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Experiments on compression ignition engine powered by nano-fuels 
  
ARTICLE INFO  The use of nanoparticles in fuels provides new opportunities for modification of fuel properties, which may 

affect the operational parameters of engines, in particular the efficiency and fuel consumption. The paper 

presents comparison of compression ignition engine performance fuelled with neat diesel and nano-diesel. 

Alumina (Al2O3) was used as nanoparticles. Surface-active substances, including Span 80 surfactant, as well as 
water admixture were used to improve the stability of the produced fuel. Measurements of the thermal conductiv-

ity and dynamic viscosity of the produced mixtures were conducted. In this study was used naturally aspirated, 
water cooled, four-stroke diesel engine. Addition of Al2O3 nanoparticles result in 4% reduced fuel consumption, 

addition of TiO2 nanoparticles result in 10% reduced fuel consumption with respect to neat diesel fuel. 
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1. Introduction 
Nanofluid is a suspension consisted of the base liquid 

and metallic or non-metallic nanoparticles with sizes signif-

icantly smaller than 100 nm. Despite the small share of 

nanoparticles – from a few ppm to several percent of vol-

ume or mass concentration, the nanofluids exhibit com-

pletely different thermophysical properties than the so-

called base fluids. 

In recent years, attempts have been made to produce en-

gine fuels that are mixtures of liquid fuels and nanoparti-

cles. The studies were primarily concerned with diesel-

based nanofuels although some attempt were made to fabri-

cate and test the gasoline based nanofuels. Comprehensive 

state-of-the-art reviews regarding nanofuels have been 

presented in the literature [1–3]. Several fundamental as-

pects connected with nanofuels have been studied. First of 

all thermophysical properties of the nanofuels. It is well 

established that addition of nanoparticles to the base fluid 

increases both the thermal conductivity and viscosity [4, 5]. 

Viscosity increase causes poor atomization, dispersion and 

lower penetration of fuel which is responsible for poor 

mixing of air and fuel inside the cylinder [6]. In order to 

utilize the potential benefits of nanoparticle addition it is 

essential to produce stable and homogeneous nanofuels. It 

is known fact that poorly stabilized nanofuels always dete-

riorates the overall operating characteristics of an engine. 

Moreover, aggregation of nanoparticles not only causes the 

problem of settlement of particles but also increases the 

chances of clogging of fuel injection system. Two methods 

are promising in stabilization of nanofuels: application of 

surfactants [7] and emulsification of fuels [8, 9]. Another 

very carefully studied aspects are ignition and combustion 

of nanofuels [10]. Published studies revealed that addition 

of nanoparticle to fuel acts as combustion catalyst and im-

proves combustion behavior [11]. It was found that burning 

rates of hydrogen with diesel fuel in the presence of aque-

ous aluminum were quite high. The reason can be attributed 

due to small aluminum particle size and high oxidation 

rates which provides larger contact surface areas for de-

composition of more hydrogen from water [12, 13]. It was 

pointed out that metal particles are always covered with  

a natural oxide layer, which limits the oxidation process at 

low temperatures and also have a marked influence on igni-

tion and combustion process [14]. For instance, it was 

shown that the presence of nanoboron particles in the fuel 

reduces the ignition delay which could be responsible for 

more complete combustion of hydrocarbon fuels [15]. 

Physics of nanofuel droplet combustion is investigated as 

well [11]. It was established that nanoscale suspension are 

permeable porous and uniformly distributed structure which 

is responsible for the early occurrence of micro explosion 

phenomenon [16]. Evaporation characteristics of nano-

droplets was studied as well [17]. It is almost common 

consensus that metal nanoscale additives enhanced catalytic 

activity during combustion process and as a consequence 

leads to the better engine characteristics defined by such 

parameters as brake power (BP), brake thermal efficiency 

(BTE) and brake specific fuel consumption (BSFC). Litera-

ture data indicate  slightly higher engine brake power [18, 

19]. Experimental studies conducted with metallic, metal 

oxides and carbon nanotubes as additives to diesel fuel 

show higher brake thermal efficiency [20, 21]. Finally, 

addition of nanoparticles to diesel fuel results in lower 

engine brake specific fuel consumption [9, 22, 23]. It is 

necessary to stress, that the enhancement of BP and BTE or 

reduction of BSFC were observed up to a certain load of 

nanoparticles. The better performance is attributed to high 

surface area of nanoparticles which provides better heat 

transfer rates and further accelerates the combustion pro-

cess provides fast oxidation, which promotes combustion 

reactions. Further it was observed that up to certain rpm 

value, there exist a linear relationship between brake power 

output and the amount of nanoparticle concentration in 

liquid fuels. Proper selection of type of nanoparticle with 

accurate concentration in liquid fuels should essentially be 

required for optimizing the engine performance parameters. 

Research studies report that addition of nanoparticles to 

diesel fuel results in significant decrease of exhaust gas 

emission and soot emissions of a diesel engine [24, 25]. 

The emission reduction level is directly related to the type 
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and concentration of nanoparticles. It was known that CO 

emission mainly depends on equivalent air fuel ratio, 

though diesel engines generally operates with lean air fuel 

mixtures. It was shown that addition of nanoparticles to 

diesel fuel decreases CO emission up to a certain load limit 

[26, 27] and possible explanation of this phenomenon is 

that metal oxide nanoparticles during combustion behave as 

oxygen donating catalyst which augments the oxidation rate 

of CO. The combustion in CI engine is connected with NOx 

emission, that depends upon number of factors, but first of 

all combustion temperature. It has been established that 

addition of nanoparticles to diesel fuel reduces NOx emis-

sions significantly [22, 28]. Possible explanation of this fact 

is the increased chemical reactivity of nanofluid that reduc-

es the ignition delay period that would result in low peak 

combustion temperatures and low peak cylinder pressures 

which further reduces the NOx emission [27]. Experimental 

studies show that addition of nanoparticles to diesel fuel 

accelerates the flame propagation inside the cylinder, which 

lowers the carbon activation temperature and promotes 

more complete combustion (because nanoparticles act as 

oxidizing catalyst). These factors mainly inhibit the hydro-

carbon emissions [29]. Lower smoke emission was ob-

served by many authors due to higher evaporation rate and 

reduced ignition delay of nanofuels [9, 28, 30]. 

As it was stated in [3, 31, 32] limited experimental stud-

ies have been performed on diesel engine to investigate the 

engine performance parameters using nanofluid fuels and 

present paper supplements the data in the relevant literature.  

Alumina (Al2O3) was used as nanoparticles. Surface-

active substances, including Span 80 surfactant, as well as 

water admixture were used to improve the stability of the 

produced fuel. Measurements of the thermal conductivity 

and dynamic viscosity of the produced mixtures were con-

ducted. 

2. Experiment 

2.1. Experimental stand 
Figure 1 shows scheme of the used experimental stand, 

to investigate engine characteristic. In this study was used 

naturally aspirated, water cooled, four-stroke diesel engine, 

technical details of engine is given in Table 1.  

 

Fig. 1. Schematic diagram of experimental stand: 1 – engine, 2 – coupling, 
3 – non-synchronous electric generator, 4 – electricity meter, 5 – fuel tank, 

6 – scale, 7 – exhaust line, 8 – heat exchanger, 9 – cooler, 10 – pump, 11 – 

 flow meter, 12 – valve, 13 – thermocouples, 14 – computer 

 

The fuel was supplied by a mechanically controlled in-

jection system from a tank, in which diesel fuel mixed with 

nanoparticles in appropriate proportions was stored. The 

internal combustion engine powered a generator which 

allowed the engine to be loaded at a constant rotational 

speed. Due to the mechanical load control system used, it 

was not possible to achieve full repeatability of the load for 

the three tested fuel types at one of the operating points (8 

kW). The resulting discrepancies in the load settings did 

not, however, noticeably affect the characteristics of the 

analysed engine operating parameters. 

 
Table 1. Test engine specification 

Test engine/type Andoria S320 

Number of cylinder 1 

Bore 120 mm 

Stroke 160 mm 

Engine volume 1810 cm3 

Compression ratio 17:1 

BSFC  258 g/kWh 

Power 13.2 kW 

Max torque 84.4 Nm 

Rotational speed 1500 rev/min 

2.2. Preparation and characterization of the tested 

nanofluids 

Nanofuels were prepared by direct mixing and ultrason-

ification. Two types of nanoparticles were used in the re-

search: Al2O3 and TiO2. Nanoparticles were supplied from 

SigmaAldrich, size below 50 nm. Nanoparticles suspended 

in base fluid result in changes in optical properties. Figure 2 

presents change in optical transparency in nanofuel Al2O3 50 

ppm  compared to neat diesel fuel. On the left show neat 

diesel fuel, letters behind sample are sharp, on the right 

show nanofuel consist of diesel fuel – Al2O3 50 ppm mass 

concentration.  Sample on the right is cloudy and letters are 

fuzzy.  

 

Fig. 2. Comparison optical transparency, a) neat diesel fuel b) nanofuel – 

Al2O3 50 ppm, turbidity ~30 NTU 

 

As an example illustrating the influence of the fuel 

preparation method on its properties, the results of nonofuel 

Al2O3 tests are presented in Fig. 3 Turbidity value was 

measured by infrared Turbidimeter Al250T-IR. Figure 3 

presents variation of nanofuel turbidity with respect to 

sedimentation time, for different preparation methods. Tur-

bidity changes could be described by two slope curves, in 

first period after preparation turbidity decrease rapidly, 

after three days turbidity decrease slowly. The results show 
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that method of preparation greatly influences the turbidity 

value. Direct mixing resulted in the lowest value of turbidi-

ty, only small part of particles was suspended in diesel fuel. 

Ultrasonification and combination of ultrasonification be-

fore direct mixing give comparable results, application 

direct mixing after ultrasonification result in slight increase 

of turbidity value. Combination of direct mixing before 

ultrasonification result in the highest turbidity value. The 

research did not include the measurement of the viscosity of 

fuels due to the lack of availability of measuring equipment 

adapted to the research in this area of nanofuels. 

 

Fig. 3. Variation of nanofuel turbidity value with respect to sedimentation 
time for different preparation methods 

3. Results 
Figure 4 presents effect of nanoparticles on fuel con-

sumption. Fuel consumption increases with the power in-

crease The points are fitted into line, therefore linear ap-

proximation allow estimate effect nanoadditives on fuel 

consumption. Linear approximation curves are almost par-

allel, therefore comparing value of shifts between curves 

allow estimate changes in fuel consumption. Addition of 

Al2O3 nanoparticles result in 4% reduced fuel consumption, 

addition of TiO2 nanoparticles result in 10% reduced fuel 

consumption with respect to neat diesel fuel. 

 

Fig. 4. The effect of nanoparticles on fuel consumption 

 

The Figure 5 present effect of nanoparticles on brake 

specific fuel consumption. Brake specific fuel consumption 

decreases withe the power increase, values of BSFC are 

approaching to the value BSFC from engine specification 

Table1. In maximum power point, diesel fuel obtain BSFC 

= 281 g/kWh, nanodiesel Al2O3 reduced about 4.9% BSFC 

to 267 g/kWh with respect to neat diesel, nanodiesel TiO2 

reduced about 3.9% BSFC to 270 g/kWh with respect to 

neat diesel. 

 

Fig. 5. Effect of nanoparticles on brake specific fuel consumption 

 

Figure 6 presents effect nanoparticles on exhaust gas 

temperature. Exhaust gas temperature increase with the 

power increase. The points are fitted into line.  There are no 

noticable changes in exhaust gas temperature after addition 

nanoparticles. 

 

Fig. 6. Effect of nanoparticles on exhaust gas temperature 

4. Conclusions 
The use of nanoparticles as additives to diesel fuel may, 

according to the reported research results, bring a noticea-

ble change in the course of the combustion process, mainly 

by modifying the thermal conductivity of the fuel. The tests 

carried out with the use of two types of nanofuels and net 

diesel oil as the reference fuel, allowed to conclude that the 

use of even small amounts of additives modifies the com-

bustion process, leading to changes in the operational pa-

rameters of the engine. Nanoaddtives reduced fuel con-

sumption, nanofuel – Al2O3 50 ppm reduced fuel consump-

tion about 4%, nanofuel – TiO2 50 ppm reduced fuel con-

sumption about 10%. It is worth noting that the change in 

fuel consumption is several orders greater than the change 

in fuel density resulting from the use of nanoparticles. 

There are not observed changes in the exhaust gas tempera-

ture after addition of nanoparticles. 
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