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Abstract. Low NOX combustion technology is taken more and more seriously. A new type of 
flue gas self-circulation low-NOx combustion structure was preliminary designed in this paper.  
The 3D model was established. Using the probability density function (PDF), a comparison of 
this data with the result of experimental can verify the feasibility of the selected calculation 
model. In addition, the numerical simulation of the small-sized flue gas self-circulation diesel 
burner’ combustion process was investigated. The results show that: At the exit of the burner 
head, radial velocity distribution presented a "W" type substantially, the tangential velocity was 
an inverted "V" type distribution, and those two kinds of velocity both are tend to smooth 
attenuation till the distal end axially. Near the central exit of new burner, the recirculation zone 
becomes larger, mainly in the width direction. And circumfluence areas existed in the annular 
ostial of the outer cylinder. Back flow of flue gas increased. The flame length was shortened 
and a low NO emission was accomplished.  

1. Introduction 
At present, the emission standard of the oil burner is higher and higher in each country. Low NOx 
emissions burner is researched through various means and methods.  

For light oil combustion, oil needs to be atomized prior to ignition. This is an evaporative 
combustion. the present study shows that[1] a good combustion state can be achieved through high-
quality atomization and reasonable air distribution, and the matching degree of them determines the 
status of combustion. For a relatively complex structure of burner, Wu Defei et al.[2-3] accurately 
measured flow field, the temperature field and the distribution of the components by numerical 
simulation method. In terms of spray combustion research, the velocity field, temperature 
characteristics and distribution of the components play an important role. 

NOX produced when the light diesel is burned, more than 90 percent of which is NO[4]. The two 
primary modes of NO formation are as follows: One is the thermal-NO, which refer to the nitrogen 
from the air oxidizes; the other is fuel-NO, which is produced from nitrogen contained by oil. At lower 
temperatures, NO can be oxidized to NO2. nitrogen content of light diesel oil is generally not more 
than 0.1%, so the main pollutants NOX which produced during combustion is thermal-NO[5].  

In addition, the literature shows that the backflow zone has a great influence on of NO emissions, 
which depend on the negative pressure making the flue gas emissions of the secondary combustion 
can obviously reduce the NO[6-10]. Xiao Zhen[11], Li Hong[12], Xia Dehong[13] and other scholar 

http://creativecommons.org/licenses/by/3.0


4th International Conference on Energy Equipment Science and Engineering

IOP Conf. Series: Earth and Environmental Science 242 (2019) 022022

IOP Publishing

doi:10.1088/1755-1315/242/2/022022

2

 
 
 
 
 
 

also studied some issues about small gas-fired, methane ejector burner and the flue gas from the 
circulation by numerical simulation and experimental methods. These studies had found that the 
temperature of the furnace will reduce NO emissions. 

A new pint-sized burner structure with self-circulation of flue gas was designed in this paper, to 
reduce the temperature of the flame's high-temperature reaction zone and enhance quantity of flue gas 
reflux. Based on this structure, combustion characteristics of the light diesel oil burner were analyzed 
using numerical simulation method. 

2. Burner model and numerical method 
To enhance the reflux of high-temperature flue gas, in the new-style burner, an outer cylinder is over 
the flame holder. There is a 7.5mm wide annular outlet in outer cylinder of the combustor along the 
axial direction. Change the inner cylinder edge to a necking structure. features of this structure is that 
it can return the flue gas to the interior of combustion tube through annular opening, which taking 
advantage of the ejection action of peripheral airflow. A simplified Structure diagram of the 
combustion head as shown in figure 1. The air distribution devices both prototype burner and new 
burner are a swirl stabilizer with opening groove 45° as shown in figure 2. 

                   
Figure 1. Structure of burner head.             Figure 2. 3D structural drawing of flame holder. 

To reduce the computational expense, 1/5-periodic boundary conditions model was used. The 
combustion chamber of new burner structure is consistent with prototype burner. A meshing schematic 
model of the combustion chamber as shown in figure 3: 

 
Figure 3. Meshing computation model. 

For an initial design parameters and iteration adaptive, the common standard k-ε turbulence model 
was adopted[14]; The heat transfer process between the droplets particles and the gas phase were 
calculated with the coordinates of discrete optical radiation (DO) model[15] which are applicable at all 
scales; the combustion model adopt a simplified PDF model[16-17], It is based on the DPM model[18] 
and numerically simulates the droplet distribution and flow trajectories by coupling calculation of 
liquid and the gas phases; contaminant model adopt NOx generation model[19], wherein the 
generation of thermal-NO can be predicted by extended Zeldovich’s mechanism. Light diesel fuel 
component may be simplified into a single component C12H23. the flame front is defined by calculating 
stoichiometric mixture fraction[20].  
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In this article, the mass flow rate of diesel was 7.222×10-4kg/s. Calculating from the conservation 
of chemical mass, the theoretical air consumption was 0.010534kg/s. Chemical equivalent mixing 
fraction is 0.064. 

3. Results and discussion 

3.1 Model validation and grid independence test 
The temperature and flame length were compared with that for prototype[21], both being in good 
agreement (figure 4 and 5). It can be seen that the flame temperature distribution of simulated result 
was substantially uniform with in the literature. In the same sites, there is a primary reaction zone and 
a secondary high-temperature reaction zone, corresponding with experimental result. The maximum 
simulation temperature of the flame is 1834K, the maximum value of experimental 1773K, it’s within 
the error rang. And experiment flame length was about 455mm, numerical value was 483mm. 
Comparing the results, error is 6.15%. Applicability of the model was verified. 

In this paper, the model is divided between 100,000 to 400,000 number grids, we found that after 
the maximum temperature and NO emissions are consistent when the grid is greater than 170 000. As 
a consequence, the grid-independent was verified. In numerical simulations of this work, the amount 
of mesh was 199 000. 

                             
Figure 4. Simulated temperature field.            Figure 5. Simulated contour of mean mixture fraction. 

3.2combustion head outlet velocity field analysis 
The cross-section locations of new burner head and chamber are marked, as shown in the figure 6. 
Velocity vector diagram in the burner head region is illustrated in figure 7.  

 
Figure 6. Sections of the burner head and combustion. 
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Figure 7. Velocity vector inside of burner head.          Figure 8. Distribution of axial velocity. 

The combustion head region has two recirculation zones. A central recirculation zone can be 
clearly seen in the velocity contour. This primary recirculation zone becomes larger than prototype, 
especially in the width direction. It plays an important role in ignition and combustion stability. The 
other recirculation zone exists in the annular opening, where exist a necking structure. This is due to 
the ejecting airflow of the secondary edge wind. The velocity is increased abruptly at the location of 
necking structure, simultaneously quantity of flue gas reflux rises up significantly.  

Figure 8 refers to the axial velocity diagram of combustion head region. There is a negative 
velocity in the radial direction (15 ~ 25mm). Through the axial velocity profile, it can be seen that the 
flue gas recirculation zone is constituted by two rotating opposite swirl vortices over the radial slot of 
flame holder. Furthermore, there is a larger secondary peak velocity in the radial direction (30 ~ 
35mm), which enhanced reflux of flue gas and backflow area. In consequence, the flame stabilization 
can be enhanced obviously.  

              
Figure 9. Distribution of radial velocity.        Figure 10. Distribution of tangential velocity. 

The figure 9 is radial velocity of Each sections in burner head region. Radial velocity distribution 
of the combustion head portion is generally consistent with "W" shaped profile with the bottom value 
offsets to the interior direction as z increases, which is also due to ejecting airflow of the secondary 
edge wind at the necking of the structure. At the sectional surface of z = 36mm, valley value has a 
maximum because of the maximum reflux valley was appeared in this cross-sectional area. With the 
value of once peak of increases with increasing height of z. This is because as height increasing, reflux 
weakened, the radial velocity increases. However, the radial velocity tends to flat due to the smaller 
and smaller axial momentum along the axial direction to the distal end.  

The figure 10 is tangential velocity distribution in burner head region. Tangential velocity was 
"inverted V" shaped profile. Tangential velocity tends to leveling off along the axial direction to the 
distal end because of weakening the axial momentum. maximum value of tangential velocity present 
to this region of R = 20 ~ 30mm, which are attributed to the swirl slot of the flame stabilizer. 

On the whole, fame stabilizer and the annular opening had a direct influence on air distribution and 
flow characteristics. Velocity profile at the exit of the flame plate directly determines the 
characteristics of the flame stability and reflux. 
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3.3NO distribution and emission 
NO volume concentration (in ppm) are distributed as follows as shown in figure 11 and 12. 

 

 

 
Figure 11. Distribution of axial 

concentration of NO. 
 Figure 12. Distribution of radial concentration 

of NO on the section of z = 36mm. 
NO concentration gradually increases along the axial direction to the high temperature zone, 

mainly in the secondary high-temperature reaction zone of flame extreme. In the recirculation zone of 
the burner head, NO is reflowed and burned with the flue gas reflux as a result of NO concentration 
reduces greatly. As is apparent from the description, the NO concentration in the burner head region is 
substantially zero, the concentration gradually increasing along the axial direction to the high-
temperature zone. the largest NO concentration appeared in the secondary high-temperature reaction 
zone. This is also due to the main influencing factors is temperature. vast proportion of thermal-NO is 
first. The maximum concentration of NO in the combustion chamber is 9.47ppm, the average NO 
concentration at the outlet face is 8.08ppm. Such emissions are far below the national emission 
standards. 

4. Conclusion 
This paper mainly investigated the combustion characteristics of a new small-sized flue gas self-
circulation diesel burner by numerical simulation. The main conclusions are as follows are as follows: 

(1) A standard k-ε model, the discrete phase, PDF model, DO radiation model and periodic 
boundary conditions were adopted to simulate the Flow field, flame and NO generation of new burner 
in a closed combustion chamber. And the result was compared with the experiment in the literature. 
The reliability of the model was verified.  

(2) Two reflux zones exist in annular openings and above radial slot, respectively. the radial 
velocity at the outlet of the burner head has a substantially "W" type profile, tangential velocity 
distribution tends to inverted "V" type. Both the two kinds of velocity tend to flatten axially. 

(3) NO was concentrated in the terminal vicinity of the flame high- temperature zones. The NO 
emissions of the new burner are below 10ppm. 
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