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Abstract
The present work is an experimental study on the effect of graphene NPs on the combustion, emission and radiative char-
acteristics of diesel fuel. The hot plate experiment results show that the ignition probability of the diesel fuel droplets 
significantly increases in the presence of graphene nanoparticles. By adding graphene NPs, the ignition delay of diesel fuel 
droplets decreases up to 13%. The fuels were burned in an oil burner subsequently, and flame temperature, luminous and 
thermal radiation and emissions were measured. The maximum flame temperature increases in the presence of graphene 
NPs. After the maximum temperature point, the lower temperature of the nanofuel flames compared with pure diesel is due 
to the higher burning rate of nanofuels. As revealed by the measurements, thermal efficiency increases over the base fuel 
by 10.1% and 12.7% for the mass fraction of 0.05% and 0.1%, respectively. NO emissions do not change significantly in the 
presence of graphene NPs. More CO is produced by adding graphene nanoparticles. Also, the addition of graphene NPs 
considerably increases the radiation heat flux. The thermal and luminous radiation increases by about 7% and 9.67% for 
diesel fuel containing 0.1% graphene NPs.

Keywords Nonofuel · Ignition probability · Thermal efficiency · Pollutant emission · Luminous radiation · Thermal 
radiation

Introduction

Due to the growth of energy consumption and the impor-
tance of environmental protection, fuel modification has 
received a great deal of attention. The ignition and combus-
tion properties of liquid fuels can be improved by using addi-
tives. Nanofluids have the potential to be used in many areas 
such as combustion, heat and mass transfer and energy stor-
age, (Keblinski et al. 2005; Choi 2008, 2009; Murshed et al. 
2008; Shams et al. 2012). Studies have shown that NP addi-
tives positively affect the ignition and combustion features of 

fuels (Yetter et al. 2009; Chehroudi 2011; Basu and Miglani 
2016; Kannaiyan et al. 2017; Aasim et al. 2020). Moreover, 
conventional systems already in use can operate on nanofu-
els with little or no changes.

Numerous studies have been done on nanofuels. Some of 
them have dealt with the behavior of fuel droplets. Gan and 
Qiao (2011) investigated the combustion behavior of ethanol 
and decane fuel with Al micro and NPs. They studied the 
behavior of the fuel droplets through single droplet experi-
ments. They found that the combustion of the fuel droplets 
containing aluminum NPs, 80 nm in diameter, consisted of 
five stages: preheating, ignition, classic combustion, micro-
explosion and surfactant and aluminum ignition. However, 
the combustion of the fuel containing aluminum micropar-
ticles consisted of only the first three stages. The effects 
of the type of NPs (iron and boron), the concentration of 
NPs and the type of base fuel (ethanol and decane) on the 
behavior of nanofuel droplets were investigated by Gan et al. 
(2012). They found that after the evaporation and complete 
combustion of the base fuel of a high-concentration nano-
fuel, if enough energy was released by it, most NPs were 
ignited as large agglomerates. When the nanofuel was dilute, 
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the base fuel and the NPs combusted simultaneously in the 
same stage.

The radiation properties of nanofuels have not been ade-
quately investigated. Gan and Qiao conducted two studies on 
the radiation properties of ethanol containing various NPs 
(Gan and Qiao 2012a, 2012b). The first study dealt with the 
effect of aluminum and aluminum oxide NPs on the radia-
tion properties and the evaporation rate of ethanol (Gan and 
Qiao 2012a). The absorption of radiative energy and hence 
the evaporation rate were raised considerably by the addi-
tion of aluminum NPs, and not as much by the addition of 
aluminum oxide NPs. In the second study (Gan and Qiao 
2012b), the evaporation and radiation properties of ethanol 
containing carbon NPs and carbon nanotubes were studied. 
Their results show that NPs raised the evaporation rate of the 
fuel. The burning rate of ethanol droplets in the presence of 
aluminum NPs was investigated by Tanvir and Qiao (2014) 
through droplet stream experiments. They found that higher 
concentrations of NPs resulted in higher burning rates. Add-
ing 5% (by mass) aluminum NPs raised the burning rate by 
140%. Javed et al. (2015) studied the combustion feature 
and spontaneous ignition of heptane droplets with aluminum 
NPs at different temperatures. Ooi et al. (2016) used single 
droplet experiments to investigate the combustion character-
istics of diesel containing graphene oxide, aluminum oxide 
and iron oxide NPs. All three types of NPs improved the fuel 
combustion properties, while the graphene oxide NPs were 
the most effective.

Limited studies have used hot plate experiments to 
explore the ignition properties of nanofuels. Tyagi et al. 
(2008) studied the effect of adding Al and aluminum oxide 
NPs to diesel fuel. The ignition probability of the diesel 
containing NPs was considerably greater than that of the 
pure diesel. The effect of aluminum oxide, iron oxide NPs 
and carbon nanotubes on the ignition probability of ethanol 
was investigated by Huang et al. (2014). They found that 
the ignition probability of ethanol considerably increases by 
adding NPs. The increment of ignition probability depends 
on the concentration and geometry of the NPs. Shams and 
Moghiman (2017) investigated the effects of the type and 
size of metal oxide NPs and the droplet size on the igni-
tion characteristic of diesel fuel. In another study, Shams 
and Moghiman (2018) experimentally studied the effect of 
metal oxide NPs on the ignition features of diesel fuel. In 
the presence of metal oxide NPs, the ignition probability 
significantly increases and the burning time and the ignition 
zone decrease.

Few studies have been conducted on the performance 
of nanofuels in furnaces. Mehregan and Moghiman (2014) 
numerically studied thye combustion properties and pol-
lutant emission of ethanol and decane-containing alu-
minum NPs. Their results showed that the aluminum NPs 
reduced the maximum flame temperature and shifted the 

position of its occurrence downstream the flame. Sungur 
et al. (2016) recently studied the combustion characteris-
tics and pollutant emission of nanofuels inside a boiler. 
They found that in the presence of aluminum oxide and 
titanium oxide NPs, the high temperature zone decreased 
in size and the thermal efficiency increased by 0.4%. Bazo-
oyar et al. (2018) investigated the effect of adding modified 
Fe2O3–WO3 particles on the combustion properties and 
emissions of a semi-industrial boiler. They found that ther-
mal efficiency increases by adding prepared tungsten–fer-
ric FBC.

The radiation behavior of nanofuels in diffusion flames 
has been the subject of some studies. Waheed et al. (2015) 
investigated the radiation from the flame of LPG gas and 
water in the presence of aluminum oxide NPs inside a 
laboratory furnace. The temperature measurements inside 
the furnace revealed that the additive aluminum oxide 
NPs reduced the maximum temperature of the flame 
and increased the flame radiation. In another study, they 
investigated the effect of added carbon NPs (Waheed et al. 
2014). They found that the addition of carbon NPs reduces 
radiation in the upstream region of the flame. However, as 
the NPs moved down the flame axis, they participated in 
the combustion reactions, which increased the radiation. 
Boghrati et al. (2017) investigated the effect of adding car-
bon nanotubes on the radiation flux of the base fuel. They 
reported that the addition of carbon NPs decreased the 
flame length and increased the radiation and temperature 
of the flame. Liu and Liu (2019) used an inverse method to 
estimate the temperature, concentration fields of soot and 
metal oxide NPs in asymmetric nanofuel flame.

The addition of NPs to liquid fuels may produce remarka-
ble effects, ranging from improved performance to increased 
efficiency and decreases in the pollutants emitted from com-
bustion chambers (Afzal et al. 2021). Most studies in this 
field have dealt with the use of metal and metal oxide NPs 
(Tyagi et al. 2008; Boghrati et al. 2017; Beloni et al. 2008; 
Risha et al. 2007; Allen and Lee 2009; Wei et al. 2021; Kaki 
et al. 2021). However, metal oxide NPs, which are emit-
ted as combustion by-products, may cause pulmonary and 
respiratory illnesses and skin allergies (Sharifi et al. 2012). 
Graphene nanolayers, as a type of carbon NPs, have desir-
able thermophysical and combustion properties.

This study deals with the effect of graphene NPs on the 
ignition, combustion and radiation properties of diesel fuel 
and emissions. First, a hot plate experiment is conducted to 
explore the ignition properties of fuel droplets. Then, the 
nanofuel containing graphene NPs is subjected to experi-
ments in a furnace to investigate the combustion perfor-
mance and pollutant emission of the nanofuel flame. Finally, 
the effect of graphene NPs on luminous and thermal radia-
tions is investigated.
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Fuel preparation

Diesel is widely used in transportation, agriculture, power 
generation, aerospace, etc. Because of its many applica-
tions, in this study diesel is selected as the base fuel. The 
specification and percent composition of diesel fuel are 
given in Table 1.

Graphene has a two-dimensional honeycomb structure 
of carbon atoms. This gives it a high area-to-volume ratio 
(Chehroudi 2016). Moreover, compared with metal oxide 
NPs, graphene nanolayers can participate in combustion 
reactions and produce less hazardous by-products (Ooi 
et al. 2016). Due to their desirable properties, graphene 
nanolayers as thick as 2–18 nm are selected in this study. 
Table 2 shows the properties of the graphene nanolayers as 
announced by the manufacturer (Research Nanomaterials, 

Inc.). The SEM and TEM images of graphene nanolayers 
are displayed in Fig. 1. To provide a closer look at the size 
distribution of graphen nanolayers, the images of XRD 
analysis are shown in Fig. 2.

Experimental setup

Hot plate experiment

The schematic of the hot plate setup is shown in Fig. 3. The 
experiments were conducted on a 9 cm × 6 cm stainless 
steel plate heated by ceramic electric elements. A GM900 
laser infrared thermometer measured the temperature. The 

Table 1  The constituent elements and percent composition of diesel 
fuel

Nitrogen (N) Sulfur (S) Hydrogen 
(H)

Carbon (C) Component

0.100 0.365 16.200 83.540 Mass fraction 
(%)

Table 2  The properties of the graphene nanolayers

Nanoparticle Symbol Purity Thickness Range of particle size

Graphene G 99.5% 2–18 nm 2–80 nm

Fig. 1  a The SEM image and b the TEM image of the graphene nanolayers
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Fig. 2  The result of the XRD processing of the graphene nanolay-
ers. The nanofuel is prepared through two steps. First, NPs are mixed 
with fuel. Then, the mixture is placed in a UP400-A ultrasonic probe 
device for 20 min
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maximum operating temperature of the thermometer was 
900 °C and its accuracy was ± 1.5 °C.

A pipette, 1 ml in volume, was installed over the hot plate. 
The pipette was positioned at a distance of 2.5 cm from the 
surface of the hot plate. The average diameter of the fuel drop-
lets was 2.9 mm.

The hot plate experiment started at the plate temperature of 
400 °C. The plate temperature was increased by increments of 
20 °C at each stage of the experiment until it reached 660 °C. 
In the beginning, the surface of the plate was cleaned by a very 
fine 120 grit sandpaper. This removed the material remain-
ing on the surface and reduced its impact on the experimental 
results. For each of the nanofuels, at each of the plate tem-
peratures, the experiment was conducted on 50 fuel droplets. 
The experiments were repeated three times to better the accu-
racy of the results. Throughout the tests, a mechanical stirrer 
prevented agglomeration and sedimentation of the NPs. The 
ignition probability at a given temperature was determined by 
using 50 droplets. Ignition probability is determined as

where X is the number of ignited droplets and N is the 
total number of droplets. Ignition probability is reported as 
a percent between 0 and 100%.  Pignition = 0% is associated 

(1)Pignition =
X

N
,

with a low temperature at which no droplet is ignited, while 
 Pignition = 100% is associated with a high temperature at 
which all droplets are ignited.

Furnace experiment

A laboratory furnace was used to study the combustion pro-
cess and pollutant emission of the nanofuels (Fig. 4). The 
combustion chamber was a steel horizontal cylindrical fur-
nace, 1.65 m long and 45 cm in diameter. A layer of mineral 
wool, which was 50 mm thick, prevented heat loss through 
the furnace wall.

Along the furnace axis, points at distances of 15, 25, 35, 
45 and 55 cm away from the furnace starting section were 
assigned to temperature measurement. The temperature 
was measured by type-S thermocouples, with an accuracy 
of ± 2.5 °C, usable for temperatures up to 1500 °C. The ther-
mocouples were connected to two four-channel TM-947SD 
data recorders with a sampling rate of 1 s (Fig. 4). For all 
the nanofuels, the experiments started when the furnace had 
reached a steady-state temperature. Arrival at a steady state 

Fig. 3  The image of the hot plate experiments

Fig. 4  The configuration of the 
furnace experiment setup

Fig. 5  The ignition probability of pure diesel
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was indicated by the temperature on the display not chang-
ing considerably.

A diesel burner with a maximum capacity of 45,000 
kcal/h was used. The fuel system consisted of a pump, an 
electric valve and a nozzle. The liquid fuel was injected by 
the pump as very tiny droplets leaving the nozzle. The noz-
zle was of type AS and was a product of Danfoss. It had a 
60° solid cone spray pattern.

The volumetric flow rate of the air was measured by a 
calibrated flow/velocimeter, Marmonix Man-745 Anemom-
eter, with an accuracy of ± 3%. The average velocity of the 
incoming air was measured to be 4.62 m/s and the average 
air flow rate was 122.976 kg/h. The flow rate of the air enter-
ing the chamber could be controlled by a damper installed 
at the air inlet.

To estimate the thermal efficiency, a copper tube was 
mounted inside the furnace. The water flowed through cop-
per pipes, ½ inch in diameter, which was regularly installed 
on the inner side of the furnace. The inlet and outlet temper-
ature of water flow were measured by two type-T thermocou-
ples with the maximum operating temperature of 200 °C and 
the accuracy of ± 0.1 °C. The thermal efficiency of the com-
bustion chamber was calculated by the following relation:

(2)ηth =
q̇a
q̇f

=
ṁwCp,w

(

Tout − Tin
)

ṁfLHV
,

Table 3  Summary of the 
experimental studies on hot 
plate ignition

Fuel Droplet size Hot surface material Ignition temperature range

Diesel (Colwell and Reza 2005) 23.2 μL 304 stainless steel 500 °C–640 °C
Diesel (Shaw et al. 2010) 15.04 μL 409 stainless steel 450 °C–510 °C
Diesel (Shaw et al. 2010) 15.04 μL stainless steel heat shield Below 400 °C –560 °C
Diesel (Tyagi et al. 2008) 25.3 mg Stainless steel 688 °C–768 °C
Diesel + 0.1%Al2O3 (50 nm) 

(Tyagi et al. 2008)
25.3 mg Stainless steel Not specified − 748 °C

Fig. 6  The ignition probability of diesel containing graphene NPs Fig. 7  Ignition delay time (s) (standard uncertainties (u) are 
u(T) = 4 °C, u(I.D.) =  ± 0.04 s)

Fig. 8  The temperature variation at five measurement points along 
the flame centerline
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where q ̇a is the absorption heat by water and q ̇f is the heat 
released from fuel combustion. mẇ and mḟuel denote the flow 
rate of water and fuel, respectively.  Cp,w is the specific heat 
capacity of water.  Tin and  Tout are the inlet and outlet temper-
atures of water. LHV is the lower heating value of the fuel.

A Testo 350 XL gas analyzer was used to measure the 
degree of pollutant emission. The sampling of the exhaust 
pollutants was done at a position 1 m below the place where 
the products exited through the flue into fresh air.

Radiation experiment

A detector was used to measure the infrared and visible radi-
ations, i.e., thermal radiation. Some detectors are sensitive to 
radiations throughout the entire electromagnetic spectrum, 
while others accommodate only a partial range of wave-
lengths. We measured radiations at the visible wavelengths 
by an SM206 lux meter. It could measure radiations within 
the visible segment of the electromagnetic spectrum. Its res-
olution was 0.1 W/m2 and it was able to measure radiation 
fluxes up to 3999.9 W/m2 with an accuracy of ± 5%. Thermal 
radiation was measured by a thermopile (KIPP & ZONEN, 
CA-2, 009,574) with an accuracy of 0.016 mV/W/m2. It 
can measure radiations at the wavelengths between 0.2 and 
50 µm. These wavelengths are responsible for the main part 
of radiation in combustion (Mehregan and Moghiman 2014). 
The measurement of radiation flux was carried out outside 
the combustion chamber in fixed ambient conditions. The 
thermopile and the lux meter in use were placed at a constant 
distance from the flame axis. After the heat radiation flux of 
the flame was measured, the total energy radiated from the 
flame was calculated by assuming isotropic spherical emis-
sion. The result may be stated as the radiative fraction, χr:

In the above relation, q″ is the heat radiation flux and L 
is the distance between the location of the lux meter and 
the flame axis. Radiative fraction represents the ratio of the 
radiation emitted from the flame into the surroundings, q ̇r, 
to the rate of the heat released from the fuel combustion 
(Waheed et al. 2015).

To get a better insight into the characteristics of the 
flame, we also took photos of the flame. It was done by a 
G100EX NEC Avio heat camera, usable between − 40 °C 
and 1500 °C. It was sensitive to infrared radiations and had 
an accuracy of ± 2 °C.

Results and discussion

Ignition features

To discuss the effect of graphene NPs on the ignition charac-
teristics, first the behavior of the pure fuel was investigated 
(Fig. 5). It can be seen that there are low temperatures in 
which ignition does not occur (ignition probability is 0%) 
and high temperatures in which ignition always occurs (igni-
tion probability is 100%). For the temperatures between 
these cases, higher surface temperature meant higher igni-
tion probability. This behavior is similar to those reported 
by previous studies (Colwell and Reza 2005; Davis et al. 
2010). The findings of the other studies and their respective 
experimental settings are given in Table 3. The difference 
between previous and present results is attributed to the sen-
sitivity of the hot surface test to the fuel properties and the 
experimental setting.

Figure 6 shows the ignition probability of diesel fuel 
droplets containing graphene (G) NPs, at the mass fractions 
of 0.03% and 0.05%. Results show that the ignition probabil-
ity increases in the presence of graphene NPs. For instance, 
the ignition probability at 500 °C, increased from 18 to 56% 
for diesel containing 0.03% graphene NPs. Also, the ignition 
probability of the nanofuel increased by increasing the mass 
fraction of NPs. As the mass fraction of NPs increased from 
0.03% to 0.05%, the ignition probability of the nanofuel, at 
500 °C and 520 °C, increased by 24% and 15.7%, respec-
tively. It can be seen that the minimum temperature needed 
for ignition is reduced in the presence of NPs. Further, com-
pared with the pure diesel, the ignition probability of the 
nanofuels reached 100% at a lower temperature. This result 
can be explained by a higher evaporation rate and higher 
burning rate of nanofuel droplet, as compared to pure fuel.

Figure 7 depicts the effect of graphene NPs on the igni-
tion delay. Results show that the ignition delay decreases 
in the presence of graphene NPs. It can be found that the 

(3)χr =
q̇r

q̇f
=

qε4πL2

ṁfuelLHV
.

Fig. 9  Temperature distribution in the flame of the diesel fuel and the 
diesel/graphene nanofuels along the furnace axis
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addition of graphene NPs decreases the droplet heating time 
and enhances the evaporation rate. Therefore, the heat and 
mass transfer rates increase by adding graphene NPs.

Effect of geraphene NPs on combustion features

Based on the elemental analysis, the equivalent molecular 
formula of diesel fuel can be considered as  C16H32. In the 
present study, the fuel/air equivalence ratio is φ = 0.318. It 
means that there is a lean-burn combustion with excess air. 
Figure 8 shows the temperature distributions of pure diesel 

at the five points inside the furnace for a duration of 40 min 
since the burner started to operate. As shown, the burner 
eventually reached a steady state.

Figure  9 shows the temperature distributions along 
the furnace axis in the steady state. As shown, the added 
graphene NPs resulted in higher maximum temperatures. 
Besides, the higher mass fraction resulted in a higher maxi-
mum temperature. Graphene NPs are basically made up of 

Fig. 10  Effect of graphene NPs on emitted amounts of the pollutants: a CO, b  CO2 and c  NOx emission
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carbon. They tend to have energy-releasing reactions with 
oxygen, which rises the flame temperature. The lower tem-
perature of the flame of the nanofuels, compared with the 
diesel fuel, after the maximum temperature point is due to 
the higher burning rate of the droplets containing NPs. As 
mentioned for the hot plate experiment, a nanofuel contain-
ing graphene NPs has a higher evaporation rate than pure 
fuel. This causes a quicker combustion of the nanofuel.

The emitted amounts of the pollutants CO,  CO2 and  NOx 
are presented in Fig. 10. The concentration of CO is pre-
sented in Fig. 10a. Results show that the concentration of 
carbon monoxide increases in the presence of graphene NPs. 
The amount of carbon monoxide diesel/graphene nanofuels, 
compared with the base fuel, increases 2.5% and 6.3% for 
the mass fractions of 0.05% and 0.1%. The reason for the 
increased concentrations of CO produced by the fuels con-
taining graphene lies in the tendency of graphene to react 
with oxygen and participate in combustion. Figure 10c pre-
sents the effect of graphene NPs on  NOx pollutant emission. 
Results show that  NOx emission was not affected by adding 
graphene NPs to diesel fuel.

The flue gas temperature and the thermal efficiency of 
diesel fuel with and without graphene NPs are presented in 
Fig. 11. Results show that the exhaust temperature of the fur-
nace decreases in the presence of the graphene NPs, while 
the presence of the graphene NPs resulted in higher thermal 
efficiencies. The increases over the base fuel were 10.1% for 
the mass fraction of 0.05% and 12.7% for the mass fraction 
of 0.1%.

Finally, the effect of additive graphene NPs on the radia-
tion of flame is discussed. The flames of diesel fuel and 
nanofuels containing 0.1% (mass fraction) graphene NPs 
were investigated outside the combustion chamber and in 
the same ambient conditions. The amount of radiation heat 
flux depends on the temperature, the emissivity of the gases, 
and the emissivity of soot. Thermal and luminous radiations 
were measured by a thermopile and a lux meter, respectively. 
Also, thermal images produced by the thermal camera were 
used to find the amount of radiation heat flux along the flame 
axis. The uncertainties of luminous and thermal radiations 
were 0.6 W/m2 and 2.79 W/m2, respectively.

The thermal radiation from diesel flame was measured 
to be 86.52 W/m2. Therefore, the radiative fraction of the 
diesel was 0.246. The luminous radiation of the diesel was 
measured by the lux meter to be 4.03 W/m2. Table 4 includes 
the radiative fraction of the diesel in this study compared 
with the results of Koseki (1989), Love et al. (2009), and 
Dhamale et al. (2011). The differences between this study 

Fig. 11  Effect of graphene NPs on thermal efficiency and exhaust 
temperature

Table 4  The radiative fraction of diesel

(Dhamale et al. 
2011)

(Love et al. 2009) (Koseki 1989) Present study

0.27 2700 = Re 0.246 0.35 0.246
0.32 3600 = Re
0.28 4500 = Re

Fig. 12  IR filter transmittance curve
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and the previous studies are due to the different composi-
tions of diesel and the experimental settings.

In this paper, the qualitative distribution of soot particles 
is discussed. The flames were photographed using the fil-
ter which only transmits the near-IR wavelengths (Fig. 12) 
(Pourhoseini and Moghiman 2015). Flame photographs 
with filter are presented in Fig. 13 for diesel fuel and diesel/
graphene nanofuels. It can be seen that adding graphene 
nanoparticles leads to more soot production which expands 
the red zone.

The distributions of the radiation heat fluxes along the 
flame axis for pure diesel and the nanofuel containing the 
graphene NPs, which were obtained by the thermal camera, 
are illustrated in Fig. 14. It shows that graphene NPs con-
siderably increases the radiation heat flux. The added gra-
phene NPs raised the maximum value of the radiation heat 
flux and shifted it upstream the flame. This indicates that 
the NPs brought about a higher evaporation rate, and hence 
higher rates of the chemical reactions. Moreover, graphene 
NPs are made of carbon and participate in combustion reac-
tions, which increases the radiation heat flux of the flame. 
The findings in this section are confirmed by the hot plate 
experiment and the furnace experiment.

The presence of graphene NPs inside fuel droplets 
increases energy absorption. This increases the tempera-
ture of the droplets and the evaporation rate of the nanofuel, 
compared with the base fuel. Previous studies also showed 
that, when multi-layered carbon nanotubes, at the mass frac-
tion of 0.1%, were added to ethanol fuel, the transmissiv-
ity in the visible segment of the electromagnetic spectrum 
decreased from 90% for the pure fuel to 12% for the nanofuel 
(Gan and Qiao 2012b). Moreover, the high area-to-volume 
ratio gives graphene NPs strong reactivity and, being made 
of carbon, they easily participate in combustion reactions. 
The released energy is spent on the evaporation of the other 

Fig. 13  Flame photograph with filter for: a diesel fuel and b diesel/graphene nanofuels

Fig. 14  Distribution of radiation heat fluxes along the axis of the 
flame of the diesel fuel and the diesel/graphene nanofuel

Fig. 15  Thermal radiation and luminous radiation of the flame of the 
diesel fuel and the diesel/graphene nanofuel
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droplets and on the activation of the combustion reactions. 
Increased evaporation rates, which increase the rates of the 
chemical reactions of the nanofuel, raise the maximum value 
of the nanofuel radiation flux and shift the radiation flux 
upstream the flame.

The thermal radiation from the flame of the diesel con-
taining graphene NPs was measured to be 92.58 W/m2, 
which is higher than the one associated with pure diesel. 
The radiative fraction of the nanofuel containing graphene 
NPs was 0.263. The luminous radiation of the nanofuel 
was measured to be 4.42 W/m2. The presence of the gra-
phene NPs increased the luminous radiation by about 9.67% 
(Fig. 15).

Conclusion

The effect of graphene NPs on the combustion properties, 
pollutant emissions and radiation of a diffusion flame of 
diesel fuel is investigated. The nanofuels were prepared by 
the addition of graphene NPs, at different mass fractions, to 
diesel fuel. The main findings are as follows:

The graphene NPs added to diesel fuel considerably 
increase the ignition probability.

Results show that adding graphene NPs decreases the 
ignition delay of diesel fuel.

The additive graphene NPs increase the flame tempera-
ture in the upstream region, while the nanofuel flame tem-
perature is less than the pure fuel in the downstream.

Compared with the base fuel, the nanofuel containing 
graphene NPs has a higher thermal efficiency. Thermal effi-
ciency increases over the base fuel 10.1% and 12.7% for 
the mass fraction of 0.05% and 0.1%, respectively. It means 
that the same amount of power is generated by consuming 
less fuel.

The additive NPs do not affect the production of nitrogen 
oxides in a significant way. They cause more carbon mon-
oxide to be produced.

The results indicate that the thermal and luminous radia-
tions increases about 7% and 9.67%, respectively, in the case 
of nanofuel compared to that of pure diesel.
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