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ABSTRACT: This paper explores the effect of including a perforated disk at the air inflow as a method to improve the
turbulence, the mixing and the combustion phenomena. This paper uses the geometry of a conventionally used simple
burner. The analysis is performed with the help of Fluent 6, ANSYS CFX. As turbulence models, Reynolds Averaged
Navier-Stokes equations (RANS) are used. The combustion processes are modelled with the help of Eddy-dissipation
model. The paper presents four case studies. Out of these, the two main studies were based on two meshes (course and
fine, respectively). In both the case studies the effect of including perforation at the air inlet was studied. The results for
both the studies were evaluated by observing three different parameters: turbulence, thermal performance, and
emissions. The results show that the inclusion of a perforation at the inflow of air does not increase the turbulence
intensity much compared to the case in which it is not included. It is also concluded that the addition of perforation
results affects the mixing procedure. Moreover, it is found relatively lower temperature is predicted in the case that
perforation is added than in the case that it is not. Lastly, the simulation results show that coarse meshes predict slightly
relatively higher temperatures and emissions compared to fine meshes.

KEYWORDS: air inflow, combustion, burner, computational fluid dynamics

I. INTRODUCTION

Combustion is an important process and has many applications in both the industry and in daily life. It happens as a
result of a chemical reaction between fuel and oxygen (O,).The products of this chemical reaction are carbon dioxide
(CO,, water (H,O) and heat energy. Typically, there are two common types of combustion processes: complete
combustion and incomplete combustion. In complete combustion, all of the combustible parts of a fuel are burned
completely, and, as a result, CO,, O, and water vapours are produced. Contrary to this, in an incomplete combustion
process, all the combustible parts of the fuel are not burned completely and, typically, as a result, apart from CO,, O,,
and water vapours, unburned particles such as hydroxide ion (OH-), carbon monoxide (CO) and di-hydrogen (H,)
might also be produced. Combustion chambers come in different types e.g., Spherical-head, T-head, I-head, F-head and
L-head combustion chambers [1]. A good combustion chamber requires high output power, low output pollutants, low
specific fuel consumption (SFC), and high thermal efficiency [2].
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In this paper, the combustion phenomenon, in simple burner geometry, is explored. Moreover, the outputs of the
combustion of propane in two different scenarios are alsostudied. ANSYS software is used in this study. Two models
are used. In this first one no air filter is included while in the second one, an air filter is used at the air inlet. The results
of both the models are compared. Finally the results of both the models are presented and analysed.

The rest of this paper is organized in the following four sections. In Section Il, relevant literature is reviewed. In
Section |11, the methodology used in this paper is presented. In Section 1V, the results are presented and discussed.
Finally, in Section V, conclusions are presented.

Il. RELATED WORK

The design of the combustion chamber, especially its geometry, plays an important role in determining its efficiency.
For example, the use of narrow and deep chambers can help reduce the amount of nitrogen oxides [3].

Liu et al. [4] study the optimization of the combustion process carried out in burners and furnaces. This study
concludes that when pressure is increased, the diameter of the flame decreases while the height of the flame remains
constant. Bufferand et al. [5] used sampling methods to study the flame structure of methane counter flow diffusion
and observed the oxidation behaviour of jet fuel.

Choi et al. [6] study the combustion in a swirl chamber of a diesel engine. The main idea of this work was to study the
effect of the chamber’s shape on the combustion process. Mainly, the passage area of the jet, and its angle and shape
were studied. The analysis of the combustion was performed with the help of computational fluid dynamics (CFD). It
was found that the combustion speed depended on the area and angle of the passage. Large area and angle of the
passage resulted in faster combustion. It was also found that using smaller areas of passage resulted in the formation
of nitrogen oxides.

The piston head is an important part of the combustion chamber. It plays an important role in deciding the attributes
of the combustion process. Johnson and Olson [7] explored different piston head designs to studyhow each of them
affected the combustion process. The piston head designs which were used included, among others, square, cylinder,
cross, and cone etc. It was found that the design of piston head affected the flow of combustion in medium sized
engines. Square and cylindrical shaped piston heads were particularly associated with higher turbulence peak levels.
Gouws[8] explored the distribution, temperature, and pressure losses of a combustion flow and found that these
quantities can be efficiently predicted with the help of a 1-D empirical code. Moreover, it was found that discharge
coefficient affects pressure losses. Apart from this, it was found that using aswirler improves efficiency and reduces
emissions, particularly, those of CO, and soot.

I1l. METHODOLOGY

In this section, the methodology which was used to carry out this research is presented. This study uses ANSYS
FLUENT software. The elements of ANSYS Fluent software are shown in Fig. 1. As shown in the figure, the three
main packages of ANSYS include: Workbench (CAD), ICEM CFO, and Fluent. In this study, FLUENT package was
used.
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Figure 1 — The ANSYS Fluent Software

One of the main challenges in this work was to findthe optimal coordinate transformation which efficiently transforms
a given physical domain into a desired computational domain. Hence, to make the solution more accurate, the grids
were refined in these regions [9]. The obtained computational domain for this study is shown in the Fig. 2 [10]. From
the figure, it is clear that the chamber is 2000 mm deep and has a diameter of 115 mm.

115mm

(Zmm] Fuc
Air

Figure 2:The computational domain of the study [22].

The boundary conditions used in this paper include the no-slip condition which indicates that the exterior walls of the
cylindersare still. Another type of boundary conditions used in this paper are the inlet boundary conditions. These
mainly include velocity and temperature values. The velocity values are in the range 0.86 — 1 m/s for the inlet air. On
the other hand, the velocity values for inlet fuel are taken as 36 m/s. Finally, the temperature values for both the inlets

were used as 300 K. These boundary conditions are summarized in Table 1.
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Air Fuel
Scenario Velocity Turbulence Hydraulic Velocity Turbulence Hydraulic
Magnitude Intensity Diameter Magnitude Intensity Diameter
(m/s) (%) (m) (m/s) (%) (m)
Low-Mesh 0.86 10.0 1.0 35.0 1.0 0.1
Non-
Hig Perforated 0.85 1.0 0.1 36.0 1.0 0.1
h-
Mesh | perforated 0.85 1.0 0.1 36.0 1.0 0.14

Next, the models used in this paper, are presented. The geometry of the models is shown in Fig. 3.

(2§ o )

Air Lo

Air 4§

Figure 3: The geometry and dimensions of the models.

The ANSYS Workbench design modular was used for modelling. The two models are shown in Fig. 4 and Fig. 5.
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Figure 5: The model with air filter

Next, the mesh of the two models was set. This was done by first finding the type of the mesh and then applying it to
the model. In this study, two different types of meshes were observed. These are fine meshes and coarse meshes.
Examples of a coarse mesh with and without the filter are shown in Fig. 6 andFig. 7while those of a fine mesh with

and without filter are shown in Fig. 8 and Fig. 9 respectively.

o

Aug 17,2014
ANSYS FLUENT 14.0 (3d, d, phins, spe, skw)

Figure 6: The coarse mesh model without air filter

Mesh

&

Aug17, 2014
ANGYS FLUENT 14.0 (3d, dp, phns, spe, ske)

Figure 7: The coarse mesh model with air filter

Mesh
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s

Figure 8: The fine mesh model without air filter

1o
ﬂ‘.(

Figure 9: The fine mesh modelwith air filter

IV.EXPERIMENTAL RESULTS AND DISCUSSION
In this section, the experimental results are shown and are discussed in detail. The results for turbulence, velocity,
temperature, and mole fraction are particularly discussed.

A. EXPERIMENTAL SETUP
In total, four simulations were carried out. These are: with perforation and with fine meshes, with perforation and with
coarse meshes, without perforation and with fine meshes, and without perforation and with coarse meshes. These

setups are also summarized in Table 2.

Table 2: Specifications of meshes used in simulations
Coarse mesh Fine mesh

Ceks (tetrahedral) (tetrahedral)
Without 300,000 235,0000
perforation
With perforation 232,000 1,100,000

The results for the case of fine mesh with perforation are shown in Fig. 10. These results clearly show that in this case,
convergence is achieved in 1045 iterations.
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Figure 10: Convergence for the case of fine mesh with perforation.

B. DISCUSSION OF RESULTS
The results obtained during the simulations are presented and discussed in detail below.

IV.B.1 TURBULENCE INTENSITY

The turbulent intensity distributions in the y (vertical) direction are shown in Fig. 11 and Fig. 12. These results are
shown for different horizontal positions (x = 0.1m — 0.9m) for both the case of with perforation and for that of without
perforation. The results show that in the case of with perforation, turbulent intensity is low but the distribution is
wider than in the case of without perforation. From this, it can be concluded that in the case of without perforation,
the flame spreading rate is higher than in the case of with perforation. Lower flame spreading rate means lower
turbulence. Similarly, higher flame spreading rate means higher turbulence.
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Figure 11: Turbulent Intensity (in case of without perforation)
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Figure 12: Turbulent Intensity (in case of with perforation)

1V.B. 2.FINE MESH VERSUS COARSE MESH

The temperature distributions for all the four cases are shown in Fig. 13.The results show that in the case of fine mesh,
the flames have narrower distribution than in the case of coarse mesh. Similarly, in the case of fine mesh, the flame
temperatures are lower than in the case of coarse mesh. Moreover, in the case of with perforation, the temperatures
are higher and have wider distribution than in the case of without perforation.
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(a) no perforation coarse mesh

x

(d) perforation fine mesh

Figure 13: Distribution of temperature for all the four cases.

The distributions of velocity for all the four cases are shown in Fig. 14. The results show that in the case of with
perforation, velocity is higher and has narrower distribution for coarse mesh than for fine mesh.
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Figure 14: The distribution of velocity for the four cases.
Fig. 15 shows the C3Hg mole fraction distributions for all the cases. The results show that in the case of fine mesh, the

distribution is wider than in the case of coarse mesh. Similarly, in the case of with perforation, the distribution is
smoother than it is for the without perforation case.
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(a) C,H, no perforation coarse mesh
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(d) C,H, perforation fine mesh

Figure 15: Mole fraction distributions of CsHg for the four cases.

The mole fraction distributions of CO,for the four cases are shown in Fig. 16. The results show that in the case of
with perforation, the distribution is narrower than in the case of without perforation.

(a) CO, no perforation coarse mesh

S
re———————

” g 05

0os L
o

(b) CO, no perforation fine mesh

[ ) -

molef-ca2: 0.01 0.02 003 0.04 0.05 0.05 007 008 003 01
0os o
005 : - —
T 0 o x oe e

(¢) CO, perforation coarse mesh

(d) CO, perforation fine mesh

Figure 16: Mole fraction distributions of CO,for the four cases.
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The mole fraction distributions of water vapour (H,0) are shown in Fig. 17for all the cases. The results show that in
the case of with perforation, the distribution is wider. This is true for both the radial and longitudinal directions.
Similarly, in the case of fine mesh, the distributions are smoother. Moreover, in the case of fine mesh, the
distributions have smaller extent than in the case of coarse mesh.

(a) H,O no perforation coarse mesh

e—

—

(b) H,O no perforation fine mesh

(©) H,O perforation coarse mesh

(d) H,O perforation fine mesh

Figure 17: Mole fraction distributions of H,O for the four cases.

The soot distributions for all the four cases are shown in Fig. 18. The results show that the soot does not begin to
propagate and accumulate instantly rather it takes some time. Moreover, in the case of with perforation, the magnitude
and distribution of the soot is larger. Similarly, in the case of fine mesh, the distributions are smoother and have lower
values.

(a) no perforation coarse mesh

(b) no perforation fine mesh

(@) perforation fine mesh

T e [ [
raction 000001 002003003004 005006006007 008 009 010

Figure 18: Soot distribution for the four cases.
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1V.B.3. QUANTITATIVE COMPARISONS

The temperature profiles for all the four cases are shown in Fig. 19.The results are shown for the case of vertical
radial direction. Four different horizontal locations have been used. These include x = 0.1m, x = 0.2m, x = 0.3m, and
x = 0.4m. The results show that the temperature values peak at positions near the fuel inlet. The results also show that
the temperature of the flame is spread in the radial direction. Moreover, in case of perforation and coarse mesh,
temperature is the highest while in case of perforation and fine mesh, the temperature is the lowest.
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Figure 19: The temperature profiles for the four cases.

Next, the mole fractions of propane (CsHsg) corresponding to all the four cases are shown in Fig. 20. The results are
shown for the vertical radial direction. The horizontal locations considered are the same as before. The results are

shown for the fine mesh case. As before, the highest values are found at the fuel inlet stream. Similarly, in case of
with perforation, the values are higher.
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Figure 20: Mole fraction of propane (CsHsg) for the four cases.

The mole fractions of CO,for the four cases are shown in Fig. 21.The results are shown for the case of vertical radial
direction. Again, for the horizontal locations, the same positions are considered as before. For mesh type, fine mesh
was considered. The results show that the distribution spreads in the radial direction. The results also show that in the
case of with perforation, the profiles have lower values and have narrower width than in the case of without

perforation.
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Figure 21: Mole fractions of CO,for the four cases.
The water vapour profiles for the four cases are shown in Fig. 22. The results show that, as before, maximum values

are associated with positions near the fuel inlet. Similarly, in case of without perforation, the values are higher and the
spread is wider compared to the case of with perforation. The values get lower along the radial direction.
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Figure 22: Water vapour (H,0) profiles for the four cases.

V. CONCLUSIONS

DOI:10.15680/IJIRSET.2017.0601078

In this paper, the impact of includingan air filter within a combustor model was investigated. ANSY'S Fluent was used
to carry out the simulations. From the results, it can be concluded that including an air filter does not have a
significant impact on important parameters. The results also showed that in the case of with perforation,the
distributions had wider longitudinal extents for all the observed parameters. Similarly, when the cases of fine and
coarse mesh were analysed, it was found that the distributions are smoother and narrower in the case of fine mesh
than in the case of coarse mesh. The results for temperature profiles and mole fractions reveal that in the case of with
perforation, narrower distributions were obtained than in the case of without perforation.
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