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Introduction

There are several requirements that must be 
considered when designing a new gas turbine 
combustion chamber especially to meet the 
stringent regulation regarding emissions level from 
the exhaust. These requirements include stability 
limits, high combustion efficiency, high intensities 
of heat release, low burner pressure drop and low 
emissions production from the combustion processes  
such as NO and CO [1]. One-way to achieve this, 
is the use of swirling air flow. Swirling flow is used 
for the stabilization and control of  the flame and 
to achieve a high intensity of combustion.

Radial and axial swirlers are most common 
swirlers to generate central recirculation region 
(CRZ) in primary zone of combustion process in a 
gas turbine combustor. In this study we performed 
all the numerical simulations, on the axial swirler. 
The most common method of generating swirl 
is, by using curved and flat vane swirlers in axial 
swirlers. One advantage of flat vanes is that they 
are cheap and easy to produce. Moreover, the flow 
striations associated with flat-vane swirlers, which 
are created by the stalled regions attached to each 
vane, tend to promote a more stable flame and 
reduce combustion noise. Another asset of the flat-
vane axial swirler is that its exit velocity profile is 
less peaked and less biased radially outboard than 
that of the corresponding curved-vane swirler [2]. 
In consequence, it provides better aeration of the 

UDC 629.735

MASOUD HAJIVAND
National Aerospace University named after N. E Zhukovsky “KhAI”

EFFECT OF AXIAL SWIRLER PARAMETERS ON A METHANE-
AIR COMBUSTION CHARACTERISTICS AND FORMATION OF 

NITROGEN OXIDE
CFD simulation of none-premixed methane-air combustion is performed. The purpose of this 

paper is to provide information concerning the effect of geometry of axial swirler vanes on the 
exhaust gas emissions of oxides of nitrogen (NO), for a can combustor of gas turbine engine. 
Effects of different swirler vane angles on NO formation, are shown. Air swirler adds suffi cient 
swirling to the inlet fl ow to generate central recirculation region (CRZ) which is necessary for fl ame 
stability and air-fuel mixing enhancement. Therefore designing an appropriate air swirler is a challenge 
to produce stable, effi cient and low emission of combustion with low pressure losses. Five axial fl at 
vane swirlers with 20°, 30°, 45°,  55°, and 60° vane angle corresponding to swirl number of 0.28, 0.444, 
0.769, 1.1 and 1.33 respectively, were  used  in this analysis to show vane angle effect on the internal 
fl ow fi eld, temperature fl uctuations and formation of NO. The simulation has been performed using 
the Computational Fluid Dynamics (CFD) commercial code ANSYS CFX release 16, includ-
ing laminar flamelet model, for simulating the methane combustion mixing with air .k-ε model 
was also investigated to predict the turbulent combustion reaction. A thermal and prompt NOx 
formation is performed for predicting NO emission characteristics. 

Key words: Computational Fluid Dynamics (CFD), swirl number, oxide of nitrogen, emis-
sion, flame stabilization

 Masoud Hajivand, 2015

main soot-forming zone, which is normally located 
just downstream of the fuel injector [2].On swirling 
flows shows that curved vanes are more efficient 
aerodynamically than flat vanes. This is because 
they allow the incoming axial flow to gradually 
turn, which inhibits flow separation on the suction 
side of the vane. Thus, more complete turning and 
higher swirl- and radial velocity components are 
generated at the swirler exit, which results in a 
larger recirculation zone and a higher reverse flow 
rate Most conventional combustor employs the axial 
flow type swirlers.[2]

Swirling flow induces a highly turbulent 
recirculation zone,  which  stabilizes the flame 
resulting in better  mixing and combustion (Gupta 
et al.,  1998). It has been suggested that the large 
toroidal recirculation zone plays a major  role in 
the flame stabilization process by acting as a store 
for  heat and chemically active species and,  since it 
constitutes a well-mixed region,  it serves to transport 
heat and mass to the fresh combustible mixture of 
air  and fuel (Judd et al.,  2000).

Since the early times swirling flows have been 
employed to establish a recirculation zone which 
entrains the hot combustion products and creates a 
low velocity zone of sufficient residence time and 
turbulence levels such that the combustion process 
becomes self-sustained.[3].

The presence of swirl results in a rapid rate 
of mixing between the incoming air  and fuel
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which reduces the flame temperature and hence 
lowers NOx formation. It is also well known
that coaxial air provides a significant reduction 
of the NOx emission index of a simple jet
f lame, since it shortens the f lame length and 
reduces the residence time for thermal NOx to be 
produced [4,5]. 

1. Swirl number

The level of swirl or  swirl strength can be 
represented in term of swirl number  which is 
defined as the ratio between axial flux of the angular  
momentum to the axial momentum [2],  which can 
given as:

 

  (1)

where   and r are the tangential and axial 
velocity components,  density and radius respectively. 
For  a flat vane axial swirler,  the swirl number  is:

 

 (2)

where the  inner radius is ri  and outer radius is ro  

and  is the vane angle [2].
For  values of swirl number  less than around 0.4,  

no flow recirculation is obtained,  and the swirl is 
described as weak. Most swirlers of practical interest 
operate under  conditions of strong swirl (that is,  
SN > 0.6).

For a simple axial swirler, the minimum vane 
angle required to obtain strong recirculation 
(SN > 0.6) for a typical swirler having Dhub/Dsw = 0.5 
is calculated from Equation 4.36 as 38°. A simple 
geometrical parametrs of axial swirler is shown in 
Fig. 1 [2].

Fig. 1. Geometrical parameters of axial swirlers with flat 
vanes

2. Recirculation zone and swirler consideration

Air swirler introduces air tangentially into the 
combustion chamber, consequently the air is forced 
to change its path, which contributes to the formation 
of swirling flow. The balance in force could be 

demonstrated by the movement of static pressure in 
the combustion chamber and can be calculated by 
measuring the distribution of the tangential velocity. 
Low pressure in the core centre of the swirling flow 
is created and as a result, swirl vortex is formed [6].
The recirculation region in free swirl flow is shown 
in fig. 2.

Fig. 2. Recirculation zone in swirling flow [7]

As the level of applied swirl increases, the 
velocity of the flow along the centerline decreases, 
until a level of swirl is reached at which the flow 
becomes stationary. As the swirl is increased 
further, a small bubble of internal recalculating 
zone is formed. This, the vortex breakdown 
phenomenon, heralds the formation of large-
scale recirculation zone that helps in stabilizing 
the flame. It has been concluded [7,8] that the 
large torroidal recirculation zone plays a major
role in the flame stabilization process by acting as a 
store for heat and chemically active species and, since 
it constitutes a well-mixed region, it serves to transport
heat and mass to the fresh combustible mixture of 
air and fuel.

Previous researchers have studied the effect of 
varying the swirler blade angle, which in turn varies 
the swirl number, on combustion performance. 

Drake and Hubbard [9] studied the effect of 
swirl on completeness of combustion and discovered 
that there was an optimum swirl blade setting. 
Claypole and Syred [10] investigated the effect 
of swirl strength with swirler numbers of 0.63 to 
3.04, on the formation of NOx using methane as 
a gas fuel. They concluded that at swirl number of 
3.04, much of the NOx in the exhaust gases was 
recalculated back to the flame front. The total 
emissions of NOx were reduced, however, at the 
expense of loss in combustion efficiency. Mestre [11] 
compared the effects of swirling and non-swirling 
systems on combustion characteristics. He clarified 
that the existence of swirl improves combustion 
efficiency, decreases pollutant gas-emissions and 
increases adiabatic flame temperature. In addition 
he observed that a shorter blue flame was generated 
with the presence of swirl, indicating a good 
mixing, while non-swirling combustion resulted in 
a longer yellow flame as a result of poor mixing. 
Chigier concluded in his study that swirling flow 
could stabilize the combustion process and improve 
the mixing of fuel and air  as well; swirl flow affected 
the flame length,  size,  density,  and stability. An 
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important effect of swirl on the flow field is the 
generation of the recirculation zone or aerodynamic 
blockage, where adverse pressure gradient
occurs in the direction of the flow [1]. This vortex 
breakdown phenomenon occurs only if the strength 
of swirl is large enough. For a weak swirl (SN < 0.4), the 
slope of the axial pressure due to swirling motion is 
not big enough to produce an internal recirculation, 
whereas for a strong swirl (SN > 0.6), radial and axial
pressure slopes are formed downstream of the 
swirler exit plane creating a recirculation zone 
(Figure 3) in the axial direction [2].

Fig. 3. Axial velocity profile and swirl inside a strong swirl

3. Governing equations, combustion and NOx 
modeling

The mathematical equations describing the fuel 
combustion are based on the equations of conserva-
tion of mass, momentum, and energy together with 
other supplementary equations for the turbulence 
and combustion. The standard k-ε turbulence 
model is used in this paper. The equations for the 
turbulent kinetic energy k and the dissipation rate 
of the turbulent kinetic energy ε are solved. For non 
premixed combustion modeling. All the numerical 
simulation has been performed using the Compu-
tational Fluid Dynamics (CFD) commercial code 
ANSYS CFX release 16, including laminar flamelet 
model for modeling non-premixed methane-air 
combustion with 17 spices and 55 reactions.

In the flamelet model  chemical reaction rates 
are computed first (independent of the flow) and 
the relevant scalar properties are stored in lookup 
tables accessible by the flow solver. The instanta-
neous scalar properties ϕ (i.e., temperature, density, 
compositions) are represented as a function of the 
instantaneous mixture fraction Z and its variance Z′′2, 
and the scalar dissipation χ: ϕ = ϕ(Z, Z′′2, χ). Mean 
scalar properties are then computed by integrat-
ing the instantaneous ϕ over an assumed β-PDF, 
and the results are stored in the lookup tables. In 
the flamelet approach, transport equations for the 
turbulent kinetic energy (k), its dissipation rate 
(ε), enthalpy, mixture fraction Z, and its vari-

ance Z ′′2 (which is used to compute the scalar 
dissipation) are solved for each computational
cell. These values are then used to extract mean 
scalar properties from the chemistry lookup tables. 
The flow field properties are updated and itera-
tions continue until convergence criteria are met. 
The NOx formation model (based on thermal and 
prompt mechanisms) is also included. 

When modeling NOx formation in methane-
air combustion, the thermal NO and prompt NO 
are taken into account. In the simulation process, 
we solve the mass transport equation for the NO 
species, taking into account convection, diffusion, 
production and consumption of NO and related 
species. This approach is completely general, be-
ing derived from the fundamental principle of 
mass conservation. For thermal and prompt NOx 
mechanisms, only the following NO species trans-
port equation is needed:[12]

 
.
 
(3)

The source term  is to be determined for 
different NOx mechanism. YNO is mass fraction 
of NO species in the gas phase and D is effective 
diffusion coefficient.

5. Geometry of combustor-meshing-boundary 
condition

The model of our domain of simulation, is a 
can type of combustor. The geometrical sizes of the 
combustor, fuel injection, air swirler and the fuel 
inlet (methane) and oxidizer inlet (air) is shown in 
fig. 4a. Methane and air are entered in the domain 
separately.

The length of combustor is 327.19 mm and the 
height is about 105 mm .The inner diameter of 
the swirler is 22 mm and the outer is 46 mm. The 
thickness of swirler vane is 0.75 mm. Methane is 
injected from 6 holes which each of their diameter 
is 2.5 mm on the surface of  injection of 135 degree. 
The outlet diameter of combustor is about 73.5 mm. 
The 3D model of combustor and axial swirler are 
shown fig. 4b and fig. 4c. The model was meshed 
for simulating in a tetrahedrons meshing method, 
with about total number of 1015727 nodes, and 
4 068 000  total number of elements including 
prismatic layers around the walls of combustor, 
that are shown in fig. 5a and fig. 5b.

The different boundary conditions applied for 
flow analysis of gas turbine can-type combustion 
chamber in this investigation, which they are inlet 
mass flow rate for both fuel and oxidizer entering 
the domain , outlet average static pressure and with 
no slip walls. Boundary condition information are 
shown in table1. 
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a)

   
                    b)                            c)

Fig. 4. a)  The geometrical parameter  of combustor  and swirler  b)  3D model of whole combustor  c)  3D model of axial 
swirler

                                          a)                                                                                         b)
Fig. 5. a)  Tetrahedron mesh for  whole combustor  b)  detail view of tetrahedron mesh around the fuel injector  with prismatic 

layers

Table 1
Boundary condition information of combustor

Swirler vane angles (degree) 20 30 45 55 60
Swirl number 0.28 0.444 0.769 1.1 1.33

Operating pressure (atm) 4

Temperature entering in combustor [K]   450
Oxidizer mass  ow rate [ kg/s] 0.2

Temperature of fuel (K) 310
Fuel mass  ow rate [kg/s] 0.004
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6. Results and discussion of simulation-
(Temperature distribution)

All of 5 cases of simulation was performed in 
ANSYS CFX. The convergence criteria in this 
simulation was at the RMS residual type with the 
10-4 residual target. The physical timescale for 
this combustion simulation was 0.001[s]. All the 
simulation in 5 cases were converged successfully 
with solving the mass and momentum (U, V, W 
momentums), heat transfer (energy), turbulence 
(k-ε), mass fraction of NO, mixture fraction 
including mean and variance, temperature variance 
for predicting oxide of Nitrogen.

In order to achieve better mixing between fuel 
and air in a gas fuel combustor, turbulence flow 
must be generated to promote mixing. Turbulence 
energy is created from the pressure energy dissipated 
downstream of the flame stabilizer. In the radial 
swirler, turbulence can be generated by increasing 
the aerodynamic blockage or by increasing the 
pressure drop across the swirler. In fig.6 and fig. 7 
all the temperature and NO mass fraction counters 
and distributions are presented along the XY plane 
of combustor for 5 various swirler vane angles 
(20°, 30°, 45°, 55°, 60°) with swirl number of 0.28, 
0.444, 0.769, 1.1, 1.33. In fig. 6.a- with the swirl 
number of 0.28 the maximum flame temperature 
is 2242 K. The recirculation zone in this case, is 

weaker, compare to the other cases, which effects 
on flame structure as shown and this can  create 
the maximum flame temperature  in the center of 
combustor.  The maximum temperature in fig. 6 b 
- with the swirl number of 0.444 is 2239 K due to 
formation of recirculation zone and better air-fuel 
mixing. The shape and structure of the flame in 
this case in more uniform then the first case.In 
fig. 6 c - the swirl number is 0.769 with the vane 
angle of 45 degree. In this case of our study the 
maximum flame temperature is 2204 K. Due to 
a high swirl number here, obviously we can see a 
very stable and uniform flame structure because 
of a high quality of recirculation zone in the first 
zone of mixing and combustion. As we can see the 
formation of maximum flame temperature is closer 
to the combustor walls due to a high swirl number. 
In fig. 6 d - which we can say a very high swirl 
number of 1.1, the maximum flame temperature is 
2172 K which is lower than the 3 cases before due 
to a higher swirl number. The flame structure is 
uniform but the maximum temperature is formed 
close to the walls of combustor. And the last case 
in fig. 6 e - which has the 2188 K maximum flame 
temperature. In this case swirl number is 1.33 which 
is the higher in this study and due to a very high 
swirl number and recirculation zone the maximum 
flame temperature has been created like a stream 
closer to the walls.

  
   a)   b)

  
   c)   d)

Fig. 6. Temperature distribution contours along XY plane of combustor   in different axial swirler  vane angles: a)  20 degree; 
b)  30 degree; c)  45 degree; d)  55 degree; e)  60 degree 
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e)

Fig. 6. continue-Temperature distribution contours along XY 
plane of combustor   in different axial swirler  vane angles: 
a)  20 degree; b)  30degree; c)  45 degree; d)  55 degree; 

e)  60 degree 

7. Results and discussion of simulation-
(NO distribution)

NO distributions along the XY plane of combus-
tor are shown in fig. 7 in various swirl vane angles 
with various swirl number. As discussed in pervious 
section for temperature distribution along the com-
bustor, the minimum temperature was in fig. 6 d 

and fig. 6 e due to a high swirl number and a high 
recirculation zone for better fuel-air mixing and 
reducing the temperature. And it was obvious that 
the maximum flame temperature was in fig. 6 a-6 b 
and 6 c. Actually the maximum NO mass fraction 
in fig. 7 a with swirl number of 0.28 is 0.0002496 . 
The formation of maximum NO is occurred at the 
high temperature zone of combustion, where this 
zone situated at the center of combustion zone far 
from the combustion walls. Maximum NO mass 
fraction in fig. 7 b is 0.0003423 when the swirl 
number is 0.444. The formation of maximum of 
NO in this case is started closer to the fuel injector 
due to a higher swirl number comparing to the first 
case. The swirl number in fig. 7 c is 0.769 which has 
the maximum NO of 0.0001555 for the 45 degree 
swirl vane angles. Due to the extension of recircu-
lation zone along the Y plane closer to the wall of 
combustor. In fig. 7 d and fig. 7 e the maximum  
mass fraction is 0.00004451 and 0.00003,which 
is the minimum NO mass fraction is for fig. 7 e 
which has the 60 degree of vane angles with swirl 
number of 1.33 due to a high swirl number and 
recirculation zone. 

    a)  b)

 

    c)  d)

Fig. 7. NO mass fraction distribution contours along XY plane of combustor   in different axial swirler  vane angles: 
a)  20 degree; b)  30 dgree; c)  45 degree; d)  55 degree; e)  60 degree 
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e)
Fig. 7. continue-NO mass fraction distribution contours along 
XY plane of combustor   in different axial swirler  vane angles: 

a)  20 degree; b)  30dgree; c)  45 degree; d)  55 degree; 
e)  60 degree 

8. Outlet information table and flow stream-
lines

In Table 2. all the mass fraction and total 
temperature exiting from combustor  outlet and 
pressure drop  of various swirler  vane angle are 
present. In figure 8 flow streamline of central 
recirculation region (CRZ) along the XY plane of 
combustor  are presented for  all model of various  
swirl vane angles.  

Table 2.
NO mass fraction and total temperature exiting from combustor  

outlet and pressure drop  of various swirlers

Swir  vane angle 
(degree)

20 30 45 55 60

Outlet NO mass 
fraction  

Outlet total 
temperature (K)

1295 1293 1285 1283 1283

Pressure drop  % 1.0336 1.398 3.144 5.901 8.384

   a)  b)

   c)  d)

e)

Fig. 8. Flow streamline  of central recirculation region (CRZ) along the XY plane of combustor   in different axial swirler  vane 
angles: a)  20 degree; b)  30 dgree; c)  45 degree; d)  55 degree; e)  60 degree 
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9. The diagrams of distribution of  total 
temperature and NO distribution

The diagram of distribution of total temperature and 
NO mass fraction along the Y plane (axial distance),are 
shown in figure 9.   We can say that, these diagram 

of changes are the general view of variations and 
fluctuations of total temperature and concentration of 
oxide of nitrogen (NO) along our domain of calculation 
(can combustor).It is clear that temperature and NO 
variations along the combustor are different from other 
with various swirler vane angle.

 
   a       b
Fig. 9. a)  Total temperature distribution along the Y plane of combustor,  b)  NO mass fraction distribution along the Y plane 

of combustor

10. Conclusion

Swirling flow can increase combustor perfor-
mance by aiding the fuel-air mixing process and 
by producing recirculation regions which can act 
as flame holders. Therefore, to reduce emissions 
and to enhance performance the proper selec-
tion of a swirler is needed. The variation in the 
swirler vane angle has a significant effect on the 
flow pattern inside the combustor. These can be 
concluded from the overall streamline pattern, the 
mean axial and tangential velocity distributions, 
and turbulence intensity near the inlet. As the swirl 
number increases, the length and the diameter of 
the central recirculation zone increases while the 
size of the corner recirculation decreases (as shown 
in fig. 8). Furthermore, the turbulence strength 
represented by the turbulence kinetics energy also 
increases. On the other hand, the increase in the 
swirl number results in more losses in the total 
pressure(pressure drop) which will affect the com-
bustion performances.  

The main purpose in this study is to show the 
effect of the low and high swirl number on flame 
stabilization, temperature fluctuation and deter-
mination of NO distribution along the combustor 
especially on outlet (exit area) of our domain. 
The  results show that axial swirler with the vane 
angle of 20 degree and 0.28 of swirl number, has 
the maximum flame temperature of 2242 K and 
NO mass fraction of 0.0002496, due to a low swirl 
number and  weak central recirculation zone(CRZ), 
which cannot provide a good fuel-air mixing rate 
to perform an acceptable combustion process, but 
in this case the pressure drop is 1.03% which is the 
minimum pressure loose in this simulation for this 
type of swirler angle. 

In this study the minimum flame temperature 
(2172 K and 2188 K) and NO mass fraction of 
(0.00004451-0.00003) observed  in swirler with vane 
angle of 55 and 60 degree with the swirl number 
of 1.1 and 1.33. But despite this these 2 cases have 
the maximum pressure drop of 5.901% and 8.384%, 
which is a very high.

As observed, the 60  vane angle swirler was able 
to produce the strongest circulation and high-
est recirculated mass flow inside the combustion 
chamber but on the contrary it has the disadvan-
tages of the longest recirculation zone which makes 
the flame more susceptible to blow off and of the 
highest losses in total pressure. In the light of this 
discussion, it can be argued that, the 45° vane angle 
swirler could be considered as a compromise be-
tween turbulence production and pressure losses.  
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Ìàñóä Õàäæèâàíä. Âëèÿíèå ïàðàìåòðîâ îñåâûõ çàâèõðèòåëåé íà õàðàêòåðèñòèêè 
ãîðåíèÿ ìåòàíîâîçäóøíîé ñìåñè è îáðàçîâàíèå îêñèäà àçîòà

Âûïîëíåíî CFD ìîäåëèðîâàíèå ìåòàíîâîçäóøíîé ñìåñè áåç ïðåäâàðèòåëüíîãî ñìåøèâà-
íèÿ. Öåëü ýòîé ñòàòüè çàêëþ÷àåòñÿ â ïðåäîñòàâëåíèè èíôîðìàöèè î âëèÿíèè ãåîìåòðèè 
ëîïàòîê îñåâûõ çàâèõðèòåëåé íà âûáðîñ îêñèäîâ àçîòà (NO) äëÿ òðóá÷àòîé êàìåðû 
ñãîðàíèÿ ãàçîòóðáèííîãî äâèãàòåëÿ. Ïîêàçàíî âëèÿíèå ðàçëè÷íûõ óãëîâ óñòàíîâêè ëîïà-
òîê çàâèõðèòåëÿ íà îáðàçîâàíèå NO. Âîçäóøíûé çàâèõðèòåëü äîáàâëÿåò äîñòàòî÷íîå 
çàâèõðåíèå ïîòîêó íà âõîäå, ÷òîáû ãåíåðèðîâàòü öåíòðàëüíóþ îáëàñòü ðåöèðêóëÿöèè 
(CRZ), êîòîðàÿ íåîáõîäèìà äëÿ ñòàáèëüíîñòè ïëàìåíè è ïîâûøåíèÿ êà÷åñòâà ñìåøèâàíèÿ 
âîçäóõà è òîïëèâà. Ïîýòîìó ïðîåêòèðîâàíèå ñîîòâåòñòâóþùåãî âîçäóøíîãî çàâèõðèòåëÿ 
ÿâëÿåòñÿ âàæíîé çàäà÷åé äëÿ ïîëó÷åíèÿ ñòàáèëüíîãî è ýôôåêòèâíîãî ãîðåíèÿ ñ íèçêè-
ìè ïîòåðÿìè äàâëåíèÿ è íèçêèì óðîâíåì âûáðîñîâ. Â ýòîì àíàëèçå èñïîëüçîâàíû ïÿòü 
îñåâûõ ïëîñêèõ òèïîâ ëîïàòîê çàâèõðèòåëÿ ñ óãëàìè óñòàíîâêè 20°, 30°, 45°, 55°, 60°, ñ 
÷èñëîì çàâèõðåíèÿ 0.28, 0.444, 0.769, 1.1, 1.33, ÷òîáû ïîêàçàòü âëèÿíèå óãëà óñòàíîâêè 
ëîïàòîê íà îáëàñòè âíóòðåííåãî ïîòîêà, ôëóêòóàöèþ òåìïåðàòóðû è îáðàçîâàíèå NO. 
Ìîäåëèðîâàíèå âûïîëíåíî ñ èñïîëüçîâàíèåì ïðîãðàììû âû÷èñëèòåëüíîé ãèäðîäèíàìèêè 
(CFD) ANSYS CFX âûïóñê 16, â òîì ÷èñëå ëàìèíàðíîé flamelet ìîäåëè äëÿ èìèòàöèè 
ãîðåíèÿ ìåòàíà è k-ε ìîäåëè äëÿ òóðáóëåíòíîãî ãîðåíèÿ. Ôîðìèðîâàíèå òåðìè÷åñêèõ è 
áûñòðûõ NOx âûïîëíÿåòñÿ äëÿ ïðîãíîçèðîâàíèÿ õàðàêòåðèñòèêè âûáðîñîâ.

Êëþ÷åâûå ñëîâà: âû÷èñëèòåëüíàÿ ãèäðîäèíàìèêà(CFD), ÷èñëî çàâèõðåíèÿ, îêñèä àçîòà, 
ýìèññèÿ, ñòàáèëèçàöèÿ ïëàìåíè.

Ìàñóä Õàäæ³âàíä. Âïëèâ ïàðàìåòð³â îñüîâèõ çàâèõðèòåë³â íà õàðàêòåðèñòèêè 
ãîð³ííÿ ìåòàíîïîâ³òðÿíî¿ ñóì³ø³ òà ñòâîðåííÿ îêñèäó àçîòó

Âèêîíàíî CFD ìîäåëþâàííÿ ìåòàíîïîâ³òðÿíî¿ ñóì³ø³ áåç ïîïåðåäíüîãî çì³øóâàííÿ. 
Ìåòà ö³º¿ ñòàòò³ ïîëÿãàº â íàäàíí³ ³íôîðìàö³¿ ïðî âïëèâ ãåîìåòð³¿ ëîïàòîê îñüîâèõ 
çàâèõðèòåë³â íà âèêèä îêñèä³â àçîòó (NO) äëÿ òðóá÷àñòî¿ êàìåðè çãîðÿííÿ ãàçîòóðá³ííîãî 
äâèãóíà. Ïîêàçàíî âïëèâ ð³çíèõ êóò³â óñòàíîâêè ëîïàòîê çàâèõðèòåëÿ íà ñòâîðåííÿ NO. 
Ïîâ³òðÿíèé çàâèõðèòåëü äîäàº äîñòàòíº çàâèõðåííÿ ïîòîêó íà âõîä³, ùîá ãåíåðóâàòè öåí-
òðàëüíó îáëàñòü ðåöèðêóëÿö³¿ (CRZ), ÿêà íåîáõ³äíà äëÿ ñòàá³ëüíîñò³ ïîëóì'ÿ ³ ï³äâèùåííÿ 
ÿêîñò³ çì³øóâàííÿ ïîâ³òðÿ ³ ïàëèâà. Òîìó ïðîåêòóâàííÿ â³äïîâ³äíîãî ïîâ³òðÿíîãî çà-
âèõðèòåëÿ º âàæëèâèì çàâäàííÿì äëÿ îòðèìàííÿ ñòàá³ëüíîãî òà åôåêòèâíîãî ãîð³ííÿ ç 
íèçüêèìè âòðàòàìè òèñêó ³ íèçüêèì ð³âåíü âèêèä³â. Ó öüîìó àíàë³ç³ âèêîðèñòàí³ ï'ÿòü 
îñüîâèõ ïëîñêèõ òèï³â ëîïàòîê çàâèõðèòåëÿ ç êóòîì óñòàíîâêè 20°, 30°, 45°, 55°, 60°, ç 
÷èñëîì çàâèõðåííÿ 0.28, 0.444, 0.769, 1.1, 1.33, ùîá ïîêàçàòè âïëèâ êóòà ëîïàòîê íà 
îáëàñò³ âíóòð³øíüîãî ïîòîêó, ôëóêòóàö³þ òåìïåðàòóðè ³ ñòâîðåííÿ NO. Ìîäåëþâàí-
íÿ âèêîíàíî ç âèêîðèñòàííÿì ïðîãðàìè îá÷èñëþâàëüíî¿ ã³äðîäèíàì³êè (CFD) ANSYS 
CFX âèïóñê 16, â òîìó ÷èñë³ ëàì³íàðíî¿ flamelet ìîäåë³ äëÿ ³ì³òàö³¿ ãîð³ííÿ ìåòàíó òà 
k-ε ìîäåë³ äëÿ òóðáóëåíòíîãî ãîð³ííÿ. Ôîðìóâàííÿ òåðì³÷íèõ ³ øâèäêèõ NOx âèêîíóºòüñÿ 
äëÿ ïðîãíîçóâàííÿ õàðàêòåðèñòèêè âèêèä³â.

Êëþ÷îâ³ ñëîâà: oá÷èñëþâàëüíà ã³äðîäèíàì³êà (CFD), ÷èñëî çàâèõðåííÿ, îêñèä àçîòó, 
åì³ñ³ÿ, ñòàá³ë³çàö³ÿ ïîëóì'ÿ.




