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Abstract

The emission sources have great effects on
our environment. Further using of fossil fuels
because of our needs for heating purposes and
developments leads to raising the emission
concentration in the air which caused to health
risks to human society and its environment. This
paper deals with using a different percentage of
Iragi liquefied petroleum gas from 10% to 25%
with different percentage of Iragi Gas-oil fuel
from 90% to 75%, keeping the thermal load
constant in order to indicate the possibility of
reducing the pollutant emissions . A dual fuel
burner and equivalence ratio range from 0.8 to 1.4
is used to study the emission concentrations based
on these equivalence ratio. For further reducing in
emission and heat recovery from the exhaust
gases the cooling effect also investigated for
water mass flow-rate from 12 kg/s to 48 kg/s
roughly. The results showed that for further
increasing equivalence ratio the UHC, CO, and
Soot increased by about 3% and NO,, and CO,
decreased by 2.5% and this due to decreasing the
oxygen ratio in the mixture and incomplete
combustion occurred. Also for increasing
percentage participating of LPG fuel as a
secondary fuel, UHC, CO, and Soot decreased by
8%and NO, and CO, increased slightly. With heat
recovery process the concentration of UHC, CO,
and Soot increased slightly while NO,, CO,
decreased by 1.5% because of decreasing of
combustion chamber temperature.

Keywords: continuous combustion emissions,
Liquefied petroleum gas.

1-Introduction

External combustion engines are widely
used in numerous applications throughout the
world in domestic heating purposes or industrial
furnaces, and boilers. A dual fuel burners is a new
type of burners using more than one kind of fuels
in order to depends on alternative fuels when
there is a shortage in local markets of one of them
and this represents energy management
opportunity which leads to saving in expensive
primary fuels such as Gas-oil and LPG[1,2].
Much works have been done to reduce the
production of NO, CO, UHC, and photochemical
smog in order to match the requirements of
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friendly environmental [3, 4]. Joanne M. Smedley
and Alan Williams [5] explored the most
important reason behind adding gaseous fuel and
that the tests showed that dual fuel emissions are
substantially lower in soot and particulate matter
than petroleum diesel emissions. Al Omari et .al
[7] studied the effect of using dual fuel on the
performance of small dual fuel furnace. They
found that adding gaseous fuel leads to improve
the whole performance of the furnace.
Zahmatkesh and M. Moghiman[8] concluded that
the reduction of droplet size leads to reduction in
soot. The present work investigates the effect of
adding liquefied petroleum gas to gas oil fuel on
the emissions of a locally fabricated industrial
burner. The burner will be examined under
various operational conditions in order to promote
design and specify the best mixing proportion of
liquefied petroleum gas with hydrocarbon fuels.
Also the effect of exhaust cooling gases on
emission concentration were investigated as a
heat recovery from the stacks, the work
considered five thermal load to investigate for
emission, and to be applicable in industrial and
domestic use with certain percentage of Gas-oil
and LPG.

2- Experimental work

A detail description of the test rig used in
this work and the experimental work is
summarized below:

The test rig that is completely constructed
and used in this study is shown in Figure 1. The
liquid fuel is stored in a fuel tank and forced in
fuel injection system by compressed air produced
by a reciprocating compressor. The compressed
air is also used to atomize the liquid fuel in order
to generate very small size droplets. The LPG fuel
is supplied from a domestic LPG cylinder and
Gas-oil supplied from a storage tank.

The different LPG percentage addition
which select according to the thermal load
choosed is controlled by LPG volume flow-rate
flowmeter, and the mass flow-rate of Gas- oil is
controlled by a Rota-meter which provides the
rest of the thermal load to obtain certain thermal
load by the LPG and Gas-oil fuels together and
the air mass flow-rate is controlled by a shutter
with orifice. The emission concentration is
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measured by gas analyzer for UHC, CO, CO,, and
NOx, and the evaluation was done for Soot by
smoke meter.

Figure (1) shows the dual fuel burner, Figure
(2) shows the schematic diagram of the test rig
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and its parts, and Figure 3 shows the emission
detecting devices gas analyser and smoke meter.

Specification of the fuels used in the present
work is explained in Table 1 which is provided by
(Al Dora refinery).

Table (1): Specification of fuel used.

No | Fuel Equivalent | Density |Surface tension| H/C | A/F ratio Calorific value

Chemical | (p) kg/m® | (o) kg/s® ratio

formula
1 | Gasoil| CorHises 840 0.0267 184 | 1451 43000 kJ/kg
2 | LPG | CasHaes 1.98 - 259 | 155/1 | 11198352 kJ/m"3
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Figure 1: The test rig.
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Figure 2: Schematic diagram of the dual fuel burner.
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Figure 3: Emission detecting devices (a) Gas analyser (b) Smoke meter

3-Results and discussion:

Different runs were chosen with five thermal
loads, the first run was done by changing the
equivalence ratio for each thermal load with
combusting Gas-oil fuel only, the results shown in
Figures 4to6 indicate that with increasing the
equivalence ratio from (0.6-1.4) the emission
concentrations begins to increase for UHC, CO,
and Soot and this due to incomplete combustion
in agreement with [5, 8], while Figures 7 and 8
showed that NO,, CO, is decreased with
increasing the equivalence ratio from (0.6-1.4)
and this due to decreasing temperature and
oxygen content of the mixture which agreed with
[3, 4].

It also noticed that with increasing thermal
loads value the rate of emission concentration of
UHC increased as can be shown in Figure 9, and
this thought due some of high contents of volatile
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hydrocarbons in gaseous fuel escape out of
combustion zone and don’t take part in
combustion. Figures 10 and 12 shows that
concentration of CO and soot are decreased in the
addition of LPG in ranges from 0 to 20 percent
due to improvement in combustion caused by the
increasing of pressure jet atomizer which mean
the gas-oil mass flow-rate is directly proportional
with atomizing pressure and this will reduce the
droplet size diameter, and gives more efficient
evaporation of the fine droplets and decreasing
the residence time and more homogeneous
mixture [6].

Adding LPG fuel to the mixture caused the
emissions concentration of NO,, and CO, to
increased as shown in Figures 11and 13 because
of increasing the flame temperature and
accelerating the fuel droplet evaporation [7].
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Figure 4: Thermal load (29.7 kW)
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Figure 6: Thermal load (29.7 kW)
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Figure 9: Thermal load (29.7 kW) ¢=0.8
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Figure 10: Thermal load (29.7 kW) ¢=0.8
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Figure 11: Thermal load (29.7 kW) ¢=0.8
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Figure 12: Thermal load (29.7 kW) ¢=0.8
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Figure 13: Thermal load (29.7 kW) ¢=0.8
4-Conclusion: 47907, Combust. Sci. and Tech, Vol. 68, pp. 1-14

From the obtained results we conclude
the following for all thermal loads.
1- The increasing of the equivalence ratio leads to
improvement in combustion and as a result the
concentrations of UHC, CO, and soot decreased
while the NO,, and CO, increased.
2- Decreasing of droplet size leads to decrease all
pollutants.
3- Further decreasing of UHC, CO, and Soot
noticed with adding LPG as a secondary fuel,
while increases in NO,, and CO, observed with
increased percentage of LPG.
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