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Abstract: The objective of the present paper is to
investigate experimentally the flame characteristics utilizing
different secondary air inlet direction for different primary
air swirl numbers and equivalence fuel-air ratios. In this
study, an experimental test rig was carried out to investigate
the flame temperature and emission behavior with flame
length at the equivalence fuel-air ratios taken0.96, 0.80, 0.70,
and 0.60, and swirl vane angles were varied as 20, 30, 45, and
60° to generate different swirl numbers of 0.26, 0.416, 0.71
and 1.23, respectively. In addition to the introduction of
secondary air in test combustor, whereas the primary air and
fuel mass flow rates were kept constant at 12.5. Also, the
secondary air flow rate was changed to give different
secondary over primary air and fuel ratios of 0.19, 0.32, 0.41,
and 0.48. The study showed that the flame temperature
distribution with flame length at the equivalence fuel-air
ratios is increased at 20.0 mm of radial flame distance and
decreases gradually with radial flame distance. Also, the
experimental investigation illustrated the emission
characteristics at different equivalence fuel-air ratios
accounting for nitrogen oxide and unburned hydrocarbon
were decreased gradually with radial flame distance at
different swirl vane angles. Moreover, the emission
characteristics at different equivalence fuel-air ratios
accounting for the concentration percent of carbon dioxide
and carbon monoxide were decreased gradually with radial
flame distance at different swirl vane angles

Keywords: Premixed Burner Flame; swirl vane angles; Flame
temperature; Emissions characteristics; Secondary air ratio

I.INTRODUCTION

Premixed combustion technologies are being pursued as
effective means to decrease undesirable emissions in
industrial burners. Elkelawy et al. [1, 2] elucidated that
combustion and emissions behaviors could be improved to
an acceptable level if alternative fuel such as biodiesel is
used to fuel the conventional diesel engine[3-8]. However,
the use of solid fuel as co-firing was considered a new
method for solving the problem of industrial burner
combustion [9-12]. Extensive studies have been performed
regarding the solid particle fuel dilution in the horizontal
fuel pip in order to enhance the fuel distribution in the
furnace room [13, 14]. A porous burner has been tested to
determine the effect of firing rate, equivalence ratio, and

flame speed on the stability of the flame by S. A.
Hashemi, and M. R. Faridzadeh[15]. Razvan Carlanescul
et al.[16]introduced a method that considered a method
can be used for contracting a CH4-H2 mixtures
combustion chamber. Lanzhou Gao et al.[17]carried out an
experiment to measure the flame oscillation. In addition,
the author obtained the differences that occur in the flame
area at different operating conditions. Xingyu Su et al.
introduced an approach to studying the chemical Kinetic
reaction mechanism of the used fuel in achieving good
progress to reduce the reaction mechanism from 290 to 32
equation reactions[18]. However, the ignition delay times
have been tested and optimized by facilitating the
polynomial fitting for constructing the response surface.
Marco Osvaldo Vigueras-ZUiiiga et al.[19]did a study on
flame behavior and found that using a swirler with a high
swirl number in a premixed flames burner can be used to
promote the biogas fuel combustion in combustion
chambers [20, 21]. The obtained results show that the
pollutant emissions including NOx, CO2, and CO
decreased dramatically because the swirler enhances the
combustion process [22-24]. The swirler also prevents
non-combustion zone creation. However, the tested
mathematical code might be wused to investigate
successively how flames behave when the mixture of
biogas contains various moles of CO2.

Elkelawy et al. [25, 26]determined experimentally
the effect of different amounts of biogas components
mixed with commercial diesel fuel at various supplied air
on combustion and emissions behaviors[27-29]. The
results obtained data elucidated that the NOx and CO
emissions were enhanced, while the flame temperature
significantly changed with using different biogas portions
in the combustion process. Ziyu Wang [30] performed an
experimental investigation to evaluate the combustion
performance and flame behavior using fuels such as
Syngas, Biogas, Liquefied Petroleum Gas (LPG), and Gas
to Liquid (GTL) premixed flames. The author concluded
that flame instability is affected by equivalence ratio,
flame radius, temperature, pressure, diluent type, and
diluent mole fraction. As the flame propagates, the flame
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becomes more unstable. As temperature increases, the
flame becomes more stable. As pressure increases, the
flame becomes more unstable[32 ,31] . The diluents such
as him, EGR, and CO2 act as the inhibitors of flame
instability. As the mole fraction of the diluent increases,
the flame becomes more stable. Ahmed EI-Said Azam et
al.[33]the swirl and counter swirl were experimentally
investigated and the obtained results elucidated that the
performance of the counter swirl was better than the co-
swirler. When compared to the co-swirler, the counter-
swirl produces higher flame temperatures and lower
emissions concentrations [34, 35]. Expanding the internal
point of the twirling stream prompts the improvement of
the burning system. Numerical and experimental research
was conducted to figure out the impact of non-premixed
swirl flow on flame NOx emission [36].As a result, the
authors came to the conclusion that the swirler flame
consists of a central toroidal recirculation zone, corner
recirculation zone, and CTZ comprising the swirl-based
flow region. Additionally, as the number of swirls
increases, the combustor's inlet tends to receive the highest
flame temperature. However, the experiment work has
been achieved to study and test a conical stabilizer for
flame steadiness to improve the swirl phenomena through
combustion gases [37]. Also, the measurements have been
performed on the new burner (slot) and the conventional
one (coaxial) to investigate the axial temperature, the
flame appearance, and the axial gas analysis [38]. In this
regard, experimental and theoretical studies have been
performed to investigate the effect of different secondary
air directions, normal, forward, backward, and tangential
directions on natural gas combustion characteristics[39].
The results show that the introduction of secondary air
leads to a decrease in flame size, and the tangential
direction gives the shortest flame length for most cases
while the backward direction gives the longest one.
Normal and forward directions produce higher O2 and
lower CO and CO2 concentrations. In addition, a
numerical investigation has been carried out to study the
effect of the burner configuration and H2 as fuel content
on the internal recirculation zone [40]. The study
illustrated stoichiometric mixtures with pure ammonia,
25% H2, and 50% H2 blends whereas the flame for pure
ammonia firing was longer, and the introduction of
hydrogen in the fuel mixture increased the reactivity, as
typified by the higher temperature and product formation
rate[41 ,35] . Also, experiments were performed to depict
the important features of the premixed chamber and the
primary zone of practical gas turbine combustors[42]. The
analysis illustrated the effects of premixing efficiency on
flame stabilization, propagation, and pollutant formation
under overall lean burning conditions. Fuel composition
and the level of the swirl created by the burner have been
investigated experimentally to evaluate the premixed
flame combustion and emissions characteristics [43]. The
obtained data elucidated that the swirl number on the
reaction zone has a great impact on the combustion species
and temperature distributions. The flow field
characteristics of reacting flow in a swirler burner have

been studied [44]. The different velocity components in
axial, radial, and tangential directions have been measured
experimentally to establish the impact of the swirler on the
combustor's behaviors of the premixed burner. Vipul Patel
and Rupesh Shah [45]carried out an experiment to
investigate the impact of swirl number in inverse diffusion
flame by applying 30° of swirler vane angle. The impact
of changing the number of vanes on the configuration and
color of inverse diffusion flames is investigated[46]. In
addition, the investigation included the impact of
premixed flow configuration and the charge equivalence
ratio on flame temperature, length, shape, NOx, and CO
emission. Numerical and theoretical investigation about
combustion flame temperature has achieved. Results
quantified the flame temperature at specific values of the
fuel and air species. Analysis also shows that it is feasible
to employ a measured quantity of air for combustion
efficiency whereas; the combustion within the oxygen has
a more remarkable positive impact than in the air

In this investigation, the experimental work was
conducted on an instrumented combustor that consists of a
cylindrical combustor equipped with all necessary
auxiliaries that facilitate its operation and control. All the
tests were conducted using axial vane swirls with vane
angles of 20, 30, 45, and 60-. The premixed flame was
prepared by applying two air systems, one for primary air
and the other for secondary air. In the present experimental
technique, the different burner designs and operating
parameters that include the influence of equivalence fuel-
air ratio (¢), swirl vane angle (S), secondary air ratio
(SAR), and the magnitude of the secondary air injection
angle have been tested. Therefore, these parameters have a
significant impact on the measured temperature, velocity
vectors, and species concentrations.

I1.METHODOLOGY OF THE EXPERIMENTAL WORK

Commercial diesel fuel is tested in a constructed
premixed flame burner. The burner was equipped with a
set of R-type thermocouples to measure the flam
temperature distribution. In addition, flame emissions such
as CO, CO», HC, and NOx have been recorded at different
burner designs and operating conditions. However, the
general layout of the burner test rig (as a line diagram) is
shown in Fig.1, whereas the detailed test rig equipped with
the necessary auxiliaries is shown in Fig. 2.

1| Combustor 6 | Healing Chamber

2| Swirler 7 | Fuel tank

3| Burner 8 | Primary Air
4|Mixing Chamber | 9 Secondary Air |
5 | Fuel Inlet 10| Air Compressor
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Figurel. The general layout of the test rig (as a line diagram)

DESCRITION

COMBUSTOR

SECONDARY AIR INLET

SWIRLER

BURNER

SECOND DRILLED PLATE

MIXING SECTION

STAINLESS SPHERE

FIRST DRILLED PLATE

| FUEL NOZZLE

|10 | PRIMARY AIR - U - TUBE MANOMETER
11 | PRIMARY AIR INLET

I [ w

1
(23] .

EE a21[_2rg] ?JL“J @@%Lﬂgﬂw'n 12 [13][15]
! \ ‘ /,- /.‘
: [ |5/
: : t
’ | el Y - I
/J,

12 | PRIMARY AIR OFFICE - METER
13 | PRIMARY AIR FILTER
14 | FUEL TANK
15 | PRESSURE INDICATOR
16 | FUEL FILTER
17 | LEVEL INDICATOR
18 | PRESSURE REGULATOR
\ 19 | FUEL - ROTA - METER
20 | EXHAUST VALVE
21 | EXHAUST LINE
22 | PRESSURE INDICATOR
23 | SECONDERY AIR ORIFICE METER
| 24 | SECONDARY AIR FILLTER
25 | AIR COMPRESSOR

26 | HEATING CHAMBER

4 27 | oL
28 | FOUR ELECTRIC HEATERS

Figure2: Test rig arrangement and measuring devices

Therefore, Fig. 2 illustrated the three stages of the
burner test-rig sections; the first one is the preheating
section, the second is the burner, and the last one is the
combustor or combustion chamber.

The first stage of the burner test-rig is the heating
system, which consists of a primary air receiver with two
heaters, a primary air inlet, and an outlet. For user-friendly
measuring parameters the constructed burner system is
equipped with instrumentation and all necessary control.
Swirler with vane angles of 20, 30, 45, and 60 degrees
have been designed and constructed with the burner
system. The geometry was chosen to produce the full
defections of flow as possible with simple and symmetric
vanes as shown in Fig.3. The swirler is simply axial
cascaded guide vanes. Four different swirler of setting
angles 20, 30, 45, and 60 degrees are used to generate
rotations of swirl numbers 0.26, 0.416, 0.71, and 1.23,
respectively, as calculated according to Mather and
McCollum[47].

The second part that consisting of mixing, burner,
and swirler as shown in Figure 4, which is known as
burner three portions. The portions between two drillers
(parts 4 and 7 in Figure 4) plate have been constructed for
completing the mixing, homogenous, and vaporization of

the fuel with primary air to get a premixed turbulent flame.
The second portion of the burner has been filled with
stainless balls (spheres) of small diameter to satisfy
complete mixing and homogeneity of heated air and
evaporated fuel. The third portion contains a swirler to
measure the mixture temperature before exiting from the
burner to control the evaporating of fuel droplets.

FRONT VIEW ISOMETRIC VIEW
MAIN DIMENSIONS OF SWILLERS
VANES SETTING OUTERRACE | INNERHUBE |SWILLER DIAMETER
SN |ANGLES — DEGREES| DIAMETER ~mm _| DIAMETER — mm | COMB. DIAMETER
0.26 20° 76.1mm 15mm 0.3044
0.418 30° 76.1mm 15mm 0.3044
0.71 45° 76.1mm 15mm 0.3044
1.23 60° 76.1mm 15mm 0.3044

Figure 3.0ptimized swirler configuration
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Figure 4: Dimension of the tested burner, mixing section, burner,
and swirler

&l s |
il P P

o016
ans
o

N
14° 5,

a) The combustion chamber configuration

- 150 ~100-400=-145 == uu—v-uu--uo-‘ruu ~}R2:6 122.6--100-30~

i | t t t

2,
TRy

ST | XD

106 sT-1| 04
———345—~ sT-2| 138
- 485 - sT-3| 194
L 625 - ST-4| 2.50
- 765 - ST-5| 3.08
L 9205 - sT-8| 3.62
[ 1150 - sT.7| 460
ST-7 ST-6 ST-5 ST-4  ST-3 ST-2 ST-1
= 120
100
= 80
60
40
w 20 } | |
(&3 i 1l ] 5
zu,u COM.
Iz 20 | | |
b 40
a eo
2 80
o 100
é 120
(=100 =i 245 4 140 A eo—i- 140 =i=140='= 245 == 100 =

- 1250 -

AXIAL DISTANCE --- mm
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Figure 5: Plan view for combustor configuration and temperature
sampling probe stations

The last section of the tested burner in the test rig has
known by the combustor or combustion chamber as
showed in figure 2 and 5. The burner combustor in the
present work is responsible for hosting the premixed
flame. However, the mixing of fuel and primary air takes

place before entering the combustion zone. The combustor
has been designed with seven stations to fix the R-type
thermocouple to measure the temperature distribution
along the flame length as can be seen in figure 5.

I11.MEASUREMENT TECHNIQUE

The measurement technique depends upon the flow
pattern inside the combustor under operating conditions.
The main measured parameters are the velocity and
temperature in the experimental program that considered
the fundamental quantities necessary to investigate the
aerodynamic behavior of swirling premixed turbulent
flames[48-50]. The system of instrumentation and control
used in the present study consists of a velocity vector, gas
sampling and temperature probes, fuel and air rate as well
as gas analyzing equipment. Velocity vectors, gas
sampling, and temperature measurements have been
performed at different radial positions in the combustor
using several probes at seven positions along the
combustor.

The performing measurements give the temperature at
different measurement stations, relative to the combustor
inlet. Exhaust gas analysis has carried out continuously
depending on the type of analyzer. Velocity measurement
depends upon a three-hole water-cooled probe, which is a
cylinder placed inside the combustor as an axis normal to a
fluid[51-53]. Thus, to obtain both the magnitude and
direction of the velocity, a cylindrical tube containing
three holes, apart from the total head hole, two static holes
have been arranged on either side at 40°to the total head
established. If the tube is now positioned such that the
middle hole is at stagnation conditions which are achieved
when the two static holes give equal readings, the velocity
head is obtained from the difference between the
stagnation hole and one of the side holes.

The direction of the flow is determined by the angle
rotated by the probe from a definite reference by means of
a protractor. A velocity measurement is subjected to
calibration[2, 54]. Temperature is one of the fundamental
guantities using which a complete study of controlling
flow behavior from the point of view of transfer and
combustion in industrial furnaces can be obtained. It is
there for important that measurements of temperature are
made with a high degree of accuracy. The true
measurements of the temperature of the gas can be
determined from the thermocouple measurements by
correcting the measured values by using the equation for
errors resulting from various types of heat exchange
between the thermocouple wires and the surroundings. The
most direct method to determine the local temperature is to
insert a thermocouple into the flame. Platinum — 13 %
Rhodium as positive VS Platinum as negative wires were
used for the thermocouple used in the experiments. The
wire diameter is 150 pm, and the ends of the wires
forming the thermocouple were fused to form the hot
junction. The wires were insulated by fine tubes of
ceramic each has two holes one for each wire. The type of

https://digitalcommons.aaru.edu.jo/erjeng/vol7/iss6/10
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this thermocouple is R-type and the range of its
measurement is from 0.0°C to 2400.0°C. Pyrometer is used
to obtain directly the gas temperature by the suction
pyrometer[55]. It is obvious that there is a certain
minimum velocity required for suction in order to reach
the correct gas temperature. The gas temperature has also
been found to be affected by the position of the
thermocouple junction in the shield. For this reason, the
suction pyrometer is made such that the position of the
junction can be easily changed. The suction pyrometer is
constructed from three co-axial stainless steel tubes of
outer diameters 6 mm, 9 mm, and 12 mm. They are
connected to fulfill the probe requirements. The inner pipe
is used as a casing for the ceramic tubes inside which the

thermocouple wires are mounted. In addition, this inner
pipe conforms to the passage of the sucked gases. The two
outer tubes with the inner one form the water jacket
required for cooling the probe. The three tubes are fitted at
one end with three fittings for the inlet and exit of cooling
water in addition to the gas extraction hole. A ceramic
tube is arranged in the central pipe. This ceramic tube is
supplied by two axial holes distant 1 mm through which
the thermocouple wires are passed. These wires are
Platinum- 13 % Rhodium as positive V. S. Platinum as
negative wires of 0.2 mm. diameter was used for the
thermocouple used in the suction Pyrometer as shown in
figure6.

2 INNER TUBE

'3 OUTER TUBE|

|4 THERMOCOUPLE HOT JUNCTION|

1 THERMOCOUPLE TERMINALS

SER | DESCRITION DIAMETER| MATERIAL
m.m.
1 PL-13%Rh
THERMOCOUPLE TERMINALS 150um ANDPL
2 | INNERTUBE 30 CERAMIC
3 | OUTER TUBE 6 ST. STEEL
4 | THERMOCOUPLE HOT JUNCTION| 0.2 ST. STEEL

Figure 6. Thermocouple probe of flame temperature measurements

Measurements using gas analyzers and constant
volume sample techniques to provide accurate species
concentration measurements. The continuous analysis of
gases is important for the control of chemical processes.
Exhaust gas sampling measurements were performed at
different radial positions in the combustor using several
probes located at seven positions along the combustor.
Table 1 gives the position of different sampling stations
relative to the combustor inlet (as can be seen in Figure 5).

The accuracy of the gas analyzer instruments of about
+ 0.5 %. The combustion gases are sampled by an

isokinetic water-cooled stainless steel tube probe, as
shown in Figure 7.

Table 1: Sampling probe locations along the combustor

Position Distance From Burner | X / D, D =
(Station) | Inlet (X) (mm) 250 (mm)

1 100 0.40

2 345 1.38

3 485 1.94

4 625 2.50

5 765 3.06

6 905 3.62
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Figure 7.1sokinetic Sampling Probe

IV.UNCERTAINTY ANALYSIS OF THE EXPERIMENTAL

Uncertainty analysis is used to ensure an
acceptable limit for the experimental setup accuracy
accounting a technique of Robert J. Moffat [56]. Operating
parameters such as flame temperature and the emission
characteristics such as NOx, CO,, CO, and HC were
calculated. Equation (1) stated the uncertainty calculations
for the measured output responses:

2

W (BR )2+(6R ) + +(6R )
= —_— — % *
R 0x, e 0x, W2 0x, Wn

Wk is the total uncertainty value in the experimental
observation, where the uncertainties of the independent
test rig operating parameters measured are denoted by wi,
Wo, ....,Wn, and R is the result function computed for the
independent test rig. The type of this thermocouple is R-
type and the range of its measurement is from 0.0° degree
t0 2400.0° as illustrated in table 2.

Table 2: Uncertainty values of measured and calculated parameters
of the flame temperature.

2

The overall uncertainty for measured and calculated
parameters of flame temperature with secondary air is
approximated at 0.32. According to this concept, the
accuracy of a gas analyzer is ordinarily stated in terms of
the reproducibility area of at least 8 repeated analyses of
the same mixture containing the interest components than
the arithmetic mean could be taken as the correct result
with probability.

Uncertainty values (with secondary air) for NOX,
HC, CO,, and CO, were about + 3.210 ppm, + 0.152
mg/cm3, * 0.198 %, and + 0.600 % respectively,
Percentage of uncertainties of measured and calculated
parameters are shown in tables 3.

Table 3: Uncertainty values of measured and calculated parameters
of the emission characteristics.

Parameter NOy, UHC, CO,, CO,
(ppm) (mg/cm | Vol. Vol.
) %). | (%).

1.8535 | 0.08760 | 0.1143 | 0.3462

(o)
= D /-1 ° °

S. Range of Calculated | Percentage

No. Parameter, Temp.'C uncertainties + 3210 | + 0.152 | +

1 0.0000 — 1000.0 0.143872 Wr = ,}z df ppm ppm 0.198 | 0.600
2 1000.0 — 1500.0 0.345302 % %

3 1500.0 — 2000.0 0.468237 P, = 0.6745yc | 0.91828 | 0.2000 | 0.2281 | 0.3970
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V. EXPERIMENTAL RESULTS:

a. Flame Performance at Difterent Swirl Vane Angles and
Air Fuel Ratio with Injection of Secondary Air

(Perpendicular Mode (a = 90°)).

The premixed burner flame temperature measurement
was performed via the thermocouple probe shown in
figure 6. There are seven axial and seven redial stations
configure 49-measurement mesh points, which were
recorded at steady state operation for each case of air fuel
ratios and swirl vane angles in the present work. The
results of this research accounting the flame temperature
distribution at different air-fuel ratios ¢ = 0.96, 0.80, 0.70
and 0.6 (Lean Fuel) accounting the injection of secondary
air is perpendicular mode (oo = 90°) at swirl vane angles
207, 307, 45°,and 60° as shown in figures 8a, 8b, 8c, and 8d.
Also the results under this condition indicates the
temperature distribution in three zones: 0.40< X/D < 1.94,
1.94 < X/D < 3.06, and 3.06< X/D < 4.60 for the primary
zone, recirculation zone, and combustion zone of
combustor respectively.

Figures 8a, 8b, 8c, and 8d illustrate the average
maximum temperatures takes place at 1239, 1200, 1140,
and 1046 °C along 20 and 34 mm accounting for the
equivalent fuel-air ratio ¢ = 0.96, 0.80, 0.70, and 0.60 and
swirl vane angles 20°, 30°, 45°, and 60° respectively.
Figure 8 indicates a maximum temperature was attained
and prevails in a large area of the central zone as the
equivalence fuel air ratio ¢ increase and observed
temperature levels increase by 100 to 200 ° by increasing
the equivalence fuel air ratio ¢, whereas the secondary air
ratio improves the velocity of turbulent reaction rate and
decreases the combustion zone length.

b.  Emission Characteristics at Different Swirl Vane Angles
and Air Fuel Ratio with Injection of Secondary Air

(Perpendicular Mode (a = 90 - )).

Figures 9a, 9b, 9c, and 9d reflected and illustrated
the measured premixed flame NOx distribution with flame
radial distance at equivalent fuel-air ratio ¢ = 0.96, 0.80,
0.70 and 0.60 (Lean Fuel) at swirl vane angles 20°, 307,
45°, and 60°andthe injection of secondary air is
perpendicular mode (o = 90°). Also figures 9a, 9b, 9c, and
9d indicate the overall average of NOx (ppm) distribution
along the flame length ranged from 85 to 55 ppm under
the conditions of equivalent air fuel ratios and swirl vane
angles. There is fast reduction in NOx emissions when the
swirl vane angle increased from 207, 30°, 45°, and 60° swirl
number from (SN from 0.26 to 1.23). This was apparent
for the whole range of operating equivalence ratio due to

maximum heat release occurs off the combustor center
line.
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d): Swirl Vane Angle S = 60°

Figure 8: Premixed flame temperature data for different Swirl Vane

Angle at different Equivalence Fuel — Air Ratio
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Figure 9: Premixed flame NOx emissions data for different Swirl
Vane Angle at different Equivalence Fuel — Air Ratio

Figures 10a, 10b, 10c, and 10d indicate the carbon
dioxide CO, has a stable distribution of emission for the
whole range of equivalence ratios, whereas by increasing
the equivalence fuel-air ratio CO; is increasing. However
COqpercent increases with higher swirl vane angle swirlers
were used. Figures 10a, 10b, 10c, and 10d under the
conditions of equivalent fuel-air ratio ¢ = 0.96, 0.80, 0.70
and 0.80 (Lean Fuel) at swirl vane angles 20°, 30°, 45°, and
60° accounting the injection of secondary air is
perpendicular mode (o = 90°) COzvolume concentration of
about 5.0 percent, 6.3 percent and 7.3 percent decrease for
swirl number of 0.416, 0.71 and 1.23 respectively
compared to swirl number of 0.26 this at equivalence ratio
of 0.8.

There was a slight decrease in COzpercent when
increasing the swirl number. This was seen throughout the
whole range of operating equivalence ratios. By increasing
the injection of secondary air theCO, percent is decreased
and that observation suggests that swirl significantly
increase the rate of oxidation of carbon monoxide to
carbon dioxide due to completely mixed flow resulting
from recirculation of the flow gases.

Figures 11a, 11b, 11c, and 11d shows the premixed
flame carbon dioxide volume concentration percent (CO
%) distribution with flame radial distance at equivalent
fuel-air ratio ¢ = 0.96, 0.80, 0.70 and 0.80 (Lean Fuel) at
swirl vane angle 20°, 30°, 45°, and 60" accounting the
injection of secondary air is perpendicular mode (a = 90°).

Figures 11a, 11b, 11c, and 11d illustrate the overall
mean volume concentration of carbon dioxide CO (%)
distribution ranged from 1.56 to 0.78% and maximum
volume concentration CO 1.675 % ; CO (%) distribution
ranged from 1.125 to 0.55 % and maximum volume
concentration CO 1.275 % ;CO (%) distribution ranged
from 1.06 to 0425 % and maximum volume
concentration CO 1.0875 % CO (%) distribution ranged
from 0.65 to 0.35 % and maximum volume concentration
CO 0.7425 % at swirl vane angles20e, 30°, 45, and 60°
respectively. It is observed that the increasing in the
secondary air ratio decreases the carbon monoxide and
concentrations.
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Figures 12a, 12b, 12c, and 12d reflected and
illustrated the premixed flame unburned hydrocarbon,
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' ' Flame Radial Distance, mm ' ' UHC (mg/cm?) distribution found in the primary zone,
recirculation zone, and combustion zone of combustor.

Concentration of COy , %
v
8

a): Swirl Vane Angle S = 20°

3.00
0 §=20°& o =90°
§=30° & o =90° —E— 4, =096
9.00 S 250 —h— g, = 0.80
m— g, - 0.9
—b4— 4, =070
800 —h— ¢, = 0.80 2 a0 —FE— 4o, = 060
b g, = 070 %
£ 700 —X— 4, - 0.60 2 -
& £ 150F
2 600 E
— g
O i g
£ s00 S 100
£
5
g 400
& 0,50
3.00
0.00
2.00 0.00 20.00 40.00 60.00 80.00 100.00 120.00
Flame Radial Distanee, mm
1.00
0.00 : i =20°
0.00 20.00 40.00 60.00 80.00 100.00 120.00 a): Swirl Vane Angle S = 20
Flame Radial Distance, mm .00
S5=30° & o ="
—— ,, = 0.96
b): Swirl Vane Angle S = 30° 230 —h— 5. - 0.80
—pt— 3, =070
10.00 R A —E— @y = 0.60
§=45° & o= 90° -
8
200 —B— g, = 0.9 g
8.00 —k— ¢, = 0.80 E
E
E S
)
o
s
£
)
E
§ 0.00 20.00 40.00 60.00 8000 100.00 120.00
é Flame Radial Distance, mm
3.00
200 b): Swirl Vane Angle S = 30°
1.00 3.00
S=45°& a= 90°
0.00 —l— 4, - 0.9
0.00 20.00 40.00 60.00 80.00 100.00 120.00 2.50
Flame Radial Distance, mm A g, = 080
—H— g, = 070
_ 200 —F— 4, =060
c): Swirl Vane Angle S = 45° g
=
£ 150
E
ki =
E—
& 100 ‘_“—'\'
® 0.50 ’/,_“““_\"\‘\—’Q\_‘
&
L=
<
H 0.00
= 0.00 20.00 40.00 60.00 80.00 100.00 120.00
E Flame Radial Distance, mm
£
E 4.00
& o
3.00 c): Swirl Vane Angle S =45°
2,00
100
0.00
0.00 20.00 40.00 60.00 80.00 100.00 120.00

Flame Radial Distance, mm

Published by Arab Journals Platform, 2023



Journal of Engineering Research, Vol. 7 [2023], Iss. 6, Art. 10

Journal of Engineering Research (ERJ
©Tanta University, Faculty of Engineering

ISSN: 2356-9441 Vol. 7 — No. 6, 2023

e ISSN: 2735-4873

§=60° & o = 90°
—.— . = 0.96
—dh— ¢, = 080

—p— p,, = 0.70
—XE— ¢, = 0.60

Concentration of CO , %
k

0.00
0.00 20.00 40.00 60,00 80.00 100,00 120.00

Flame Radial Distance, mm

d): Swirl Vane Angle S = 60°

Figure 11: Premixed flame CO emissions data for different Swirl
Vane Angle at different Equivalence Fuel — Air Ratio

Figures 12a, 12b, 12c, and 12d illustrate the
overall mean unburned hydrocarbon UHC (mg/cm?)
distribution ranged from 2.24 to 0.40 mg/cm® and
maximum UHC 2.28 mg/cm? UHC distribution ranged
from 210 to 0.40 and maximum UHC2.2; UHC
distribution ranged from 1.86 to 0.325 and maximum
UHC 1.94; UHC distribution ranged from 1.60 to 0.325
and maximum UHC 1.65 at swirl vane angles 20°, 30°, 45°,
and 60° respectively. It is observed that the increasing in
the secondary air ratio decreases the UHC.

The figures depict the flow is characterized by
maximum heat release occurs off the combustor center
line. As the swirl vane angle increases, time dilution and
temperature increased and consequently UHC emissions
levels increase. When swirl vane angle increased from 20
to 60, fast reduction in UHC emissions. This was
apparent for the whole range of operating equivalence
ratios.The UHC emissions decrease with increasing swirl
vane angle.
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Figure 12: Premixed flame UHC emissions data for different Swirl
Vane Angle at different Equivalence Fuel — Air Ratio

The impact of different swirl vane angles on
premixed turbulent flame propagation and emission
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