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Abstract— We propose to study numerically the effect of a swirl
generator on the behavior of a turbulent confined coaxial jet. 3D
simulations were carried out using the commercial code
FLUENT. RANS calculations were conducted to investigate the
effect of the central jet nature.

Results were discussed for reactive and non reactive conditions.
Hydrogen and methane were tested to evaluate reactive mixture
quality. The annular swirler placed at the outlet of the coaxial
configuration central pipe enhances mixing for non reacting
conditions. However, for ractive conditions, a flashback problem
can occur due to flattened concentration radial profiles.
Numerical findings show that hydrogen tends to mix more
rapidly and constitutes the most adapted test case for both non
reacting and reacting conditions. Nevertheless, a geometry
modification must be accorded to the adopted swirler for reactive
mixture.

Keywords— Coaxial configuration, Mixing process, Central gas
nature, Hydrogen, Swirler geometry.

I. INTRODUCTION

Swirling flows can be encountered in numerous
engineering engines such as mixers, cyclone separators, rotary
kilns, burners...etc.

The helical aspect and the generation of a central
recirculation zone (CRZ) make swirling flows useful in mixing
improvement [1]-[4], flame control [5] and pollutants
reduction [6], [7].

T. Parra et al. [8] have varied swirl angle and underlined
the importance of the CRZ in mixing process enhancement for
high swirled flow (S>0.6).

R. Thundil Karuppa et al. [9] have simulated an
isothermal flow developed downstream an annular swirler.
The effects of vane number (4, 8 and 12) and swirler geometry
(with and without solid central zone) on mixing quality were
investigated numerically. Results showed that the 8 vanes
swirler was characterized by the more efficient mixture.
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It should be noted that the effect of a swirl generator
installed in the central pipe of a coaxial configuration was not
well documented.

In this work, an annular swirler was added to the central
pipe of a coaxial configuration to evaluate its effect on the
flow behavior. An annular swirler is characterized by a solid
central zone [10]. The importance of annular swirlers can be
underlined by the numerous studies carried out [8]-[12].

The main purpose of this paper is to discuss numerically the
effect of an annular swirl generator in the central tube of a
confined coaxial configuration. Two fuels (hydrogen and
methane) were tested to evaluate the effect of the central jet
nature in the presence of the swirl generator for both non
reactive and reactive mixtures. We demonstrate also that a
modification of the swirler geometry is necessary in reacting
case.

Il. PRESENTATION OF THE CONFIGURATION

This work is based on the experimental geometry of M.
Amielh et al. [13] (Fig.1a). The adopted coaxial configuration
consists on a central jet of helium of diameter D;equal to 26
mm emerging into a co-flowing air (D,=285 mm).

An annular swirler with four injectors is added at the outlet of
the central pipe (Fig.1b).

The annular swirler is characterized by the geometric swirl
number S equal to 0.7 calculated according to the following
expression [10]:

_2(1-a%)

5= 3(1—a?) tana @)

R i i i
RL: ; R.g and R represent respectively the swirler solid

central zone radius and the swirler radius (Ryg= 3.5mm, Rs=
13mm and a=0.27).



4éme Conférence Internationale des Energies Renouvelables (CIER-2016)
Proceedings of Engineering and Technology — PET
Vol.17 , pp. 84 - 89

o : Swirl angle (0i=45°).

Confinement wall

(b)

Air

Central jet
He/H2/CH4

Zoom view of the
swirler at the outlet of
the central tube

N,

Fig. 1 Geometry and mesh distribution of the coaxial configuration (a) and the
swirler (b)

I11. GEOMETRY CONSTRUCTION AND GRID MESH

The cylindrical confinement and the swirler meshes are
depicted in Fig. 1. In the whole domain, hexahedral multizone,
structured mesh is used. The adopted grid mesh contains about
2000000 cells.

It is noticed that several meshes varying from 700000 to
3500000 have been tested to guarantee numerical results
independency from grid density.

IV.NUMERICAL APPROACH

The equations governing the flow of interest are the
Navier—Stokes equations. The flow is considered to be multi-
component, turbulent and stationary on average. The ideal gas
assumption is used for species calculation. Thermo-physical
properties are calculated using the kinetic theory of gases.

The k-¢ Realizable model is used as a turbulence closure model.
V.RESULTS AND DISCUSSIONS
A. Numerical validation
Present results were compared to the experimental data of M.
Amielh et al. [13] and T. Djeridane et al. [14] respectively for

dynamic and concentration fields.

Fig.2
centerline axial

illustrates predicted and measured normalized
velocity profiles. Comparison between
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numerical and experimental data of M. Amielh et al. [13]
shows good agreement.
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Fig. 2 Dimensionless axial mean mass fraction profiles: comparison of
numerical and experimental evolutions

In the present study, the experimental configuration of M.
Amielh et al. [13] was equipped by an annular swirl generator
in the central pipe (Fig. 1). The main objective is to analyze
mixing and dynamic structure of the considered variable
density flow under the swirler insertion for different gases.

B. Central jet nature effect in the presence of a swirl
generator

In this section, we propose to evaluate the effect of the
considered swirler (Fig. 1b) on the flow behavior for different
gases issued from the central pipe. Three gases were considered
corresponding to density ratios w equal to 0.14 for helium/air,
0.067 for hydrogen/air and 0.59 for methane/air.

Two fuels (hydrogen and methane) are applied to discuss
reacting case. It is noticed that the central jet density effect is
studied for the same momentum flux value (M;=0.1N) and by
keeping a constant co-flowing air velocity (1.2 m/s). This
choice has already been adopted by several authors studying
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density effect for variable density flows [13-15]. Indeed, for a means that better mixture can be

ensured for a central pipe

similar momentum flux value at the outlet nozzle, different ejecting hydrogen.

gases can be characterized with similar initial forces.
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Fig. 3 Streamlines and axial velocity contours of hydrogen, helium
and methane for Z/D;=5 and Z/D;=15

Fig. 3 displays axial velocity contours and streamlines in
the confinement at the cross-sections Z/D;=5 and Z/D;=15 for
different gases (hydrogen, helium and methane). Overall, the
dynamic structure is the same for the three gases. Nevertheless,
it is seen that vortices are even more intense for the lighter gas.
Indeed, hydrogen velocity contour is marked by larger velocity
values.

Fig. 4 shows mean mass fraction contours distribution of
hydrogen, helium and methane for Z/D;=5. We notice that
hydrogen tends to mix more rapidly than heavier gases do.
Indeed, for the same section, it is seen that methane mass
fraction is the greatest compared to helium and hydrogen. This
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Fig. 4 Contours of hydrogen and methane mean mass fraction in the

confinement for Z/D;=5

Axial profiles of the centerline mean mass fraction for the
three tested gases are plotted in Fig. 5.
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Fig. 5 Centerline evolutions of the mean mass fractions of different gases:
Hydrogen, Helium and methane

From Fig. 5, it can be seen that the central jet mass fraction
decreases immediately in the confinement inlet (Z/D;=0). The
central mass fraction reaches a constant value varying with the
central jet nature. It is seen that this value is lower for the
lighter gas which corresponds to better mixing process at the
centerline.
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Fig. 6 depicts radial evolution of dimensionless mean mass
fraction of the three tested gases.
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Fig. 6 Radial evolutions of the central jet mean mass fraction of different gases:
Hydrogen, Helium and methane (Z/D;=5)

It is shown that radial profiles shape is not affected by the
central gas nature. It can also be noticed that lighter gases are
characterized by lower radial mass fraction. This is in

conformity with Fig. 3 and previous works of T. Djeridane et al.

[14] and P. Wang et al. [15] studying variable density flows.

For non reactive conditions, it is found that the annular
swirler associated to the central pipe ejecting hydrogen
constitutes the best test case. However, reactive mixture should
be analyzed more carefully. Actually, for combustion
application, the flattened radial profiles can cause flame
flashback. Indeed, in several combustion engines, the central
tube holds fuel. In our case, the flattened problem of radial
profiles corresponds to a fuel mass fraction near the
confinement wall while it is better for flame stability to have a
fuel concentrated in the central zone (downstream the central
nozzle).

It is seen that hydrogen is characterized by the lowest
radial mass fraction spreading near the confinement wall.
Nevertheless, the flashback problem could not be avoided. In
order to solve this problem, we propose to modify the swirl
generator central zone from solid (annular swirler) to fluid (non
annular swirler). In fact, we assume that the flattened radial
profiles could be caused by the annular aspect of the adopted
swirl generator.

Fig. 7 represents the radial mass fraction profiles of
hydrogen for the initial swirler (annular) and the modified one
(non annular). It is noticed that the swirler geometry
modification succeeds in avoiding the flattened radial profiles
and consequently the flashback problem.

As a conclusion, we can say that for reactive mixture, the
best test case corresponds to a central jet ejecting hydrogen and

equipped with a non annular swirler.
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Fig. 7 Effect of the swirler geometry (annular/non annular) on the radial mean
mass fraction of hydrogen

VI. CONCLUSIONS

In the present paper, numerical simulations were conducted
to investigate the effect of an annular swirl generator disposed
within the central tube of a wvariable density coaxial
configuration. The effect of the central jet nature in the
presence of the swirler was discussed.

Comparison to experimental data showed a satisfactory
agreement for both velocity and mass fraction measurements.
The confined coaxial configuration was simulated under the
swirl generator presence in the central pipe (S=0.7).We have
shown that the dynamic structure is globally similar for the
three tested gases (hydrogen, helium and methane). However,
vortices intensities were higher for hydrogen. Therefore, the
dynamic flow structure is promoting light gases mixing.
Hydrogen was judged as the best test case ensuring the more
efficient mixing process for non reacting conditions.

The analysis of the reactive case showed that a flame
flashback is possible because of the flattened resulting radial
profiles. It has been demonstrated that a geometry modification
of the adopted swirler could guarantee good reactive mixture.
Numerical findings showed that a non annular swirler added to
the central tube of hydrogen constitutes the best test case if
reactive condition is required.
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