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The demand for efficient and eco-friendly domestic burner is a never-ending challenge.
Enhancing combustion efficiency is achievable goal by ensuring better values for thermal
efficiency and emissions. In this experimental research work, the performance of
combustion in a developed domestic burner with Gypsum perforated plate in combustion
chamber was investigated. Key parameters such as flame stability, maximum flame
temperature, emission gases, and thermal efficiency with respect to Equivalent Ratio (ER)
were reported.ER with is based on LPG and Air ranges from 0.75-1.4. In addition, the
effect of number of Gypsum perforated plate in combustion chamber were altered. The
results show that using two layers of perforated plates is beneficial. With only one layer of
perforated plates enhancement in thermal efficiency at considered ER moved from 8% to
16%. Next, with two layers the value improved from 30% to 52% (if compared with no
perforation combustion chamber). The computed percentage increase rise in values of
developed burner was considerably high when compared with recently developed burner
under this category. With emission analysis, a strong reduction in carbon monoxide
emissions was observed, with marginal increase in NOx levels due to the higher flame
temperature. Furthermore, Multi-Objective Optimization process was carried out using

Pareto optimal front (POF) using two perforated layers at optimal cases.

1. INTRODUCTION

Fossil fuel is the primary source of energy from decades and
still the best choice for human needs in one way or the other.
The uncontrolled continuous consumption of fossil fuel
energy is going to yield massive adverse effects on greenhouse
gas emissions. Hence, renewable energy exploitation is not the
only way to avoid this problem, but also, energy saving,
increasing energy efficiency, and reducing the factor of safety
in many applications can strongly affect fossil fuel depletion
and emissions [1]. On this basis, the small-scale domestic
application can achieve huge progress in energy saving for its
wide usage.

The domestic stove is a widely used device globally. Almost
no house is free of a stove. The domestic stove is a device that
burns fuel to produce thermal energy in a form of flame that
heats a vessel. Due to the wide and continuous usage of fuel
by the domestic stove, researchers focused on improving the
device from many different perspectives. Janvekar et al. [2]
reported the highest thermal efficiency and least emissions of
surface and submerged flame of a microburner by varying
thicknesses of pre heat layer. The experiment revealed that the
highest thermal efficiency occurs at thickness of 10 mm,
however, the three considered thicknesses of 5, 10, and 15 mm
achieved low emissions of NOx and CO. Boggavarapu et al.
[3] studied the thermal efficiency of a domestic burner uses
liquefied petroleum gas (LPG), and piped natural gas (PNG)
using experimental and numerical methods. The showed and
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reported simulation data of CFD by focusing on efficiency of
the burner. With the experiment information increase in the
thermal efficiency came to 2.5% by adapting LPG and 10%
with NPG. Kuntikana and Prabhu [4] took thermal behaviour
of the heat flux, Nusselt number, and distribution of multi-port
burners with two different configurations: inline configuration,
and staggered configuration. The results revealed the
superiority of the inline configuration in the thermal efficiency.
However, the superiority of the staggered configuration lies in
uniformity of the surface heat flux.

The efficiency of LPG domestic stove and the emission
performance can be varied with many ways such as
surrounding conditions [5], fuel type and additions [6, 7] and
the design of burner [8]. Many researchers conducted
premixing and preheating methods in order to enhance thermal
efficiency. One of the popular methods is using a porous
medium as premix [9]. Mujeebu et al. [10] conducted an
experiment to improve an economic premixed LPG burner
using a porous medium. The experiment concentrated on the
flame stability and the maximum temperature could be
reached, the temperature distribution over the combustor, and
emissions percentage. Also, these readings were compared to
the conventional burners. The presented result showed 80%
savings in fuel combustion, and reduction by 75% of gas
emissions. Sobhani et al. [11] attempt aimed to ensure the
viability of a porous media burner for applications at high
pressure using pre-vaporized liquid fuel. The attempt was
made with preheated high pressure lean fuel at specific ER.
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The flame stability was reported along the various temperature
profile. The pressure drop emissions of COx, and NOx were
also reported. In addition, a numerical simulation of one-
dimension was done to enhance the experiment results of the
pressure and mixture effects on the flame stability. Yuan et al.
[6] made an attempt to enhance a porous medium cell called
(PMTEC). The authors initially elaborated the operation
method of the PMTEC, and then expanded it to investigation
by rendition of the combustion on three heavy crude oil, two
medium crude oil, and two light crude oil. The results revealed
strong combustion at low temperature with high temperature
and releasing CO, and CO, gases.

Dehaj and Solghar [12] conducted an experiment of a
porous burner combustion, then investigated the result
numerically using wide range of operating conditions. The
values of temperature, pressure drop, and efficiency was found
out with experimental set up. In addition, to the effect of the
excess air and its effect on the thermal loads. Also, the
numerical model was used to find out the inlet flow
specifications. The results of the numerical work of the
temperature, gas emissions of NOx, and COx, and the
combustor centreline was validated and compared to the
experimental results, and found under acceptable range. Li et
al. [13] conducted an attempt support by numerical study to
investigate the standing-wave combustion gap. The numerical
simulation conducted on a planar micro-burner filled partially
with porous media was aimed to understand the heat transfer
and its effect on the critical conditions whereas the flame break
down the upper and lower limitations of the porous media. The
results showed that no evidence of preheating or heat loss
could be sufficient to determine the flame limitations. Later,
another parametric study was carried out in order to analyse
the effect of the porosity and thermal conductivity. Obaid et al.
[14] made investigation on burner diameters with respect to
flame spreading. They used experiment methods by using
combination of methane and air with ER ranging from 0.46-
1.57. The results showed a great effect of geometry of the
burner edges and the velocity of mixture on the quenching
distance.

A numerical model with porous medium in combustion
zone in case of burners and its applications have been studied
extensively [15, 16]. Researchers presented a series of
simulation models of heat transfer by considering porous
media combustion. The process basically flows to investigated
the inlet velocity, and the flame stability. In addition to the
effect of the length and inner diameter of the porous wall on
each of; the temperature distribution over the combustor, the
limits of the flame stability, and the percentage of fuel
conversion were also given importance [17]. Ni et al. [18]
conducted a 3-D model of a porous micro-combustor with T-
shaped and a ring-shaped rib. They made premixed H»/air. The
work initially used literature data to validate the model, then
reported the effects of each of the ribs shape. The inlet flow
rate, the porosity, the size, and the location of the porous
combustor were few key parameters considered. The results
revealed that reduction in the temperature compared to the
conventional combustor at specific velocity. On the other hand,
the temperature distribution was affected by the size and the
axial location of the combustor. As an overall, the proposed
model could achieve higher energy conversion efficiency and
more uniform temperature distribution on the outer wall.
Lamioni et al. [19] conducted a numerical study to address the
effect of hole density and pattern of perforated plate on flame
structure in boiler burners. They showcased the mixture
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residence time and the flow recirculation, which was modified
related to the geometry of perforated layer.

Vasquez et al. [20] solved a two-dimensional model using
mathematical equations of CH4 combustion through a porous
media. Result revealed typical behaviour of water in both
considered cases of: stagnant and flowing. Also, the work
proved the effectiveness of the porous media for water heating
process for industrial applications. However, it is worth to
mention the incomplete combustion to sintering phenomena.
Wang et al. [21] built a 3-D numerical model in order to study
the heat recirculation effects within a porous media on flame
stability limits at channel heights of 2.0 mm, 2.5 mm, and 3.0
mm. The results indicate the stable flame presence with
channel height 2 mm. However, the combustion limits almost
unchanged due to the enhancement of the heat re circulation
on the porous medium. A lot of research has been conducted
in the last two decades across combustion with stove and many
interesting observations are reported. The aim with presented
work was to showcase the increase in the stability of the flame.
In addition, better way of combustion, and enhance thermal
efficiency by utilizing a porous media as a premixed and
preheated fuel-air mixture in a burner [22-24]. Ali et al. [25]
simulated a combustion in a low swirl domestic burner with
lean premixed methane/air gas mixture.

Perforated plates are used in order to have uniform
distribution of well-mixed air/fuel mixture and improve
combustion efficiency with flame stabilization [26]. Rashwan
et al. [27] investigated the effect of partial premixing and oxy-
combustion on flame stability using perforated plate
combustion chamber. Veetil et al. [28] performed a numerical
study of the effect of structure of perforated premixed
combustion of flame efficiency. Gamal et al. [29] focused in
their experimental study on the effect of hole diameter and
plate thickness of perforated plate on enhancing the
combustion of LPG burner. Almyali and Dulaimi [30]
examined the behaviour of LPG combustion using tubes. A
data from numerical and experimental work was under
acceptable limits.

Although, jet stabilization and perforated plate burners are
widely showcased in various combustion applications, it
remains an interesting topic for research and development of
burner. There are many factors that directly influence the
performance, some of them are hole diameter, layer thickness,
thermophysical properties of the used materials and the
combustion environment [29, 31]. Recently, Erdiwansyah et
al. [32] utilized perforated plates in Fluidized-Bed Combustor
to study the combustion temperature of biomass fuel. Pers et
al. [33] looked up on flashback and dynamics of laminar
combustion using perforated cylindrical burner. They used
multiple perforated plate as a premixed layer of hydrogen -
fuel mixture. Lamioni et al. [19] investigated the effect of
geometry and configuration of perforated plate on flame
distributions and arrangement in domestic boilers. Their
simulation study revealed a great influence of inlet velocity
with perforated plate patterns and configurations.

As shown in previous literature, most studies investigate the
effect of the presence of porous media as a method of
preheated and premixed on improving the combustion process.
Despite its diverse uses, few studies pay marginal attention to
the role of existence the perforated layer on enhancement the
burner combustion. So, this study aims to build up a burner
which can use Liquid Petroleum Gas (LPG) fuel which is very
similar to the domestic stove. The work was directed towards
in understanding the effect of layers of Gypsum perforated



plate across combustion chamber. The intension was to report
performance, thermal efficiency, flame temperature and
stability, and gas emissions at different fuel to air ratio. In
addition, Multi-Objective Optimization process was adopted
to make work more relatable from the angle of optimization.
This analysis was performed on burner with one, two and
without perforated plate.

2. METHODOLOGY AND EXPERIMENTAL SETUP

The experimental setup was developed to get detailed
information about thermal performance of perforated LPG
perforated burner. In order to achieve exact estimation of the
thermal performance of the proposed stove, it was necessary
to measure each parameter carefully. Key parameters include
temperatures measurement from the flame generated, amount
of emissions produced across all the ER, and finally thermal
efficiency from the combustion.

The schematic diagram of methodology was as shown in
Figure 1. The burner was designed and prepared to operate
with and without perforated plate. The experimental rig was
tested to make sure there was no leakage of flue mixture. The
required air and fuel flowrates calculated and set using
pressure regulator. Temperature sensor were used to get
information about flame temperature. Finally, a combative
study was reported between perforated (one layer and two
layers) and unperforated burner.

Combustion
chamber

y

Without
perforated plate

One layer of
perforated plate

Two layers of
perforated plate

Recording results ;
Temperatures ,
emissions ,amd thermal
efficiency

Figure 1. Flow chart of the experimental methodology

The main parameter of the combustion performance is
Equivalent Ratio (ER). Equivalent ratio can be described as
the ratio of stoichiometric air/fuel (theoretical value of A/F
ratio for complete combustion) and the actual air/fuel ratio Eq.

(1) [34].

_ A/FStoichiometric

ER = (1)
A/FActual
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In this experimental study, various ERs were selected to
analyze the thermal performance of perforated domestic LPG
burner. The values were selected to cover the lean, moderate,
rich combustions modes.

2.1 Employed procedure and data measurement

The experimental setup was prepared to achieve the
research objectives. The main set of experimental set up
shown in schematic diagrams in Figure 2 and Figure 3 contains
LPG cylinder and air pump with control valve along with
pressure regulator. This was made in order to measure and
control the volume flow rates of both sides. This process leads
to obtain the required ERs. The air and fuel were premixed
before moving to the tube combustion chamber due to pressure
differences. The tube is designed so that the number of
perforated layers can be changed. The ignition process is used
to start the combustion and produce flame.

The setup was completed in two stages; the first stage was
developed to measure the flame temperatures at across various
points starting from center and followed by gas emissions, as
shown in Figure 2. The second stage was intended to evaluate
the thermal efficiency of the burner as shown in Figure 3.

(1) LPG cylinder. (2) Control valve and pressure regulator. (3) Flowmeter. (4)
Air pump. (5) Pre-mixer. (6) Combustion chamber. (7) Perforated plate. (8)
Gas chimney. (9) Prob of gas analyzer. (10) Combustion gas analyzer. (11) K-
type thermocouples. (12) Data acquisition system.

Figure 2. Schematic diagram of to measure flame
temperature and emissions

In this research work, two experiments were tested
sequentially. Initially, after obtaining the required ER and
getting steady state flame was first priority. The steady state
flame generation was obtained in a two minutes after the initial
burning. The first set of data measurement, was taken with the
help of seven K-type thermocouples. Then gas analyser are
installed, as shown in Figure 2 to collet emission information.



The emissions data collected in this experiment include CO,
COy, Oz, and NOx. The device used was Kane AUTO plus 5-2
handheld gas analyzer. Next, thermal efficiency was
calculated using first setup. The measurement setup of thermal
efficiency is as shown in Figure 3. It was connected to the main
experiment setup at the same ER and number of perforated
layers. Thermal efficiency of at various ER and with/ without
perforated plate was calculated using the following Equation
[35].

mxCx(T; = T;)
Men = XAt x Q

x 100% 2

where, m was the mass of water and glass vessel, C was the
average specific heat of water and vessel, T; was temperature
of water before boiling and T, temperature of water after
boiling. In addition to V was the flow rate of LPG and At was
the time of boiling, and Q was the calorific value of LPG.

— 10

(1) LPG cylinder. (2) Pressure regulator and control valve. (3) Flowmeter. (4)
Air pump. (5) Pre-mixer. (6) Combustion chamber. (7) Perforated plate. (8)
Vessel. (9) Stirrer. (10) Distilled water. (11) K-type thermocouples. (12) Data
acquisition system.

Figure 3. Schematic diagram to measure thermal efficiency

The experimental procedure used to measure the thermal
efficiency include a glass vessel with 1 kg of distilled water at
known temperature (T;) which was kept for boiling until it
reached to T;. During this boiling process the temperature of
water was homogenized using electric stirrer [3]. These steps
were repeated for different equivalent ratios and with/without
perforated plates. Each result was recorded three times then
the average was obtained.

2.2 Error and uncertainties

The uncertainty error while carrying out experiment trails
was divided into two parts. The direct data taken from devices
such as temperatures sensors and gas analyser are addressed in
Table 1. Table 1 illustrates the uncertainties occurred in
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measuring devises. The uncertainty occurred in calculating
thermal efficiency was predicted using the principle of
propagation of errors [36, 37]. All measurements data
collected to complete each experiment run was taken trice and
the average value was considered. The uncertainty in this case
can be predicted using following Egs. (3)-(5) [2, 38].

1 n
X =- X 3
lel=1 ( )
1 o A

= . — ¥)2
SD (n - 1Zi=1(xl X) ) ( )
Sp

%Eror = = X 100% Q)

The errors of the considered apparatuses are illustrated in
the following Table 1.

Table 1. Uncertainties of measuring instruments

Apparatus Error

K-type thermocouple +1.1°C
Flow meters +0.1%

Pressure Transducers +0.16%

Kane AUTO plus gas NOx £12ppm, CO2 +0.1Vol.%,
analyzer CO £0.06 Vol.%, HC £3ppm

3. RESULTS AND DISCUSSION

The performance of the system was investigated by
considering the concept of equivalent ratio. In this work
number of layers of the perforated plate were varied and gas
emissions data was reported across all the ER. The flame
temperature experiment was used to analyse the temperature
of the flame at different points from the centre. Further, the
two experiments were held in order to optimize stove designs
for combustion efficiency and lower emissions. This can be
done by expression the relation between the distance from the
flame centre, the temperature, the ER, and the number of
perforated plates.

3.1 Effect of perforated plate on flame temperature
distribution

The flame temperature was reported at different positions
from the flame centre. The same procedure was adopted and
repeated for 0, 1, and 2 layers of the perforated plates. With
respect to Figure 4, it can notice that the distance from the
centre increases as the flame temperature rise. This is due to
proper air distribution and more combustion as the distance
from the centre increase. As well as, the temperature of the
whole flame increases as the number of the perforated plates
rise. As a result, the additive of perforated layers increases the
performance of the stove and yields to higher temperature. A
possible resins for this behaviour is due to the presence of
perforated layer. It improves the mixing process between fuel
and air and distributes it uniformly. Further it improves
combustion efficiency and increases temperatures to much
higher level. Gao et al. [39] in their review research found that
the performance of combustion as a result of mixing process
varies with respect to nozzle structure.



1300

1

—@——  LowEROlayer
D= o Low ER | layer
——-%-——  LowER 2Layers
——A—-  High ER OLayer
~p| — @ —  HighFR I lLayer
— —0—'—  High ER2 Layers

1200

=}
=)

o
S
S

©
=3
S

Flame temperature ©C)

-3
=3
S

~
=}
S

0 1 2 3 4 5 6

Distance from center (cm)

Figure 4. Flame temperature at difference distances from
centre for high and low equivalent ratio at 0, 1, and 2
perforated layers

1200

1000

O 800

L

£ —— T

s 04— +—1——— 1 fo e D

g e OV}

g- —oer=ee 20m

& 400 4 — A& — 3cm
—=O—= 4cm
N i 5cm

200

1.0 11 1.2
Equivalent Ratio

0.7 08 0.9 13

Figure 5. Produced temperature at different points from
flame centre for different equivalent ratio without insertion of
perforated layers

1400

T
0cm
1cm
2cm
3cm
4cm
5cm

side

1200

1000

800

600 -

Temperature (°C)

400

200

0.7 0.8 0.9 1.0 11 12 13

Equivalent Ratio

Figure 6. Produced temperature at different points from
flame centre for different equivalent ratio with insertion of
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The performance of the perforated plate is dependent on the
equivalent ratio. Thus, the relation between the temperatures
in the outer regions of the stove and different values of
equivalent ratio was conducted in this research. The influence
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of existing perforated layers on flame stability and uniformity
is highlighted in Figure 5-7. The relation between the
equivalent ratio and temperature was first studied without any
perforated layer. Figure 5 shows the equivalent ratio increases
as the temperature rise. In contrast, the amount of air needed
for combustion depends on the type of fuel. In order to ensure
optimum fuel combustion, the required amount of air should
be provided. The premixing of air and fuel ensures maximum
smooth combustion with low energy losses [19].

As shown in Figure 6, and Figure 7 as the equivalent ratio
increases with temperature. As the perforated layers increase
the flame stability and uniformity increases. This is due to the
uniform distribution of the air- fuel mixture at the combustion
chamber. The curve tends either to decrease or continue to stay
constant after certain ER value. It can be noted from Figure 6
and 7 that the additional layers contribute more stable and
uniform combustion process because with a more perforated
layers, the effect of ER is less. For example, the maximum
flame temperature difference at higher equivalent ratio for one
perforated layer was 540°C while for two perforated layers was
420°C. It can be noted that additional layers contribute to a
more stable and uniform combustion process. Also, the
increase in perforated layers, the less effect of equivalent ratio
difference on temperature. However, the side temperature
keep reducing with rise of ER from 0, 1, and 2 layers as shown
in Figures 5-7, respectively. This indicate of specific
combustion dynamics or heat distribution patterns, which it
needs further investigations.
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Figure 7. Produced temperature at different points from
flame centre for different equivalent ratio with insertion of
two perforated layers

3.2 Effect of perforated plate on gas emissions

The performance emission parameters from gas was
analysed using gas emission analyzer. The gas emissions were
studied by taking into account CO, and NOx. The CO
emissions data for 0, 1, and 2 perforated observed inverse
relationships with equivalent ratio as shown in Figure 8. The
increase in equivalent ratio leads to a more abundant supply of
oxygen relative to LPG. Therefore optimal A/F ratios for
achieving more efficient combustion [4]. In addition, this
figure illustrates that the additional insertion of perforated
layers decreases the CO emissions significantly. The
maximum improvement was noticed with two perforated
layers reaching up to 49% compared to without a perforated
layer. Further, with one perforated layer the improvement was
about 21%. This result can be explained by the evidence that



the mixture of LPG and air is homogeneous in the case of the
presence of a perforated layer. Therefore, the presence of
perforated layers gives low CO emission due to complete
combustion. This needs further research work that concern at
the distance between the layers and its effect on the
combustion performance.

250

—&— 2 Layer
==O--+ 1 Layer

200 AN —-v— 0 Layers

150

CO (ppm)
g

50

0.7 0.8 0.9 1.0 1.4 12

Equivalent Ratio

Figure 8. Emissions of CO (ppm) at different equivalent
ratio values for 0, 1, and 2 layers

In contrast, the NOx emissions was reported higher with the
increase of ER and perforated layers as shown in Figure 9. As
the ER rise the combustion resultants of NOx emissions
increases. This phenomenon was attributed to complete
combustion. Janvekar et al. [2] revealed that NOx emissions
are dependent on the rheological properties of air-fuel mixture
in addition to the structure of the burner. the same results was
obtained by Hou et al. [40] They justified that the structure of
the domestic stove has a high effect of the combustion
performance. Higher NOyx emissions produced by a
homogeneous mixture [41]. In addition, changing the values
of harmful CO and NOy emissions can be done by optimizing
the structure of the domestic burner.
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Figure 9. Emissions of NOy (ppm) at different equivalent
ratio values for 0, 1, and 2 layers

3.3 Effect of perforated plate on thermal efficiency

Finally, the key indicator of stove performance is the
thermal efficiency. As shown in Figure 10 as the equivalent

486

ratio increases the thermal efficiency decreases. This result is
due to increased fuel consumption even though combustion is
complete. Many researchers have reported similar data for
example, Ko and Lin [42] showed the higher heating value
caused lower thermal efficiency. Haridass and Jayaraman [43]
revealed that reaching the desired level of gas emissions
caused adverse effects includes lower thermal efficiency.
Contrary to the influence of ER, existing perforated plate
layers caused higher thermal efficiency. It seems that
perforated layers caused uniform and homogeneous of air- fuel
mixture. That leads to conclude that enhancing the combustion
can be done through the stove design. Further, similar
approach were observed by Hou et al. [40]. They found that
port design has a significant effect of the combustion
performance because off the changes of flow type of air-fuel
mixture.
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Figure 10. Thermal efficiency at different equivalent ratio
values for 0, 1, and 2 layers

3.4 Optimization process

Multi-Objective Optimization process was adopted to find
the optimal case to choose the best combustion parameters for
the configured burner. The main objective of this experiment
is to enhance the performance of the combustion process. In
this experimental research a Pareto optimal front (POF) was
utilized to find the optimal case to suit research objectives [44].
The maximum thermal efficiency, higher flame temperature,
and minimum harmful emission gases are the main objectives
in present work. The set of experimental data is illustrated in
Figure 11. In this figure, every point was considered as a
solution with different number of perforated layer (0, 1, or 2)
and different equivalent ratios (0.78, 0.936, 1.092, 1.248, or
1.404). Whereas, the selected outputs were thermal
efficiencies, CO concentrations, and flame temperature at the
distance of 3cm from the center of the burner.

Pareto set usually gives a number of solutions that achieves
the main objectives [45]. Abubaker et al. [46] have modified
POF to reduce the number of optimal solutions using the
optimal computing allocation technique. The multi-objective
optimization process using POF showed number of optimal
solutions as shown in Table 2. It can be noted that all output
data received utilizing two perforated layers are considering as
optimal solutions.

A Comparison of similar studied investigated the domestic
burner with different techniques are important to show the



marks done in this research. Table 3 shows the comparing of
main output of domestic stove between present technique and
other research works.

Table 2. Optimal solutions using POF

Input Output

220
200
180
160
140

B
No. of g 120
Perforated ER J° Thermal co S 100
Layers (°C) Efficiency (%0) (ppm) 80 w —_—
0 1404 910 52 38 0
1 1.248 1180 73 72 o
2 0.78 1023 94 210 S
2 0.936 1086 91 147 The 60
2 1.092 1234 86 113 el EMlciency g, P
2 1.248 1206 82 89
2 1404 1212 9 I Figure 11. Total set experimental data
Table 3. Comparison between current research and the other some research works
Rashawan et al. [27] Janvikar et al. [2] Mujeebu et al. [10] Gamal et al. [29] Current Study
Method perforated-plate porous media porous media perforated-plate perforated-plate
Fuel methane—air Butane-Air LPG-Air LPG-Air LPG-Air
ER 0.6-14 0.4-1.0 2.9 0.46 -0.82 0.78-14
Thermal efficiency NA 90% 56% NA 94%
Max. Temp. 355°C 703°C 646 °C 1250 °C 1234°C
Min. CO concentration 10-30 ppm Less than 55 ppm 21 ppm 0-50000 ppm 48 ppm

4. CONCLUSION

The presented experimental work was conducted with a
novel approach of enhancing domestic LPG —air burner using
perforated plates. The effect of number layers of perforated
plat on combustion performance was studied and reported
systematically. Importance was given on investigating gas
emissions analysis, flame temperature, and thermal efficiency
across various equivalent ratios (ER). The result indicate
maximum flame temperature rises with increase in ER. The
distance of maximum flame temperature points from flame
centre was dependent on ER value as well as number of
perforated layers. However, the insertion of perforated plates
has increased the overall temperature of the flame. Installation
of perforated plates can reduce CO concentration. This leads
to better thermal efficiency. Multi-Objective Optimization
process using Pareto optimal front (POF) showed that the
optimal cases when using two perforated layers suits given
conditions in best possible way. Further investigation needs to
studying the effect of many other parameters such as hole
geometry and density, diameter of burner, and thermal
conductivity of perforated plate, etc.
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