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ABSTRACT: Creating swirl flow in combustion chambers is a method to enhance combustion
efficiency. One way to achieve this is through the use of a swirler, which generates swirling flow using
angled vanes. This swirling flow leads to better mixing and subsequently improves the combustion
process. Researchers have explored various methods to increase the mixing of the flow passing through
the swirler, with one of the most challenging and significant methods being changes in swirler geometry.
Using a double swirler is a novel approach in swirler design. This paper examines the interaction

between inner and outer swirlers, identifies recirculation zones, and studies changes in swirl number.  Keywords:

The comparison between single and double swirlers in this paper shows that a single swirler creates a = o0~
larger recirculation zone and higher swirl intensity, contributing to flame stability. Additionally, four new Swirling Flow
recirculation zones are formed after the double swirler, which also enhances flame stability. The use of

a double swirler increases turbulent kinetic energy by up to 75% and turbulence intensity by up to 60%, Double Swirler

resulting in better fuel-air mixing and achieving a uniform axial velocity distribution in a shorter distance =~ Swirl Number

from the combustion chamber.

Turbulence Intensity

1- Introduction

In order to improve the performance of combustion
chambers, researchers and engineers have investigated various
designs and configurations of combustion chambers [1, 2].
One of the simplest concepts in improving combustion is
effective mixing. Creating chambers with high swirling flow
has a significant impact on flame stability and combustion by
accelerating and improving the mixing between fuel and air,
and also compensates for the reduction in the dimensions of
the combustion chamber in the microchamber. One of these
innovations is the use of swirlers, which increase the mixing
of air and fuel, thereby promoting more efficient and stable
combustion [3]. The creation of central toroidal recirculation
zones (CTRZ) and corner recirculation zones (CRZ) plays an
important role in increasing flame stability and combustion
efficiency. The CTRZ is an important flow structure that is
created due to the breakdown of vortices in swirling flows.
Vortices play an important role in mixing, transport, and
control of flow dynamics. However, they are also a source
of instability in the combustion chamber. The CTRZ forms
a circular flow pattern that helps to contain the flame and
ensure complete mixing of fuel and air.

2- Methodology
The geometry of the single swirler, double swirler, and
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the boundary conditions are shown in Figure 1. It should be
noted that the general geometry is consistent with the single
swirler model, and there are some changes in the details,
including the placement of the double swirler, and the size of
some internal components of the chamber, but the dimensions
of the outer diameter and the outer profile are designed in
accordance with the single swirler model. In all figures, the
horizontal axis is Z and the vertical axis is Y.

3- Discussion and result

As shown in Figure la, the inlet mass flow boundary
condition is set for the chamber inlet, and the outlet pressure
boundary condition is set for the chamber outlet. The
mass flow and temperature values for the inlet boundary
conditions are 0.13 kg/s and 300 K, respectively. The RNG
K-¢ turbulence model is used to simulate the turbulent flow
[1]. The reason for this choice is that this model simulates
eddies better. The RNG model has higher accuracy due to the
additional terms in the epsilon equation solution. The effects
of circulation on turbulence are included in the RNG model,
which makes it more accurate in turbulent flows. The flow
swirl number is calculated using the following equation. In
the above equation, R, and R, represent the inner and outer
radii, u and w represent the axial and tangential velocities,
respectively.
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Fig. 1. Geometry of a) double swirler b) single swirler.
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The figure below shows a comparison of the distribution
of the swirl number along the central axis of the chamber.
As is clear from Figure 2, the general trend of both graphs is
similar. With a slight increase in the exit from the swirler, the
decreasing trend continues until section Z=0.35 m. Then a
sharp upward trend is observed until the approximate section
7Z=0.075 m. This upward trend becomes more uniform for the
single swirler until the section Z=0.12 m and for the double
swirler until the section Z=0.09 m and decreases after these
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Fig. 3. Axial velocity distribution contour and display of
recirculation zones and streamlines. a) double swirler .
b) single swirler

sections.

The axial velocity contour and streamlines in the chamber
and the representation of the recirculation zones for both the
single-swirler and double-swirler cases are shown in Figure
3. The central and corner recirculation zones are visible in the
contours.

Figure 4 shows the axial velocity distribution along the
centerline of the chamber. As shown in the figure, the part
of the graph located in the negative part of the vertical axis
represents the CTRZ region and the length of the red line
shown represents the maximum length of the CTRZ region.
The length of the CTRZ zone for the single swirler is 0.07
m, and the length of the formed CTRZ zone for the double
swirler is 0.046 m.

Figure 5 shows the changes in the dimensionless
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turbulence kinetic energy along the flow axis for the single
swirler and the double swirler. The green graph showing the
TKE values for the double swirler case has higher values
throughout the chamber than the single swirler. This indicates
higher turbulence and mixing intensity and consequently
better performance of the double swirler compared to the
single swirler.
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Fig. 5. Comparison of Normalized TKE in single swirler
and double swirler

4- Conclusion

According to the results obtained from this study, the use
of a double swirler is recommended for modern gas turbines
operating at critical pressures, where efficient atomization and
mixing are important. The increased mixing and combustion
efficiency allows for the design of a shorter combustion
chamber, which is beneficial for aerospace applications.
The low pressure drop is particularly suitable for high-thrust
aeroengine applications, where minimizing pressure losses is
critical.
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Fig. 1. Swirler geometry (right) and computational domain (left) (units are in millimeters)
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rent study
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Table 1. Geometrical characteristics of the double-swirler

le}lo a..).;.}L&g

9y 08,

Foshe VF
Faghe YA

ENE

9 kb

ENE

S92 kb

Fahe YV
Fashea TA

Wb by owiid Oladeiie Y Jgia

Table 2. Geometrical characteristics of the single-swirler
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Table 3. Mesh independence study of single swirler
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Table 4. Mesh independence study of double swirler
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Table 5. Predicted and final values for the double-swirler
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Fig. 8. Axial velocity distribution contour and display of recirculation zones and streamlines. a
and c) Single swirler . b and d) Double swirler
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Fig. 9. Axial velocity distribution in different sections for single swirler(right figures) and double swirler (left
figures).(Continued)
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3. Turbulent Kinetic Energy (TKE)
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Fig. 15. Turbulence kinetic energy distribution contour a) Chamber with single swirler. b) Chamber with double
swirler.
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