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Abstract

Air preheat is used in many applications for heat recovery. In recent years, the combustion with
air at higher than atmospheric temperatures also occurs in the new type of a self-aspirating burner. In the
present work is aimed at investigating the effects of changes in the combustion air temperature on the
primary aeration and flame structure. These studies were performed for both with and without preheat
case of combustion air. It is observed that the level of primary air entrainment is increased with increasing
the heat input. At a high level of heat input, the primary air entrainment will be stable and not depending
on the heat input, due to limitation of the size of mixing tube and the burner port. The preheated case
gives a lower primary aeration than the without preheat case, because the preheating effect will make the
fluid in the mixing tube has more viscosity. A yellow tip flame also occurs with increasing the preheated
air temperature due to decreased primary aeration. As a result, it lead to the understanding of the
influences of air preheat which affect primary air entrainment. This information may be helpful in
designing a high-performance burner in the future.
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1. Introduction

Self-aspirating burners designed to be
fueled by liquefied petroleum gas (LPG) are very
popular for cooking in the household sector in
Thailand. The total of LPG consumption is
increasing every year [1]. The household sector
accounts for about 54% of the country’s total
LPG consumption [1]. Therefore, the higher the

performance of the self-aspirating burners being

used in the country, the larger the amount of
energy that can be saved by this major sector.
The overall efficiency of a self-aspirating
burner is decided by the combustion and heat
transfer performances, which depend on the
design of the burner, stove and the pot [2]. In
recent years, the self-aspirating burners has
been carried out to improve thermal performance

and to reduce pollutant emissions by developing
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the burner port geometry and the combustion
system [3-5]. The results showed that the
thermal efficiency of the proposed burner is
higher than that of a conventional burner.
However, through the preheating effect of the
primary air [5], the amount of air entrainment is
further reduced because of an increase in the
flow resistance [6]. Therefore, incomplete
combustion is taken place with a high level of
CO emissions. The precise prediction of a value
of the primary air entrainment is of importance
for more complete combustion of the self-
aspirating burners. Many studies have been
conducted with the self-aspirating burners to
predict the level of the primary air entrainment
[7-10]. They found that primary air entrainment is
a function of fuel gas flow rate, type of fuel gas,
injector geometry, mixing tube geometry, and
burner port geometry. However, most of the
studies mentioned above are limited to the cold
test case. The preheating effect caused by
combustion was overlooked. A preliminary
experimental study [11,12] on primary air
entrainment of a self-aspirating burner with both
hot test and cold test cases were conducted.
The results showed that the hot test gives about
a 22 percentage point (37% relative) lower
primary aeration value than that of the cold test
because of the preheating effect caused by
combustion.

As a follow-up of Ref. [11,12], the
purpose of the present study is to get a deeper
understanding of the effects of changes in the
combustion air temperature on the primary
aeration and flame structure, considering air
temperatures in the range 33°C (without preheat

case) to 300°C. It lead to the understanding of

The First TSME International Conference on Mechanical Engineering

20-22 October, 2010, Ubon Ratchathani

the influences of air preheat which affect primary
air entrainment. This information may be helpful
in designing a high-performance burner in the
future.

2. Methodology

Fig. 1 shows a schematic diagram of the
primary aeration measurement using the oxygen
sensor which is applied for both with and without
preheat cases. It is composed of a self-
aspirating burner with cross-sectional area of
injector A = 0.64 mm2, cross-sectional area of
throat A= 254.47 mmz, and overall cross-
sectional area of the burner port Aj= 245.44
mmz. LPG is used as a fuel in the experiment,
and the oxygen sensor is used to measure
oxygen concentration with an accuracy of about
0.05%. An uncertainty analysis was carried out
with the method proposed by Kline and
McClintock [13]. Using a 95% confidence level,
the maximum and minimum uncertainties in the
presented primary aeration were found to be
3.3% relative and 1.6% relative, respectively.

In the without preheat case, the flow
rates of LPG@are controlled by a pressure
regulator@. The flow meter@ is installed
downstream of a pressure regulator. The volume
flow rates are measured in order to calculate the
heat input (q) of the fuel gas. A mercury
manometer@is used to measure the fuel
pressure. Then, the fuel gas is injected by the
injector  orifice @ into the mixing tube.
Meanwhile, the primary air from the air
compressor @ is supplied to the air storage
tank (7) , which is provided to maintain the
primary air temperature. The dimensions of the
air storage tank are 40 x 40 x 40 cm. The air

storage tank walls are covered with 4 cm
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thickness of ceramic fiber. The pressure within
the air storage tank is maintained at an ambient
condition, as measured by the water manometer
. The primary air will be entrained into the
mixing tube by a momentum-sharing process
between the injected gas and the surrounding
air. The mixture is distributed uniformly to the

multiple port burner@with premixed flame.

in the

Meanwhile, the oxygen concentration
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mixture is measured by using a sampling gas
line , which is located at the burner head,
and then carried to the oxygen sensor @ The
primary aeration can be calculated following

equation:

%0,

PA=
(A/F)gor, X (21=%0,)

x100 (1)

==

11. Oxygen sensor
12. Computer

13. Air heater

14. Data logger

15. Digital camera

Fig. 1 Schematic diagram of primary aeration experiment
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Fig. 2 Typical primary aeration of a self-

aspirating burner

For the preheat case, a similar
experiment is performed using the same
procedure as described for the without preheat
case, but with a primary air preheat. The air
heater @ is installed downstream of the air
compressor and provided to control a primary air
preheat. In this study, four preheated air
temperatures (Tpre.) are selected for the
experiments (50°C, 100°C, 200°C, and 300°C).
These temperatures are performed with N-type
thermocouple, which is located at the primary air
inlet, and then carried to the data Iogger.

The static pressure (P, —P,) at different
locations within the mixing tube, as shown in
Fig. 1 (top view), are also measured by the
water manometer. Static pressure under the
burner port is reported by using an average
value of P,. Meanwhile, the flame images are

also captured with a digital camera @
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Fig. 3 Effecting of heat input on pressure drop

along a self-aspirating burner

3. Results and discussion

3.1 Primary aeration (PA) and its variation
with ¢

Fig. 2 shows typical primary aeration of
a self-aspirating burner for both with and without
preheated cases. It is clear that the primary
aeration in both cases rapidly increases at the
early stage with an increasing heat input (q).
After that, the primary aeration is stable and no
longer dependent on the heat input, due to
limitations of mixing tube and burner port sizes.
The primary aeration decreases with an
increasing preheated air temperature (T, ). It is
interesting to note that, the preheated air
temperature of T, = 300°C gives about a 14
percentage point (33% relative) lower PA value
than that of the without preheat case, because
the preheating effect causes expansion of the

mixture and an increase in its viscosity.
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Fig. 4 Effecting of primary air preheat on

pressure drop along a self-aspirating burner

3.2 Pressure drop ( P ) and its variation with X

Fig. 3 shows typical variations of static
pressure along the mixing tube for the without
preheat case. All ranges of heat input show
similar trends. At the mixing tube inlet, P, is
zero because of its representation of an
atmospheric pressure. Then, at the throat, the
pressure decreases and becomes negative (or
vacuum) pressure P, , which is helpful in primary
aeration. Beyond the throat up to the burner port
exit the pressure slightly increases, which
contributes to the flow of fluid in the mixing tube.
It is clearly seen that the vacuum magnitudes
decrease with decreasing heat input. This results
in low primary aeration.

Fig. 4 shows a comparison of static
pressure along the mixing tube between with
and without preheat cases. Both cases show
similar trends as already described in the
previous section. It was observed that the
pressure distribution for the preheat case is
greater than that of the without preheat case.
distribution  also

Moreover, the pressure

increases with the preheated air temperature.
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Fig. 5 Effecting of heat input on flame structure

for without preheat case

This may be attributed to an expansion of the
gas mixture flowing inside the mixing tube, which
in turn results in the lowering of primary
aeration.

3.3 Flame structure

The flame image of a self-aspirating
burner in the open environment for the without
preheat case, as shown in Fig. 5. The flame
structure of a partially aerated burner has two
distinct regions: the inner cone flames and the
outer cone flames. The inner cone flames are
the rich premixed flames burning with the
entrained primary air, while the outer cone
flames are the non-premixed flames due to the
combustion of the unburnt fuel and intermediate
species with the secondary air. It was observed
that a yellow tip flame occurs in the inner cone
flames as heat input decreases because of the
lowering of primary aeration. On the other hand,
when further increasing heat input, the inner
cone flames are greenish-blue in colour showing
the abundance of CH and C,
chemiluminescence in the flames [2]. However,
the yellow tip flame appears in the outer cone
flames, because the mainly secondary air can
not entrain from the surrounding above the
burner plane. Flame appearance and flame

stability are known to be affected by thermal
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Fig. 6 Effecting of primary air preheat on flame

structure at q = 8.41 kW

input (flow rate of fuel) and primary aeration. It
was found that the increase of thermal input
leads to the increase of flame height, because of

the high velocity of the gas mixture.

Fig. 6 illustrates the direct flame images
obtained with the different preheated air
temperatures to show the effect on the flame
structures. It is clearly seen that a yellow tip
flame occurs with increasing the preheated air
temperature due to decreased primary aeration.
Therefore, incomplete combustion is taken place
with a high level of CO emissions. However, it is
also observed that the flame height at all ranges
of Tpre_ is quite stable. The high preheated air
temperature causes low primary aeration and an
increase in the burning velocity. Thus, the flame
height is almost constant irrespective of the
temperature of preheated primary air.

4. Conclusions

1. The PA level in both with and
without preheat cases rapidly increases at the
early stage with increasing Q. After that, it is
stable and no longer dependent on (, due to
limitations of mixing tube and burner port sizes.

2. The preheat case of T, = 300°C
gives about a 14 percentage point (33% relative)
lower PA value than that of the without preheat

case, because the preheating effect causes
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expansion of the mixture and an increase in its
viscosity.

3. A yellow tip flame occurs with
increasing the preheated air temperature due to
decreased primary aeration. Therefore,
incomplete combustion is taken place with a
high level of CO emissions. However, the flame
height is almost constant due to increased
burning velocity.

4. In order to design a high-performance
burner in the future, it is recommended that the
preheating effect be taken into consideration in
designing the mixing tube so as to obtain an

accurate primary aeration.
Nomenclature

A cross-section area, mm’
A/F air-fuel ratio

%0, oxygen concentration, %
P pressure, N/m”

P average pressure, N/m’

PA primary aeration, %

q heat input, W

T temperature, °c

X axial distance, mm
Subscripts

i injector outlet
p burner port
pre. preheat

stoi.  stoichiometric

t throat
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