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Abstract. The increasing effort on the environmental impacts of fossil fuel based power generation 

has led to increased research with the aim of reducing emissions and improving combustion 

efficiency by turning to alternative fuel such as biodiesel. But the hazardous emission caused by 

biodiesel is still a problem that need to tackle. One of way to achieve this is by choosing the correct 

nozzle characteristic. In the current study, the effect of nozzle angle on mixture formation and 

combustion characteristic are investigate using air-assisted fuel atomizing biodiesel burner. The 

nozzle angle that was used are θ = 45
0
 and 50

0
. The results show with nozzle 45

0
 produce lower 

spray penetration, but higher spray angle and spray area compare to nozzle 50
0
. The result are 

similar on flame development. For the emission characteristic, theCarbon Monoxide (CO) and 

Hydro Carbon (HC) emission had a strong reduction by using nozzle with 45
0
 angle compare to 50

0
 

angle.  

Introduction 

The increasing focus on the environmental impacts offossil fuel based power generation has led to 

increasedresearch with the aim of reducing emissions andimproving combustion efficiency. Much 

of this work is drivenby the increasing interest into alternative fuels such asbiodiesel. The use of 

biodiesel is rapidly expandingaround the world, making it imperative to fully understand theimpacts 

of biodiesel combustion process and pollutantformation. Biodiesel fuel is defined as mono alkyl 

esters oflong-chain fatty acids derived from renewable lipid feedstocks, such as vegetable oils or 

animal fats, for use in diesel engines and liquid burners[1].  

The strategies to reduce these emissions are generally direct contrary, thus these are in a 

trade-off relationship. One of the easy, cheap and effective methods for cleaner combustion is by 

choosing the right nozzle characteristic. Based on the literature review, the important factor in direct 

injection diesel engines is the quality of the diesel spray. An improvement in the air fuel mixing 

leads to a better combustion process that results in higher performance, but also modifies pollutant 

emissions. The spray characteristics are strongly influenced by the nature of the flow inside the 

injection nozzle hole[2].Also, studies that start with different nozzle geometries and try to 

understand the whole process from nozzle flow up to the combustion and formation of pollutants 

through the air-fuel mixing and vaporization are very limited[3]. 

Several experimental studies on nozzle characteristic of biodiesel fuel on mixture 

performance and combustion characteristic have been conducted because of its advantages in 

choosing the right nozzle that suitable for fuel burner. In a burner, specific type of nozzle can give 

different geometrical and dimension. Burner nozzle geometry is at issue in spray characteristics and 

therefore atomization behaviour. Which are very important for burner performance and pollutant 

formationsuch as Nitrogen Oxide (NOx), Carbon Oxide (CO), Carbon Dioxide (CO2), and Hydro 

Carbon (HC) from the combustion processIn this experimental work, the effect of nozzle angle on 

mixture formation and combustion characteristic are investigateusing air-assisted fuel atomizing 

burner. 
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Methodology 

The study used three kinds of biodiesel fuel blends and diesel fuel as a based line. Crude palm oil 

(CPO) was used to produce the biodiesel blending varied from 5vol %( B5) - 15vol %( B15). The 

biodiesel blends was prepared usingbiodiesel blending machine. Figure 1 shows the schematic 

diagram of the experiment and the nozzle angle for the biodiesel fuel injector that being used. The 

distance between the camera and injector is 385.50 cm and the distance between injector and black 

screen is 91.5 cm. The experiment starts by injecting the fuel, water and air into the injector. The 

injector system uses fuel-air internal rapid mixing concept.The premixing injector was firstly 

designed by Y. Kidoguchi[4]. The air is pressurized at 0.35 bar. The fuel flow rate and water flow 

rate are controlled by flow meter and speed controller. Fuel-water-air is mixed at mixing chamber. 

Then, the mixtures are sprayed out from the nozzle. The mixtures will be ignited using blow torch. 

The spray and flame image is captured by using Digital Single-Lens Reflex (DSLR) camera of 

Canon EOS 550D. Figure 2 shows the spray characteristic and flame development which include 

flame length, flame angle and flame area is analysed through Solidworks.Gas analyser Testo 350 

are used to measure the chemical substances in the emission gas. 

 

 

Result and Discussion 

Effect of Nozzle Angle on Mixture Formation and Flame Development. Figure 2 shows the 

comparison of spray characteristic for the nozzle 45° and 50°. As seen in figure 1, the overall trend 

is the 50° nozzle are producing higher spray at all points of equivalent ratio compared to 45° nozzle. 

There is only a slight reduction in spray angle as the equivalent ratio is increased. But 45° nozzle 

still produced larger spray angle compared to 50° nozzle. This trend can also be observedin spray 

Spray penetration 

Spray angle 

Figure 2: (a) spray characteristic, (b) flame length, (c) flame area, (d) flame angle 

(a) (b) (c) (d) 

θ =45
0
& 50

0
 

Figure 1: Schematic diagram of biodiesel burner 
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area for both nozzles.  Whereas the spray area for 45° nozzle are larger. For the spray characteristic, 

in both nozzle B15 show the highest value in the spray area and spray penetration followed by B10, 

B5 and Diesel. When the biodiesel content is increase in the fuel blends, the viscosity of fuel also 

increase causing the nozzle flow rate to increase[5]. 

Figure 3 shows the comparison of flame characteristic for the nozzle 45° and 50°. the 

overall trend is the 45° nozzle are produced higher flame length at all point of equivalent ratio 

compared to 50° nozzle. For the flame characteristic there is a minor increment on flame angle as 

the equivalent ratio is increased. This trend can also be notice on flame area for both nozzle.  

Although flame area for 45° nozzle are larger. Opposite from the spray characteristic result, B15 

show the lowest value in term of flame area and flame length for both nozzle. This is also may 

cause by the increase of viscosity in fuel. As the nozzle flow rate to increase its delivers more fuel 

in larger droplet size and causing poor atomization. With wider flame angles and flame area show 

that nozzle 45° have better atomization and produce smaller fuel droplet size. It is sometimes 

assumed that the smallest droplet size of fuel is the most desirable to produce the quietest and most 

efficient combustion. One other reason the mixture that with higher content of the biodiesel on both 

nozzle shows that have the lowest flame length, flame area and the flame area for both nozzles 

compared to diesel since the flash point is higher for biodiesel. Because with the increase in flash 

point, the harder for the flame to ignite.  

 

 

Emission Characteristic.Figure 4shows the comparison of emission characteristic between nozzle 

45° and 50°. For both nozzle, as the equivalent ratio increase, the NOx value also increase. This is 

caused by the increase of exhaust temperature shown in the graph. B15 produced the highest NOx 

emissionand exhaust temperature followed by B10, B5 and Diesel. NOx gases are produced when 

the combustion temperature is too high. This shows that the higher the biodiesel content in the fuel 

blends, the higher the NOx emission produced[6-8]. 

As for the HC, the rate of HC emissions from biodiesel fuel is lower than the rate of HC 

emissions from diesel fuel. In the case of equivalence ratio is rising, it will cause more fuel 

introduced to the combustion process and more fuel are left unburnt causing the HC value to 

increased.For the CO emission. It shows that diesel have the highest emission and followed by B5, 

B10 and B15.In the combustion process, the addition of oxygen content in biodiesel and can cause 
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Figure 3: Flame characteristic of biodiesel and 

two different nozzle angle. 

100

200

300

400

5

10

15

20

25

30

0.6 0.8 1.0 1.2 1.4

1300

2600

3900

5200

6500

0.6 0.8 1.0 1.2 1.4

S
p

ra
y

 P
en

et
ra

ti
o

n
 (

m
m

)

 Diesel

 B5

 B10

 B15

θ=450 θ=500

 

S
p

ra
y

 A
n

g
le

 (
°)

 

S
p

ra
y

 A
re

a 
(m

m
2
)

Equivalent Ratio Equivalent Ratio

Figure 2: Spray characteristic of biodiesel and 

two different nozzle angle. 

Applied Mechanics and Materials Vols. 773-774 587



 

 

complete combustion to reduce CO emissions. The higher the biodiesel content in the fuel blends, 

the lower the CO emission become. 

 

 
 

By comparing emission on both results, nozzle 45
0
 show a strong reduction in CO and HC. This 

shows that nozzle 45
0
produces more complete combustion compare to nozzle 50

0
. Corresponding to 

the on mixture formation and flame development before, with wider spray angle and spray 

areashows that nozzle 45° have better atomization and produce smaller fuel droplet size. The 

smallest droplet size of fuel is the most desirable to produce the quietest and most efficient 

combustion. But at a certain condition, a long flame or spray angle too wide for the burner air 

pattern is not suitable, because it may lick the heating surface of the burner and cause sooty 

combustion or carbon build up in the combustion chamber[3]. So we must choose a proper choice 

of spray angle.  

Conclusion 

An experimental investigation on the effect of nozzle angleofcombustion characteristic in biodiesel 

burner had been carried out. The following result areobtained by this study. 

1. High biodiesel content in fuel blends can produce high spray penetration and spay area, but due 

to the increase of viscosity of fuel. But it has the exact opposite effect on flame development. 

Higher biodiesel content also produces high exhaust temperature and Box emission, but low CO 

emission. 

2. Nozzle 45
0
produces lower spray penetration, but higher spray angle and spray area compare to 

nozzle 50
0
.The result is similar to flame development. 

3.  The CO and HC emission had a strong reduction by using nozzle with 45
0
angle compare to 

50
0
angles. This cause better atomization and produce smaller fuel droplet size, thus it promotes 

more complete combustion process that reduce the emission gases. 
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Figure 4: Emission characteristic of biodiesel burner,(a) θ = 45
0
, (b) θ = 50

0
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