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Numerical study of the interaction of multiple swirding jets
mounted with unbalanced positions
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& Université de Chlef, B.P. 151, 02000 Chlef, Algéri
®Université d'Artois, Laboratoire Génie Civil et g&mvironnement (EA 4515), Technoparc Futura, F-
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Résumé :

L'objectif de cette étude est d'examiner numériguntiinteraction des jets tourbillonnaires mulggl
montés avec des positions asymétriques. Cette étadere que I'arrangement des diffuseurs en paosstio
affecte la qualité de I'hnomogénéisation thermiqeel'dmbiance. La présente étude est réalisée dass d
conditions de flux de chaleur uniforme pour chadifuseur, l'air étant le fluide de travail et lebit a été
ajusté a un nombre de Reynolds R&.10". Dans ce travail, les simulations ont été effeetuén utilisant le
code Fluent avec la méthode des volumes finiss diauel le modéle de turbulences kk-¢ RNG et le
modeéle de turbulence des contraintes de ReynolEM{Rnt été utilisées pour les calculs de la tuebak.
Les prévisions globales obtenues avec le modele R&M en meilleur accord avec les données
expérimentales par rapport a celles obtenues awecmodéle de turbulence &- L'analyse des
caractéristiques de I'écoulement montre clairentpré l'interaction entre les jets tourbillonnairegduit la
redistribution de la température dans la zone déange, tout en permettant la diffusion du jet réeot.. 1l
semble que le jet central joue un role importanbgi#amélioration de I'homogénéisation thermiques L
résultats de cette étude montrent que le désénuiilib position entre le jet central et périphérigafecte la
gualité de I'nomogénéisation thermique de I'ambganc

Abstract :

The objective of this study is to examine the autibon of multiple swirling jets mounted with
unbalanced positions numerically. This study shthas arrangement in positions, affects the quatitythe
thermal homogenization of ambiance. The currerdysts carried out under uniform heat flux condititmm
each diffuser, the air being the working fluid afholw rate was adjusted at the Reynolds numbegs Re
3.1¢.In this work, the simulations have been carrietlusing the finite volume CFD solver Fluent, in @i
the standard ke, k-¢ R.N.G and the Reynolds stress turbulence modéVRé&re used for turbulence
computations. Overall predictions obtained with tRSM model are in better agreement with the
experimental data compared to those of the stan#tardmodel. The analysis of the flow features clearly
demonstrate that the interaction between swirletg jnduces the redistribution of temperature i thixing
zone, while allowing the spreading of the resuliigg It appears that the central jet plays an imtpat role
in the enhancement of the thermal homogenizatibe. findings of this study show that an imbalance in
position between the central and peripheral jeffea the quality of the thermal homogenizationttad
ambiance.

Keywords; Multiple swirling free jets, Thermal homogenization Swirler vanes angle, CFD, Air
diffuser.

1 Introduction

The understanding of swirl effects, particularly thhe entrainment rate of air and on the temperature
homogenization is very important for the efficierafyentilation process. However, to our knowledpese
effects have been scarcely investigated, andsequently the fusion of many swirling jets beesm
interesting to study. The multiple swirling fredsjestudies show that the swirling jets will develmore
rapidly than the jets without swirl. Note that thember of jets contributes to decrease velocitdso, the
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distance between blowing orifices involves a deswaa velocities while delaying jets fusion. Foglhiswirl
numbers and far from the orifices, velocity prddilef multiple jets have a tendency to increase et
with those of the single jet. The interaction betwgets allows the distribution of velocities iretmixing
zone in which the normal stresses and maximum siredocated. At near origin of the swirler, theffles
are characterized by irregularities due to thelsewigeometry and the blowing conditions. It shdodédnoted
that the axial temperature for the multi-jet seeéobe an exponential decrease [1,2 and 3]. Accgrttirthe
available literature, there is no advanced resdaeaty done on the multiple swirling jets appliedraprove
the thermal homogenizatioMost papers which deal with multiple swirling jeits various geometric,
dynamic and thermal conditions are aimed to theravgment of combustion. From the above discussion,
the main aim of this study is to examine and pestamtrol the influence of various parameters agthe
arrangements of the single or multiple swirlingjain the flow resulting both dynamically and thalig In
addition, we expect that optimization of these paters would influence the thermal stratificatidntiee
atmosphere, and help to optimize the choice ottméiguration of interest to industry.

2 Experimental setup and techniques

The experimental facility is depicted in Fig. 1(@e). It consists of a size chassis 2@Wx400 (mm)
which is fixed on a square plate of Plexigl@s the latter, three devices blowing hot air (haied TEFAL-
1500) are fixed and directed downwards, and thetqvart of these devices is used to fix differgpes of
diffusers provided with inclined vanes, dependinglee studied configuration. Temperatures and wglof
the flow are measured by a hot wire anemometee (Yglocicalc Plus Air velocity Meter), which is &h-
precision multifunctional instrument. The data daa viewed on a screen, printed or downloaded to a
spreadsheet program allowing us to easily trarddiéa to a computer for statistical treatment. Té¢wueacy
is of order+ 0015(my's) for velocity and+ 0.1(°C) for temperature from thermal sensor. Note that the

thermal sensor is supported by rods which are yeagilded vertically and horizontally to sweep the
maximum space in the axial and radial directioee (Sig. 1).

200 mm

W goog

1-Air blowing Devices, 2- Diffuser with inclined aas, 3-Thermoanemometer probe,
4- Thermo anemometer, 5-Thermometer
FIG. 1- Experimental facility and test assembly
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FIG.2: Blowing configurationsTy=363K and §/2=318K): (A) Single swirling jet (B, C and D) triple

swirling jets.

In this study, the axial and tangential velocifieandW, were measured at the exit of a swirling jet diffu
with a triple probes hot wire anemometer (DISA 53T his number is defined as the ratio of the axial
flux of tangential momentum to the product of tkéahmomentum flux and a characteristic radius
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[10]. It should be noted that the exact expressioswirl number depends on the injector geometry
and flow profiles. For a typical single elementeictor with a flat vane swirler, the definition of
swirl number given by Gupta et al. (1984) can bgressed as

S=G/Rg=[ Uwt d/j: RU rd 1)

WhereG, is the axial flux of tangential momentui@, is the axial momentum flux, and is a

characteristic radiusx, andR,, are radius of the centre body and the inlet dwspectively. It is
important to note here that if the axial and azimaily velocities are assumed to be uniform and the
vane are very thin, the swirl number can be expess:

s=2(+-(rR/R’)/( (R )] tom @

where a is the swirler vane angle. Note that in the casea dfubless swirlerR= 0), the above
expression is reduced as:
S= z 3tanr (3)

One swirl numbers value is considered in this stddyese are S=1.3 for vane angke60°. To carry
out our experiments, the following operating coiotis have been considered:=1.3, @, = 0.041 kg/s,
Re=30.1C", r/D=1 to 8 and 8 x/D <20. Here it is useful to note that previous studiese based on similar
ranges of Reynolds [4 and 5] to name a few]. Wasth recalling that here our goal is to identifydastudy
the evolution of temperature profiles of axial aadial multi-jet swirling in different configuratits. Two
configurations consist of three swirling jets inbiatance (B) and in balance (C and D) of positiod an
single swirling jet configuration (A) have been sated in Fig. 2.

3. Numerical simulation procedure

Thek-e model is an example of two equation models thatthe Boussinesq hypothesis. Here, two different
closure models-¢ model and the Reynolds Stress Model (RSM), haea lbsed.

3.2 Grid generation

It goes without saying that the strategy of grish@ation within the computational region and dgneit
the grid play an important role in the predictiataracy. The grid was non-uniform, with high densit
zones of great interest and low density in zonekess interest, so that minimal computational ¢ffeas
required whilst gaining sufficient accuracy. Thenputational grid geometry of the swirl generatod #me
entire inflow system are presented in Fig. 3. Tetdnal mesh has been used, and in order to capalre
gradient effects, mesh has been finer toward tinesialn the radial direction the mesh is fine dertest
inlet and then stretched to the exit. Tests witlkerfigrids (up to 1800000 cells) demonstrate thatimality
of the prediction is not improved by enhancing thember of cells used [see Table 1]. Computations on
different mesh show that the solution of the radiatensionless temperature in the case of configura
does not change significantly (errors remain in ¢ihder of<4%), which suggests that the solution is
independent of the mesh as it can be seen in Fig.4.

Table 1.

Grid 1 Grid 2 Grid 3 Grid 4 Grid 5
973556| 1797607 1801362| 1801913| 1867537

Note that there are a total of 1839831, 2244128598 and 973556 cells for blowing configurationsBAC
and D, respectively.
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FIG. 4- Sensitivity of dimensionless radial tempera variation to grid densitk{ model)

5. Results and discussion

As mentioned before, previous studies showed tirad range of experimental conditions, heat transfe
enhancement is strongly depending on blade angleitaseems that the Reynolds numlii& has not
significant influence, whereas when the initial lengf the velocitya increases, the jet is more spreading in
the radial direction [9]. In this study, the dimemdess temperature; andx-coordinates were normalized in
the formt, =[t-t JJ/[t o-td] , r/d andx/d respectively, whereis the jet temperaturg,is the ambient temperature
andt, is the maximum temperature of the air blowing agin. Figures 5 and. 7 show the contours of
temperature determined by the RSM turbulence mddete that the internal recirculation zone (A)ais
mixing zone of the jets and the external fluidsltepresented with a high speed gradient and@ease in
the intensity of turbulence, stabilizes the velpqitrofile at a distance of a jet, the region (B)as
intermediate zone, and in the region (C) the fleviully established, the temperature has stabilaedi the
development of the flow streams are homogeneoggirés 6 and 8 show the streamlines colored by the
average temperature determined by the RSM turbeleradel, the current lines move radially to expted
distribution of average temperatures along the adethe triple swirling jet unbalanced positiomet
maximum temperature is obtained at the centralaelation zone swirling jetsThe radial distribution of
dimensionless temperature at distance from thésind® = 1, 3, 5 and 8 respectively is presenteHign 9.
The standardt-¢ , RNG ke and Reynolds stress modelere used to predict the turbulence flow. Along the
radial coordinate, the dimensionless temperaturél@moves from high values, decreases, and timetlyf
it approaches its asymptotic value which refersatobient temperature. Some differences from the
experimental data were observed in the zone ctodeetaxis for x>3D. For the stations x/D=3, 5 &xoth
models underestimate the maximum value at the dier@eAs can be seen, the temperature predictions
obtained by the Reynolds stress model are gendralfppod agreement with our experimental ddtae
comparison of the radial distribution of dimens&sd temperature (A, C and D) at stations x /D s @ven
in figure 10. As can be seen in this figure, tkia configuration D give more spreading and the
configuration C leads to a good thermal homogeitiaatith rapid thermal satiability.
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FIG.10- Radial distribution of dimensionless tengere for configuration (A, C and D) at stationgDx= 8

6. Conclusion

In this Study, we explored different configurationfsblowing multiple swirling jets for use in veldiion
applications. We have highlighted more improvemeinthe thermal homogenization of the treated area
using multiple swirling jets with an appropriateoate of the position for blowing air. In this worl,
numerical study of different configurations of blog multiple swirling jets has been fulfilled. The
numerical simulation of the flow and temperaturdds has been carried out using the standagdkke
R.N.G and the Reynolds stress (RSM) turbulence moBased on the investigation conducted for dififer
configurations and parameters, the following cosidns can be made. The analysis of the flow feature
clearly demonstrates that the interaction betweeniisg jets induces the redistribution of tempewratin the
mixing zone, while allowing the spreading of thesuling jet. It appears that the central jet plays
important role in the enhancement of the thermahdgenization. From the thermal homogenization
viewpoint, the optimization of parameters such las diffuser's geometry, the swirler vane angle, the
number of blowing jets, and the direction of ratatibalance and imbalance in position between ¢n¢ral
and peripheral jets are adequate means to enhasgeiality of thermal homogenization.
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