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ABSTRACT
This study evaluates a method of using a solid body with a special aerodynamic shape to redistribute the burner’s peak temperature region in the flame. 
This method extends the low-temperature range and suppresses thermal nitric oxide formation by numerical simulation. The model used for this purpose is 
a 7-fin fan blade with a bluff body for generating the wake region downstream of the cylindrical combustion chamber. The results are validated using the 
static temperature reported in the published paper for the burner without inserting a solid body in the flame region. There was a good agreement between 
experimental data and those calculated by applying the model for industrial application. The results cover the fin blades’ axial distance and fins’ axial length 
parameters in the wake region. Also, the right fins’ axial distance and axial length in the downstream combustion flow were calculated by extracting the 
maximum axial length of the wake region. The burner’s efficiency improved by 2.5% when installing a solid body burner. Moreover, NOx emission was 
investigated for 130 cases of numerical models related to the fins’ axial length and axial distance parameters. The results indicated a decrease of 33.6% in 
NOx parts per million value, which was calculated for the selected inserting solid body burner in the flame region.

Keywords: Numerical Simulation, In-Flame Fin Insertion, NOx 
Reduction, Combustion, Burner 

Introduction
The current quality outline has been considered an effective 
and tenable alternative for strength creation and alleviation of 
contaminant emissions in exhaustive industries. In recent ages, 
waste heat improvement and waste stream fixed price as fuels 
have been presented as hopeful substitutes for reconstructing the 
effectiveness of result processes[1,2].

Combustion processes are among the main determinants for air 
contaminants such as NOx, SO2, and articulate matter [3]. NOx 
is caused during the combustion process in an extreme heat 
domain(Nabi, 2010) and is known as a source of big air dirtiness 
that produces gases forming the atmosphere when it reacts with 
light for 24 hours 5].

Thermodynamics, action, and transport phenomena are strongly 
mixed training in the combustion process. These features may be 

expressed mathematically using the fundamental bulk, impetus, 
and energy preservation equations [6].

The new combustion systems will be needed in industry using 
energy resources and the environment. Special expertise with 
affordable prices is required for designing these new combustion 
systems. Computational Fluid Dynamics (CFD) is a highly 
useful approach to overcome the costs of exploratory tests. The 
CFD method is very effective and spans a range of technical 
and non-mechanical request areas and large-scale combustion 
applications. Increased CPU cost demands are due to model 
specifications and a large span of scales in the geometry [7].

The CFD method has been confirmed to be a very beneficial 
tool for supplying valuable facts about the operating processes 
in furnaces [8]. Numerous new flamelet models have been 
developed and investigated  since Peters introduced the original 
flamelet model [9-13]. The turbulent non-premixed hydrogen and 
hydrocarbon flames are studied through numerical simulation 
[14]. Employing CFD modeling as a major engineering design 
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tool for burners reduces time to market [15]. In particular, it 
enables recent progress in high-performance computing to 
simulate high levels of complexity of burner geometries [16,17].  

Based on the mentioned points, this research proposes a numerical 
study of the effects of inserting the aerodynamic solid body fin 
shape. The variables used in this model are the fins’ axial length 
and fins axial distance from the flame in combustion distribution 
and combustion effect. The advantage of this method is that it is 
possible to calculate many combustion parameters that are not 
possible with experimental methods. In this respect, placing the 
sensor in the flow field that experimentally measures the fluid 
parameters will affect the fluid flow field, and the validity of the 
results will be far from the real state [18,19]. 

Accordingly, the fluid flow, temperature field distribution, 
efficiency, and NOx are explored to judge the effect of its 
combustion through ANSYS Workbench software simulation. 
The research results have certain reference values for the 
combustion distribution of gas burners by inserting aerodynamic 
solid bodies in the field of gas burners [20].

Method
This study investigates the application of a solid body through 
the 3D numerical simulation of the flame temperature field 
compared to the ordinary combustion chambers’ temperature 
field. This technique depends on using an aerodynamic solid 
body with a symmetrical cross-section shape in the flame region 
of the combustion chamber. The aerodynamics of a solid body 
redistribute flame temperatures to reduce thermal no-formation.  
This method aims to decrease the peak temperature and suppress 
the thermal nitric oxide formation concerning the normal 
combustion process. In the numerical model, the downstream of 
the cylindrical test section is equipped with the 7 fin fan blades 
and the bluff body for generating the wake region. The geometry 
of the solid model body used in the fluid combustion flow field 
is in the form of 7 fin fan blades with constant thickness, which 
are located around the center of a circle. These 7 fin fan blades 
are placed in the flow field such that their longitudinal axis is 
along the central axis of the combustion chamber. Also, they are 
placed in the flow field after the bluff body and wake region. 
The computational model of the combustion chamber, bluff 
body, and fin fan blade was set up in the commercial CFD tool 
of ANSYS Fluent using its built-in sub-models and algorithms.  
In the numerical models used for this research, the length of 
the symmetric 7-fin fan blades is variable. The distance from 
the bluff body is another parameter included in the analysis of 
the results of their effects. A total of 130 numerical models in 
three-dimensional mode and with defined variables are used 
in numerical analysis. The numerical results of efficiency, 
NOx parts per million (ppm), the mass average of the rate of 
thermal NOx, the mass average of the rate of prompt NOx, and 
molar concentration were compared with those for a normal 
combustion chamber.

Model for CFD Simulation
Figure. 1 illustrates a burner model with the bluff body 
dimensions and 7 fan blades used in numerical simulation. The 
axis of the conical bluff body with a blockage ratio of 0.6 and 
45℃ angle is located at the end of the premixed cylindrical 
region with a diameter of 80 mm for stabilizing the flame and 

preventing the flashback at high air temperature. A total of 7 fin 
fan blades with a thickness of 2 mm and variable axial length 
are located downstream of the test section and behind the wake 
region generated by the conical bluff body during the combustion 
process. The axial position of the fin fan blade is variable to 
find a suitable distance so as not to disturb the wake region in 
the combustion process. Figure. 1(a) presents the dimensions 
of the test section with a bluff body and 7 fin fan blades. Also, 
Figure. 1(b) provides the 3D isometric view of the burner and 
the location of the bluff body with fin fans.

Figure 1: Model of the burner with a bluff body and fin fan 
blades: (a) burner with the dimensions of the bluff body and 7 fin 
fan blades and (b) Isometric view of the burner

The computational model of the combustion chamber was set 
up using the ANSYS Fluent software simulation tool. The fluid 
domain of the present study was simulated based on the premixed 
gaseous burner. A conical bluff body is used in numerical 
simulation to stabilize the flame. The premixed gaseous through 
the inlet of the burner with constant velocity magnitude is used 
in the CFD domain. Figure. 2 illustrates the 3D mesh generated 
for the burner system. The numerical fluid domain, including 
the bluff body and 7 fin fan blades, was mesh generated using 
the hexahedron-type volumetric element. Here, the number of 
volumetric elements was 1870464. The single block fluid mesh 
had a curvature size function with good cell quality specifications 
(0.25-0.71). The element shape was checked using the common 
measuring method based on the equivalent angle skewness, 
and the mesh quality parameters could be viewed as graphs. 
Figure. 2(a) shows a 3D mesh with boundary conditions used in 
numerical simulations. Figure. 2(b) demonstrates the grid used 
near the bluff body region. The mesh with excellent cell quality 
(0-0.25) was employed to capture all the relevant flow features 
behind the bluff body. The outcomes were validated by checking 
mesh independence. Figures. 2(c) and 2(d) show the structural 
grid used in the burner’s inlet and multi-block grid outlet.

Predicting the combustion process was more complex with heat 
transfer calculation from the wall. This process includes the 
treatment of phenomena such as free convection, conduction, 
and radiation, most of which were covered in this study. All the 
walls are set to no-slip adiabatic walls. When defining thermal 
conditions for the wall of the combustion chamber and the wall of 
the premixed tube, the thermal boundary conditions are as follows:
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q = 0						                   (1)

where q is the heat flux at the surface of the walls. The outlet 
boundary condition is set to atmospheric pressure.

Figure 2: A three-dimensional (3D) mesh-generated burner 
system: (a) 3D of the burner system with boundary conditions, 
(b) grid used near the bluff body region, (c) structural grid used 
in the inlet of the burner, and (d) multi-block grid in the outlet 
domain in the burner

The lack of comprehensive experimental data on the issues 
motivated us to validate the present work by comparing the 
published experimental research results. The combustion 
simulation for the burner without inserting a model of solid fins 
was performed in ANSYS FLUEN using κ-ε (turbulence) and 
eddy-dissipation (chemistry) models in steady-state conditions 
[21]. The pressure-based solver was used without any radiation 
mechanism for the walls and propane-air mixture materials. The 
solution method enabled the pressure-velocity coupling, and the 
gradient used least square-cell based. Turbulence kinetic energy, 
turbulence dissipation rate, and energy order upwind were used 
for pressure. The boundary condition of the bluff body and fins 
blades was adiabatic, and the no-slip condition was under free slip 
condition. Figure. 3 illustrates the full view of the 3D numerical 
domain and the location of the middle cross-section plane using 
static temperature contour in the middle cross-section plane of 
the burner CFD domain. Also, the color spectrum of predicted 
static temperatures and the location of temperature changes 
are shown on the two-dimensional cross-section relative to the 
coordinate axes Y-Z.

Figure. 4  compares the findings of the studies and published 
experimental results in axial distance measured in a line parallel 
to the flame centerline. The static temperature reported in the 
published paper by Abdelaal [22] was used for the burner 
without inserting a solid body to show the validity of using a 
finite volume model. Abdelaal reported an acceptable agreement 
between the results of the studies. Also, the exact mismatch 
of the temperature points in the results is because temperature 
measuring props are used to experimentally measure the 
temperatures in the desired points. Meanwhile, the temperature 
sensor’s placement will cause very small changes in the flow 
temperature field.

Figure 3: The static temperature contour in the middle cross-
section plane of the burner CFD domain

Figure 4: The curve of static temperature profile for burner 
studied by Abdelaal [22]. red solid line: Current model; green 
dotted line: results of Abdelaal [22].

Figure 5: Static temperature contour and the vortex field (wake 
region): (a) Static temperature contour in the middle cross-
section plane of the burner CFD domain and (b) vortex field 
(wake region) behind the bluff body in the middle cross-section 
plane of the burner CFD domain

Figure. 5 shows the static temperature contour and the vortex 
field (wake region) produced after the bluff body in the middle 
cross-section plane of the burner CFD domain [23]. Generally, 
inflow temperature and oxygen content affect the vortex 
shedding, flame vortex interaction, vortex structure, and the 
magnitude of the vortex formed in the wake region [24]. Figure. 
5(a) shows the high gradient temperature behind the bluff body in 
numerical simulation. According to Figure. 5(b), the maximum 
axial distance along the centerline for the wake region is 100 
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mm. This length is important for finding the best start location 
for inserting 7 fin fan blades in the direction of the centerline in 
the burner CFD domain.

Based on Figure. 5, it is found that downstream of the combustion 
fluid field, the maximum axial distance along the centerline for 
the wake area region of the stream is 10 cm.  Combustion flow 
has a complex nature such that there is an interference of the 
flows between 7 fin fan blades and the bluff body. Therefore, 
the effects of different 7 fins fan blade lengths and the starting 
placement of the 7-fin fan blades in the direction of the centerline 
flow field were investigated through numerical simulation. In the 
present study, the parameter fin axial distance changes between 
5 and 30 cm, and the parameter fin axial length changes between 
20 and 45 cm. Overall, 130 premixed combustion case models 
have been made in 3D and numerically solved. The solution 
results are compared by considering the results of the model 
without inserting a solid body in numerical simulations. The 
results of the product composition of the burner without inserting 
a solid body for  Nitrogen oxide concentration, Mass average 
of rate thermal no-formation, Mass average of rate prompt 
no-formation, and  Molar concentration of N2 are presented 
in Table 1. The mass average results are calculated using the 
volume integral method in all of the 3D CFD domains. Also, 
Nitrogen oxide concentration and molar concentration of N2 
are calculated using the surface integral method at the pressure 
outlet in the boundary of the control volume. In the following, 
the other models are evaluated using the product composition 
results from Table 1, with the burner inserted in the solid body. 

Table 1: Results of calculations for the burner without 
inserting solid body. 

Product Composition Unit Quantity
Nitrogen oxide concentration (ppm) 48.17443
Mass average of rate thermal 
no-formation

 kg mole/(m3-s) 6.61E-6     

Mass average of rate prompt 
no-formation

kg mole/(m3-s) 6.369E-10   

The molar concentration of N2 k mole/m3 0.022     

Results
Temperature Field
As mentioned in the modeling section, more than 130 burner 
cases with different fins axial lengths and fins axial distance 
geometries were numerically tested. The results were used to 
find the correct axial length and axial distance concerning the 
bluff body in the control volume of the burner to reach the 
final selection step. In this respect, the formation of thermal 
nitric oxides in normal combustion and 3D region shrinkage 
of the peak temperature with the flame middle medium in 
the lower range temperature (400 ℃ ton1300℃) are suitable 
issues. Therefore, the aim is to reduce the areas of the flow that 
have high-temperature values and lower the maximum peak 
temperature in the flow field by changing the fins’ axial length 
from the bluff body and their axial distance. Among the contour 
of static temperature results, we selected the contour of Static 
temperature on a middle cross-section plane relative to different 
fins’ axial lengths at the constant fin axial distance along the 
centerline (Figure. 6). As shown in Figures. 6(a), 6(b), and 6(c), 
by increasing the fins’ axial length from 20 cm to 32.5 cm, the 

peak temperature values decreased from 2200℃ to 1800℃. 
In addition, according to the previous result, the 3D region of 
high-temperature values around the fins model and near the 
burner walls gradually changed and decreased. Figures. 6(d), 
6(e), and 6(f) show that at a constant fin axial distance of 7.5 cm 
and increasing the fin’s axial length from 27.5 cm to 32.5 cm, 
the peak temperature value maintains its value around 1800℃. 
However, the high 3D gradient temperature region around the 
fins blade continues to decline with a sharper trend from 1800℃ 
(red color in Figure. 6d) to 1560℃ (Figure. 6f). In Figure. 6(e), 
the big part of the 3D region near the wall of the combustion 
chamber has a value of around 1500℃ (with orange color) and a 
higher temperature region (with a light red color) in front of the 
fins blade at a 1650℃ along the centerline.

Figure 6: Static temperature contour on a middle cross-section 
plane relative to different Fins axial length

In Figure. 6(f), the temperature of the 3D region near the wall 
declines to 850℃. Also, the dimension of the 3D region of a high-
temperature region with a light red color in front of the blade 
centerline becomes smaller with lower static temperature values 
equal to  1600℃. Based on these results, the appropriate choice 
for fin axial length is 32.5 cm, and the best installation position 
in the direction of the centerline in the burner is the distance 
of 7.5 cm from the end of the bluff body. Figure. 7 shows the 
contour of static temperature in the 3D CFD domain for the fins’ 
axial length of 32.5 cm and fins’ axial distance of 7.5 cm. Figure. 
7(a) shows the contour of static temperature on a middle cross-
section plane in the x and y direction. As can be seen, the flow 
field of the temperature and other parameters of the combustion 
fluid have a symmetrical pattern in the direction of the central 
axis in the downstream flow for all regions in the CFD domain. 
Figure. 7(b) shows the predicted gradient temperature values on 
the bluff body and inserting solid model in the CFD domain. 
The figure also presents the symmetrical behavior related to the 
downstream flow’s central axis for all CFD domain regions.
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Figure 7: The contour of static temperature in the 3D CFD 
domain for fins axial length 32.5 cm and fins axial distance 7.5 
cm: (a) contour of static temperature on a middle cross sections 
plane in x and y direction and (b) contour of static temperature 
on fins and bluff body solid model

Combustion Efficiency
Natural gas like PNG, LPG, and CNG are popular in the 
cooking and automobile industries. Generally, the burner with 
natural gas fuel has high combustion efficiency, often exceeding 
90%. Calculation of combustion chamber efficiency changes 
concerning fin axial length. In this respect, the axial position 
is among the other parameters investigated in this article. 
This parameter is compared with the ordinary burner without 
inserting a solid body in the flame region. The heat transfer 
exchange between the walls of the combustion chamber and 
the surrounding environment is limited. Here, the efficiency of 
the combustion chamber is measured using the net heat flux at 
the pressure outlet,  where it is possible to exchange heat with 
the outside environment. In our numerical model, it takes place 
through the exit of the combustion chamber. According to the 
quality of combustion and temperature changes in the flow field 
of the combustion chamber, the amount of heat lost through the 
outlet of the flow with the surrounding environment will vary 
with the fin axial length and fin axial distance from the bluff 
body. The combustion efficiency is calculated by deducting the 
flue gas heat losses from the maximum achievable 100% heat 
generated by the burner. The heat loss from the combustion 
chamber’s exit occurs in the burner. Accordingly, the efficiency 
of the combustion chamber can be calculated the efficiency 
of the combustion chamber is determined by calculating the 
percentage of the output heat compared to the heat produced. 
Figure. 8 depicts the results of the efficiency calculations for 
this cylindrical combustion chamber concerning two variable 
parameters: fin axial distance and fin axial length along the flame 
centerline. The efficiency of the combustion chamber for the 
state in the combustion chamber without inserting a solid body is 
calculated using the same method. In this case, the efficiency of 
the combustion chamber is equal to 97.85%. Figure. 8 exhibits 

the efficiency of the combustion chamber for all inserting solid 
bodies related to the fin’s axial length and fin’s axial distance. In 
Figure. 8(a), the fin axial distance changes between 5 and 30 cm, 
and the fin axial length varies between 21 and 45 cm. In Figure. 
8(b), fin fans with this particular aerodynamic shape are placed 
in the combustion flow field and within the numerical range of 
the specified parameters. As can be seen, this configuration has 
increased the efficiency of the combustion chamber compared 
to the combustion chamber without inserting a solid body. The 
burner’s minimum efficiency is 98.2% when inserting a solid 
body. The efficiency of the combustion chamber for inserting 
a solid body with an axial fin length of 32.5 cm and fin axial 
distance of 7.5 cm is 99.745%, which is a good value but not 
the maximum value. Moreover, the highest efficiency of the 
combustion chamber was extracted for the case where the fin’s 
axial length is equal to 27.5 cm, and its axial distance is 7.5 cm. 
In this case, the efficiency of the combustion chamber is equal to 
99.745 percent, which is the maximum value among all models.

Figure 8: The result of the efficiency calculation is relative to 
variable fin axial distance and fin axial length: (a) Results of 
the Efficiency relative to two variables and (b) Result of the 
Efficiency relative to fins axial length

NOx Formation During the Combustion Process
Nitrogen oxides are the most common contaminants in nature. 
The nitric group of chemical elements (NO) and nitrogen 
dioxides (NO2) are the principal nitrogen oxides in the climate 
and are usually referred to as NOX and inhaled anesthetic 
(N2O) [25-27]. Typically, NO is generated inside the reaction 
region, and the concluding corrosion of NO2 occurs in a post-
burn process out of the combustion domain [28-30]. Four main 
NO beginnings are caused in the burning process: thermal NO 
or Zeldovich system, prompt NO or Fennimore machine, fuel 
NO, and N2O. The main physiognomy of each NO composition 
system is debated in the following division [31].

The generation of thermal NO is consistent with the direct 
oxidation of nitrogen fragments. The three principal backlashes 
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of the thermal NO composition means are expressed as follows: 
N2+O2↔NO+N				        	             (2)
N+O2↔NO+N					                  (3)
N+OH↔NO+H					                  (4)

Thermal NO or Zeldovich system is created throughout the 
combustion process.  Eqs. (2) and (3) show that N2 and O2 form 
the chain reproducing steps known as the Zeldovich machine. The 
rate confining response in NO composition is the N2+O↔NO+N 
backlash. Thermal NO is very weak on hot nesses above 1500℃. 
The formation rate promptly increases, increasing the temperature 
due to extreme separation energy [32,33].

Figure. 9 shows the mass average of the rate of thermal no-
formation in the entire burner control volume due to the heat 
accumulation related to the variable fins’ axial length and its 
axial distance from the bluff body in all of the 3D CFD domains. 
Also, the high-temperature environment promotes the thermal 
no-formation. According to Figure. 9(a), the low no-formation 
rate (1.7E-09 - 4.47E-06) kg mole/(m3-s) is calculated for 
burners with fins axial distance smaller than 10 cm and fins axial 
length lower than 35 cm. This observation is in agreement with 
the temperature distribution results in Figure. 6. The minimum 
formation rate for thermal NOx appears near the wall of the 
burner. By closing the wall fins along the centerline, thermal 
NOx formation increased gradually due to the high-temperature 
gradient (Fu et al., 2020).  For the burner without inserting fin 
blades, the value of the mass average of the rate of thermal no-
formation is 6.61E-06 kg mole/(m3-s). Meanwhile, for the burner 
model with fin axial length is 32.5 cm and the fin axial distance 
is 7.5 cm. As shown in Figure. 9(b), the mass average of the rate 
of thermal no-formation is decreased to 2.88E-07 g mole/(m3-s).

Figure 9: Mass average of the rate of thermal no-formation: (a) 
Mass average of the rate of thermal no-formation versus fins 
axial length and fins axial distance and (b) Mass average of the 
rate of thermal no-formation versus fins axial length

Although NOx could be found pretty early in the flame zone, 
the production of prompt NOx occurs in less quantity than the 

production of thermal NOx (Lefebvre and Ballal, 2010)[36]. 
Prompt NOx generates a more noteworthy effect on the generation 
of NOx for lean premix combustion. Figure. 10 shows the mass 
average of the rate of prompt no-formation in the entire burner 
control volume for reaching the premix combustion process 
(equivalence ratio=0.9). Figure. 10(a) presents the calculated 
low prompt no-formation rate (1.35E-012-6.652E-10) g mole/
(m3-s). As can be seen, when the increase in fin’s axial length 
is smaller than 20 cm and fin axial distance is smaller than 7.5 
cm, the minimum values a mass average of rate of prompt no-
formation increased. For burner with fins axial distance smaller 
than 7.5 cm and fins axial length lower than 32.5 cm, the value 
of Mass average of the rate of prompt no-formation is equal 
to 6.13E-10 g mole/(m3-s). For the case of the burner without 
fin blades, the value of the mass average of the rate of prompt 
no-formation is 6.369E-10 kg mole/(m3-s). Also, for the burner 
model with  a fin axial length of 32.5 cm  and a fin axial distance 
of 7.5 cm, the mass average of the rate of thermal no-formation 
is 6.13E-10 kg mole/(m3-s) (Figure. 9b).

Figure 10: Mass average of the rate of prompt no-formation: 
(a) Mass average of the rate of prompt no-formation versus fins 
axial length and fins axial distance and (b) Mass average of the 
rate of prompt no-formation versus fins axial length

Nox Parts Per Million (Ppm)
In the combustion process, nitrogen oxides (NOx) are generated 
by reacting between atmospheric nitrogen and oxygen. Generally, 
nitrogen oxides refer to the sum of the concentrations of 3 terms: 
either nitrogen dioxide and nitric oxide (NO) or nitrous oxide 
(NO2). In the combustion of fuel gases, the air level dilutes the 
NOx percentage. Therefore, many authorities have chosen a 
standardized flue gas oxygen reading for which NOx readings 
are corrected. Generally, NOx is measured by an instrument in 
ppm. This parameter is calculated using the combustion outlet’s 
fluid flow output [37]. Figure 11 shows the Nitrogen oxide 
concentration (ppm) at the burner outlet related to the fins axial 
length and fins axial distance. The decline in NOx concentration 
can be related to the warm instrument of the nitrogen oxides 
arrangement, which is essentially related to temperatures lower 
than  1400℃ [38]. Also, the NOppm is computed from Eq. (5), 
which is the dry ppm. Therefore, the value is normalized by 
removing the water mole fraction in the dominator.
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		              (5)

According to Figure. 11(a), the 31.96 ppm value of the 
combustion chamber was extracted for the case. Here, the fin 
axial length is 32.5 cm, and the fin axial distance is 7.5 cm. Also, 
the lowest concentration (i.e., 0.193 ppm) is obtained for the case 
where the fin axial length is 25 cm and the fin axial distance is 
12.5 cm. For the case of a burner without inserting a solid body, 
the NOppm is 48.17443. Based on the values in Figure. 11(b), a 
33.66% reduction in NOppm was calculated for the selected model 
(fin axial length is 32.5 cm and fin axial distance is 7.5 cm).

Figure 11: Nitrogen oxide concentration (ppm) at the outlet 
of the burner: (a) Nitrogen oxide concentration versus fins 
axial length and fins axial distance and (b) Nitrogen oxide 
concentration versus fins axial length

Figure 12: The molecular concentration of N2 at the outlet of 
the burner: (a) Molecular concentration of N2 versus fins axial 
length and fins axial distance and (b) Molecular concentration of   
N2 versus fins’ axial length

Molecular Concentration Of N2 
From the view of the air composition, the comparatively high 
concentration of N2 in the outlet of the burner is the main reason 
for the decline in NOx emissions [39]. Figure. 12 illustrates 
the molecular concentration at the burner outlet in numerical 
simulation and the surrounding environment through the 

combustion chamber exit. Based on NOx emission results in 
Figure. 11, the molecular concentration at the outlet of the burner 
is shown in Figure. 12. This figure shows the variables of fins’ 
axial length and fins’ axial distance. The molar concentration 
for the model with fins axial length of 32.5 cm and fins axial 
distance of 7.5 cm is equal to 0.005206317   Figure. 12(b). For 
the model of a burner without inserting a solid body, the molar 
concentration at the outlet of the burner is 0.022 k mole/m3. 
Therefore, if the combustion chamber is used with the fin fan 
blade, the pollution of nitrogen compounds in the combustion 
process is much less (Figure. 12a)[40].

Conclusion
This research investigates the effects of inserting an aerodynamic 
solid body with the shape of a 7 7-fin fan blade in the combustion 
chamber flame region. Also, it discusses the impact of variable 
fin length and variable distance from the bluff body along the 
centerline on the combustion chamber temperature flow field 
and NOx. According to the results, inserting a solid body in the 
combustion chamber is an effective method for redistribution of 
temperature field and NOx reduction compared to the ordinary 
combustion chamber without inserting a solid body. The suitable 
values of fin length and fin distance of the inserting solid from the 
bluff body in the combustion chamber flow field are important for 
increasing the maximum efficiency and NOx reduction from the 
out-flow combustion chamber. Under the same conditions and 
related to the ordinary combustion chamber without inserting 
a solid body, the efficiency of the combustion chamber for 
inserting a solid body with an axial fin length of 32.5 cm and fin 
axial distance of 7.5 cm has improved by 2%. Also, a decrease 
of about 33.66% in the value of NOx (in ppm) was calculated 
for the selected model. The NOx produced by inserting an 
aerodynamic solid body is less than that of the non-use of 
inserting a solid body burner during the combustion process. The 
combustion peak temperature decreases, and the concentration 
increases at the outlet where the solid body combustion chamber 
is inserted. Based on the previous conclusions, inserting an 
aerodynamic solid body with suitable dimensions is important 
for NOx production and influence. Installing the solid body in 
the cylindrical ordinary burner is not very difficult. However, 
gas pollution reduction is important in producing natural gas, 
and inserting an aerodynamic solid body is an important way 
to reduce NOx. For future research, we will carry out deeper 
research on the other dimension parameters, such as the 
aerodynamic shape and position of inserting solid body. The 
research results will be used to achieve a greater reduction of 
emissions of pollutants. Furthermore, they can be used to adapt 
the standards for the new manufacturing combustion chambers 
with more advanced global pollutant standards and stricter 
regulations.
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