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Abstract: In this study, a new developed flame holder which is designed as a double cone with three holes at the top
cone to spout the fuel to the combustion zone has been investigated experimentally. The air and fuel have been
supplied to the combustion area through a triple coaxial pipe.The inner pipe of the coaxial pipe delivers fuel, while
the middle and outside pipes deliver primary and secondary air to the combustion zone, respectively. A conversion
diversion channel is constructed on the primary air output to optimize air and fuel mixing by increasing turbulence
in the primary air. The experiment was carried out in still air under atmospheric circumstances, using the diffusion
flame concept. The results showed that mixing secondary and primary air in the combustion zone had an effect on
flame temperatures, flame length, flame width, and emissions.
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1.

INTRODUCTION

Combustion is an essential source of energy in
our everyday lives, and it may be employed for
a variety of purposes in modern human life [1].
Combustion is a chemical reaction that occurs
when a fuel is oxidized, resulting in the release
of a huge amount of energy [2].

Diffusion flame is an essential flame mode
because it is more relevant and connected to
industry and household life than premixed
flame mode. Diffusion flames are types of
flames in which the oxidizer and fuel react
directly in the combustion zone[3].Flame jets
are widely employed in industry because they
provide considerable benefits in terms of energy
savings, response time, and convective heat
transfer[4]. The jet geometry is a valuable tool
for improving the combustion performance of
the flame jet[5][6].
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M. Henriksen et al. examined the effect of
nozzle geometry on the length of a hydrogen jet
flame. The results showed changing the nozzle
shape enhanced the length of the jet flame[7].
According to Changchun Liu et al., the shape of
the flame holder influences flame stability,
flame height, and flame lift off distance
[8].Toshio Mogi and Sadashige
Horiguchistudied a hydrogen jet diffusion flame
and a circular nozzle with different diameters
were used. The results show that the aspect
ratio has an impact on the flame size [9].

Because flame stability is important for the
flame jet in industries, several researches have
been done to examine flame stability, length,
and lift off distance of the flame jet
[10][11][12][13].Stephen R. Turns stated that
the closer the flame is to the flame nozzle, the
more stable the flame will be, but the
overheating of the burner is unavoidable
[14].Halleh Mortazavi et al. investigated the
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addition of carbon dioxide to methane in
diffusion flame combustion. The results
revealed that when the carbon dioxide level
increased, the flame temperature and soot
generation dropped, while the flame duration
increased (Halleh Mortazavi, Yiran Wang,
Zhen Ma, Yang Zhang, 2018).

2. Experimental setup

The experimental setup was made up of a
burner, which consists of a triple coaxial pipe
that used to convey fuel and air to the
combustion area. The inner pipe diameter was 3
mm and the thickness was 1.5 mm, and it was
utilized to transfer fuel to the combustion zone.

The middle pipe was made of steel with an
inner diameter of 30 mm and a thickness of 3
mm, and it was used to transport primary air to
the combustion zone. The outer pipe, made of
Pyrex glass with an inner diameter of 52 mm
and a thickness of 3 mm, was employed to carry
secondary air to the combustion zone. A
conversion diversion path, as shown in Figure
1, was installed at the top of middle pipe to
enhance air turbulence in the combustion area.
The new design of flame holder, as shown in
Figure 2, is located inside the conversion
diversion channel and has a double cone form
with an outside diameter of 21 mm and three
circular fuel ports.
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Figure 1 The burner parts construction (a)Burner parts,

(b) conversion diversion path (dimensions in mm).
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Figure 2 The bluff-body construction (a) flame holder design (dimensions in mm),
(b)flame holder photo.
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In this experimental investigation, natural gas
was used as the fuel and the amount of fuel Q,
was set to a fixed value throughout the

experiment Qf = 2.398 x 107°m?/s.The
volumetric composition and properties of
natural gas is shown in table 1.

Table 1: the volumetric composition of Natural gas.

Component Formula Volume %
Methane CH, 84.9-94.82
Ethane C,Hg 3.12-71
Propane CsHg 1.09-2.6
Iso-Butane C,Hy, 0.04-0.5
Composition n-Butane C,Hy, 0.02 -0.65
Iso-Pentane CsHy, 0.01-0.2
n-Pentane CsHy, 0.02-0.14
Hexane’s plus Ce¢Hyy 0.04-0.11
Nitrogen N, 0.11-0.3
Carbon dioxide CO, 0.7-35
Calorific Value 42852 kJ/kg
. Density 0.754 kg/m3
Properties Correct (A/F) 17.2
Molecular weight 18.87

Thermocouples S-Type (Platinum — Platinum
Radium 10 %)were used to measure the flame
temperatures in the combustion area and the
positions of the thermocouples are shown in
Figure 3.The positions of thermocouples of
each run contain five levels to measure the
temperatures of the flames. The difference in
height between each level is 15 mm and each
level has three horizontal measuring points with
a 10 mm difference between them.

The flames were captured on video and
converted to photographs using computer
software, which were then used by MATLAB
and AutoCAD to determine the flames' length
and width. The MATLAB is used for photo
processing to determine the edges of each photo
and AutoCAD is used to determine the length
and width of the flame. The concentrations of
CO (ppm) andNO, (ppm) were determined
using an exhaust analyzer (optima 7) as shown
in Figure 4.
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Figure 3 thermocouples measuring positions

Figure 4 exhaust gas analyzer optima 7
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3.Results and discussion

The flame holder is located at the top of the
burner, and the impact of changing air velocity
on combustion performance was studied by
keeping primary air velocity (V,) constant while
changing the secondary air velocity(V;).

3.1Flame temperatures
Figure 5 show the distribution of flame
temperatures for primary air velocity (V,) =

1455 m/s, with different secondary air
velocities (V;). The results showed that the
highest temperature was 314.1 °C at T,; and
274.7 °CT,;, when the secondary air velocity
Vywas 6.95 m/s. Also, when the secondary air
velocity V, was 0, the resulted temperatures
were 2055 °C at T,; and 306.7 °C atT,, ,
indicating that the presence of secondary air had
an effect on the flame temperatures.
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Fig 5: the effect of changing the secondary air velocity on temperature profile at fixed primary air velocity
(V, =14.55 m/s).

The primary air velocity was increased to 16.5
m/s and maintained at that value, while
different secondary air velocities were supplied
to the combustion zone. Figure 6 show the
distribution of flame temperature at primary air
velocity (V,) 16.5 m/s, with different
secondary air velocity (V;). The results show
that when secondary air velocity was 0, the
flame temperature at T, ; reached 269.3 °C and
T, reached 400.9 °C, but when the secondary

air velocity increased to 6.17 m/s, the flame
temperature at T, , increased to 300.4 °C and
T,; reduced to 294.3°C. Also, when the
secondary air velocity increased to 6.6 m/s, the
flame temperature at T, ; increased to 406.5 °C
and T,; reduced to 227.8°C and when the
secondary air velocity increased to 9.22 m/s, the
flame temperature at T, ; was 405 °C and T, ,
increased to 406.8°C.
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Fig 6: the effect of changing the secondary air velocity on temperature profile

at fixed primary air velocity (V, =16.5 m/s).

The primary air velocity was increased to 17.94
m/s and maintained at that value, while the
combustion zone was supplied with various
secondary air velocities. Figure 7 shows that the
flame temperature distribution at primary air
velocity (V) 17.94 mfs, with different
secondary air velocity (V;). The results show
that when secondary air velocity was 6.19 m/s,
the flame temperature at T, ; reached 308.3 °C
and T,; reached 339 °C, and when the

secondary air velocity increased to 6.92 m/s, the
flame temperature at T, ; was 302.9 °C and T, ,
reduced to 277.5 °C. Also, when the secondary
air velocity increased to 7.27 m/s, the flame
temperature at T, decreased to 262.9 °C and
T,, increased to 305.7 °C and when the
secondary air velocity increased to 8.35 m/s, the
flame temperature at T, ; was 318.5 °C and T, ;
increased to 296.2 °C.
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Fig 7: the effect of changing the secondary air velocity on temperature profile
at fixed primary air velocity (V, =17.94 m/s).
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3.2Lift off distance

There was no noticeable lift off distance
between the flames and the burner, and the
flame base was adherent to the burner. The
flame stability is affected by the Ilift off
distance, and when the flame was so close to
the burner, the flame became more stable, but
the burner got hot, which accords with
Turns[14].

3.3Flame length and width
The flame length varies according to the air
velocity provided by primary and secondary air

pipes since the fuel flow rate remains constant
throughout the experiment. The photo
processing with MATLAB is summarized in
Tables 2, 3and4.Figure 8-a shows that the flame
length was affected by supplying secondary air
with various velocities to the combustion zone
and the maximum flame length is 7.82 cm at
V;= 0 and V,= 16.5 m/s.Figure 8-b shows that
the flame width was affected by adding
secondary air with various velocities to the
combustion zone and the maximum flame width
is 3.01cm at V;= 18.03 m/s and V,= 17.94 m/s.
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Fig 8: (a) flame length and (b) flame width at constant primary air velocity (V)

and various secondary air velocities (V).

Table 2: image processing summary at V,= 14.55 m/s.
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Table 3: image processing summary at V,= 16.5 m/s.

L'a
¥ - ¢

V, (m/s)  0.00 6.17

6.60

Table 4: image processing summary at V,= 17.94 m/s.

V, (ms) 6.19 6.9

8.35

10.44

3.4Emissions
Figure 9 shows CO and NO, concentrations at
constant primary air velocity (V,) with various
secondary air velocities (V;). It shows that the
maximum concentration of CO is 1211 ppm at

V,= 6.6 m/s and V,= 16.5 m/s and the minimum
concentration of CO is 584 ppm at V,= 10.18
m/s and V,= 14.55 m/s.NO, emissions did not
exceed 3 ppm throughout the experiment.
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Fig 9: (a) CO and (b) NO, concentrations at constant primary air velocity (V)

with various secondary air velocities (V;).
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4.Conclusion

[1]

[2]

(3]

[4]

[5]

[6]

e The flame structure, flame length, and
flame width are all affected by the air
speed entering the combustion zone.

e The developed flame holder resulted in
eliminating the flame lift off distance
which improve the flame stability, but the
flame holder became overheated.

e  Supplying secondary air affected the flame
temperature at the measuring points.

e The highest temperatures were at
velocities of (V; =9.22 m/s, V, =16.5 m/s)
and at (V,= 6.6m/s, V, = 16.5 m/s).

e When the primary air velocity was
constantV, =14.55 m/s and the secondary
air velocity varied, flame heights
decreased and flame width increased with
the increase of secondary air velocity.

e NO,concentrations were low and did not
exceed 3 ppm.

e CO concentrations varied with
variation of secondary air velocity.

the
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