 
Balaji G and Cheralathan M. 2015. Influence of Alumina 
oxide nanoparticles on the performance and emission in a 
methyl ester of neem oil fueled Al diesel engine. 
Renewable Energy. 74: 910-916. 
 
Gumus S., Ozcan H., Ozbey M. and Topaloglu B. 2016. 
Aluminum oxide and copper oxide nanodiesel fuel 
properties and usage in a compression ignition engine. 
Fuel. 163: 80-87. 
 
Hamadi A., S., Dhahad H., A., Noaman R., Kidher T., 
Suhail S. and Abass Q. 2016. An experimental investigates 
to study the effect of Zinc oxide nanoparticles fuel 
additives on the performance and emissions characteristics 
of diesel engine. Babylon University, The Iraqi Journal for 
mechanical and Material Engineering. 3: 182-190.  
 
Mehta R.N., Chakraborty M. and Parikh P.A. 2014. 
Nanofuels Combustion, engine performance and 
emissions. Fuel: 120: 91-97. 
 



                                VOL. 14, NO. 8, APRIL 2019                                                                                                                   ISSN 1819-6608 

ARPN Journal of Engineering and Applied Sciences 
©2006-2019 Asian Research Publishing Network (ARPN). All rights reserved. 

 
www.arpnjournals.com 

 

 
                                                                                                                                              1489 

Mohan N., Sharma M., Singh R.C. and Pandey R.K. 2015. 
Performance study of Diesel engine using Nanofuel. 
International. Conference of Advance Research and 
innovation. pp. 457-460.  
 
Nithan and Muhammad, 2013. Performance and emission 
characteristics of a C.I engine with cerium oxide 
nanoparticles as additive to diesel. International   Journal 
of Science and Research. 
 
Raj M., N., Gajendiran, M., Pitchardi, k. and Nallusam N. 
2016. Investigation on aluminium oxide nano particles 
blended fuel combustion, performance and emission 
characteristics of a diesel engine. Journal of chemical and 
pharmaceutical Research. 8: 246- 257.  
 
Rolvin D. Silva, Binu K.O, Thirumaleshwara Bhat. 2015. 
Performance and Emission characteristics of a C.l.  Engine 
fueled with diesel and Ti02 nanoparticles as fuel additive. 
Materials Today. 2: 3728-3735.  
 
Saraee S., H., Jafarmadar S., Taghavifor H., Asharfi S.J. 
2015. Reduction of emissions and fuel consumption in 
compression ignition engine using nanoparticles. 
International Journal of Environmental Science and 
Technology. 12: 2245-2262.  
 
Selvaganapthy A., Sundar A., Kumaragurubaran B. and 
Gopal P. 2013. An Experimental   Investigation to Study 
the Effects of Various Nano Particles with Diesel on Di 
Diesel Engine. ARPN Journal of Science and Technology. 
3: 112-115. 
 
Shafii M. R., Daneshvar P., Jahani NA. and Mobini K., 
2009. Effect of ferrofluid on the performance and emission 
patterns of a four-stroke diesel engine. Advances in 
Mechanical Engineering. 3: 529-649. 
 
Solara G. 2012. Experimental analysis of the influence of 
inert nano-additives upon combustion of diesel sprays. 
Nanoscience and Nanotechnology. 2: 129- 133. 
 
Syed A.C., G.G. Saravanan and M. Kanna. 2015. 
Experimental investigation on a CROI system assisted 
diesel engine fueled with aluminium oxide nanoparticles 
blended biodiesles. Alexandrsa engineering Journal. 54: 
361- 358. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


