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Abstract
This paper focuses on the influence of swirl number on diffusion flames.
Numerical model uses Probability Density Function combustion model and
RNG k-ε swirl dominated turbulence model. Both low and large swirling
injectors are simulated to contrast the flow pattern. Low swirl number produces flames with large reaction zones and weak gradients. Whereas the
large swirl injectors are able to fix the position of the flame upwind the Inner recirculation zone, produces strong gradients that let the fresh mixture
be conditioned by products of reaction in the Inner recirculation zone.
Introduction
Swirling flows in burners help the stabilization of lean flames with minimum head losses, produce low emissions and is a precursor of fuel saving,
[1,2].
The geometry of the burner corresponds with that of Roback and Johnson
[3] such as is depicted in figure 1. The simple setup is composed by two
coaxial nozzles discharging into the combustion chamber. Azimuthal velocity is generated with flat blades located in the annular nozzle. When the angle of swirl generator results in a swirl number is over 0.5, the vortex break
down phenomenon appears to form an Inner Recirculation Zone (IRZ).
Swirl angles of 22º and 64º where simulated producing swirl numbers of
0.14 and 0.95 respectively. The separation flow when annular jet enters in
the chamber produces an Outer recirculation Zone (ORZ).

Figure 1. Scheme of the swirling burner. Swirler generator has 8 flat blades
with different angles
Approach
The governing equations for 3D, steady, reactive flow are solved with a second order scheme looking for better accuracy even if the convergence is
worst. Table 1 summarizes the boundary conditions for the nozzle inlets.
The 3D mesh has 1.5 million hexahedral cells. No multi-grid was used for
reactive cases because the averaging on temperature field is a precursor of
the lack of accuracy on the reaction rate. As for the turbulence model, the kε RNG model dominated by the swirl was selected [4]. The turbulence wall
treatment was that of non equilibrium because of flow pattern is dominated
by flow separation of the boundaries. Combustion modelling was afforded
using Probability Density Function (PDF). The code solves the transport
equations for both: mixture fractions and the variance proposed by Jones
[5], see figure 2.
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Table. 1. Boundary conditions and dimensions of nozzles

Annular
inlet
Central
inlet

Radio
(innerouter)
(m)
0.01280.0295
0-0.0125

Velocity
(m/s)

Temperature
(K)

Turbulent
Intensity
(%)

Length
scale
(m)

Viscosity
(kg/(ms))

Mass Fraction
(-)

Molecular
weight
(kg/kmol)

1.54

900

7.5

0.017

1.789 10-5

28.996

0.66

600

12

0.025

1.087 10-5

Y(O2)=0.22
Y(N2)=0.78
Y(CH4)=0.9
Y(N2)=0.1

Figure 2: Tabulated temperature based on mixture fraction and scaled heat
loss-gain.

Results and discussion
In this section is devoted to contrast swirl numbers 0.14 and 0.95 flames.
Figures 3 depict the mean mixture fraction and its variance, as well as the
volumes of null axial velocity. Bearing in mind the recirculation zones are
composed by negative values of axial velocity, these volumes locate the
position of recirculation zones. Swirl = 0.14 presents a large ORZ and lacks
the IRZ. Whereas Swirl no. = 0.95 has a smaller ORZ and a central IRZ. As
for the mixture fraction, it is clear the higher gradients are produced near the
lead stagnation point of the IRZ. But for Swirl no. 0.14, the mixture fraction
gradient is lower and the mixing region larger. Local maxima of mixture
fraction variance correspond with the reaction zone. Swirl no. 0.14 has a
larger reaction zone than that of swirl no. 0.95. It is clear the role of the IRZ
deflecting the flame and fixing its location.
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b)
Figure 3: Longitudinal contours for different swirl numbers. Grey shadows
are the iso-volume of null axial velocity. a) Mean Mixture Fraction b) Mean
Fraction Variance
Figures 4 show, the contours of temperature in a longitudinal plane and the
volumes of iso-value null for axial velocity as well as contours of axial velocities and projected stream lines for swirl numbers of 0.14 and 0.95. Annular jet has a temperature of 900 K whereas central jet has 300 K, hence
higher temperatures suggests reaction zone of products of reaction. The IRZ
is formed by products of reactions that helps the conditioning of the fresh
mixture.

www.flame-structure-2014.com
Berlin Institute of Technology
(TU Berlin)
Prof. Dr. Frank Behrendt
Fakultät III: Prozesswissenschaften,
Institut für Energietechnik
Chair Energy Process Engineering and
Conversion Technologies for
Renewable Energies (EVUR)
Fasanenstr. 89
10623 Berlin

a)

Contact
info@flame-structure-2014.com
frank.behrendt@tu-berlin.de

b)
Figure 4: Longitudinal contours for different swirl numbers. a) Temperature,
the grey shadows are the iso-volume of null axial velocity b) axial velocity
with surface stream lines.
Conclusions
The interaction of two reactive confined coaxial jets has been studied using
Computational Fluid Dynamics. Annular swirling jet was generated with 8
flat blade swirl generator. Numerical simulation uses PDF for combustion
model and RNG k-ε turbulence model. These models are suitable for turbulent swirl dominated flows.
Low and high swirl injectors have been simulated and their pattern flow was
contrasted. Low swirling injectors does not promote the fluid to turn over
near the centre of the chamber, resulting larger reactive zones with weak
gradients. Whereas large swirling flows promote the formation of a IRZ is a
precursor of higher gradients and a fiz location of the reactive zone.
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