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Results from numerical study of the velocity field characteristics
of jet flow in the work zone of small aerodynamic tunnel,
by using LES method

Sergey Mijorski, Martin Ivanov

Pesynmamu om 4ucneHo u3crnedeaHe Ha XapakmepucmuKume Ha CKOPOCMHO rojie Ha
cmpyliHO meyeHue 8 pabomHusi yHacmbK Ha Manbk aepoOuHamuyeH myHen, 4pe3 CFD memoda
LES: [lpedcmaseHama nybnukayusma e npodb/mkeHue Ha: ,M3epaxO0aHe Ha MoOen 3a YUCIEeHO
uscrniedsaHe Ha xapakmepucmuKkume Ha CKOPOCMHO riofie Ha cmpylHO meyeHue 8 pabomHuUsi y4acmbK Ha
manbKk aepoduHamuyeH myHen, ype3 CFD memoda LES®. Tyk ca npedcmaseHu pe3dynmamume om
rnposedeHomo 4qucrieHo u3criedeaHe Ha pasnpedenieHuemo Ha CKOpOCMHOMO rosie Ha cmpyliHomo
meyeHue 8 pabomHama 30Ha Ha aepoduHamuyHusi myHen (AOT) Ha TexHuyecku yHusepcumem Cocbusi.
Kakmo 6e criomeHamo, yucneHomo u3cnedsaHe ce ba3upa Ha Memodume Ha usyucrumenHama OuHamuka
Ha ¢pnyudume (CFD), kamo u3nonssaHussim memod 3a pewasaHe Ha cucmemama Yyacmuu dughepeHyuanHu
ypasHeHusi Ha Hasue - Cmokc e ,Memoda Ha kpynHume suxpu” - LES (Large Eddie Simulation). lMpu mo3u
nooxo0, edpomawabHume mypbyneHmHU 8UXPU Ha MeyeHuemo ce usyucrisieam OUPEKMHO, a mankume
npedsapumerHo hunmpupaHu 8uxpu ce modenupam Ypes WUPOKO u3nonssaHusi Moden Ha CMa2opUHCKU.
LES memoda e dobpe npunoxum npu modenupaHe Ha cmpylHU mevyeHusi, kKamo npedocmass 3HayumersnHa
mo4yHocm u GemaliiHocCm Ha pesynmamume fpu CPasHUMENHO HUCKa CMOUHOCM Ha u3qucnumenHume
umepayuu. MonyyeHume pesynmamu, 6asupaHu Ha QUPEKMHO U3MEePEeHU HavanHu U 2paHuyHU yCriosusl,
oxapakmepusupam adekeamHo napamempume Ha cmpyliHomo meyeHue 8 pabom+Hama obnacm u 0asam
8b3MOXHOCM 3a pazpabomeaHe Ha supmyasneH Moders Ha Uu3cried8aHoOMO CbOPbXEHUE.
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INTRODUCTION

The current paper continues the work, revealed in: “Ilvanov, M., Mijorski, S., “Model
build up for numerical study of the velocity field characteristics of jet flow in the work zone
of small aerodynamic tunnel, by using LES method”, Submitted for publishing in:
Proceedings of “International Scientific Conference in Ruse — 2014”, October, 2014”, by
presenting the achieved numerical results.

INITIAL FLOW PARAMETERS

As it was shown, the inlet non-uniform velocity field was derived by a network of 176
measurement points, located at the ADT nozzle outlet. The assigned values of each of
them are shown in Table 1. The average value of the measured velocity is 30 m/s. The
blue boxes show the location of the monitoring points 35, 46, 131 and 142, which surround
the work zone of the ADT, while the green ones (88 and 89), indicate the center of the
analyzed zone.

Table 1. Non-uniform velocity field values at the ADT Nozzle

[mm] Velocity [m/s]

500 0 | 0 [354[19,9]205]202]202] 251 [ 261|284 ]299]309]31,5][259] 0 0

450 23,3 1308 | 30,7 30,7 30,7]307) 307|307 306|304 ]|306|308| 31 [312]314 ] 133

400 18,6 | 30,7 30,6 | 30,6 | 30,7 | 30,6 | 30,5 | 30,4 | 30,3 | 30,2 | 30,4 | 30,7 29 | 235

350 30,1 1 30,5 | 30,2 |303]303]|305]305])303]|302)301| 30 |301]305)309]|288) 226

300 | 266 |305)302]303|303]305]306]|305]304]302)302|302]306| 31 |288] 242

250 281|304 | 302|302 303|305 305|304 305 303]303]303]306]|309]287]| 273

200 18 304|303 303|304 ]|305]306]307|306]305]304) 304306309 29 | 273

150 15,7 1 30,2 | 30,3 | 30,2 | 30,4 | 30,5 | 30,5 | 30,6 | 30,7 | 30,5 | 30,4 | 30,5 | 30,7 | 30,9 | 29,1 | 27,8

100 | 4,81 | 30,6 [8040 30,4 | 30,6 | 30,7 | 30,7 | 30,7 | 30,9 | 30,6 | 30,6 | 30,8 | 30,7 [N80,8H 29,2 | 10,6

50 6,53 | 30,8 | 30,6 | 30,6 | 30,7 | 30,8 | 30,7 | 30,9 | 31 |309 308309309 31 |311] 26,7

0 0 0 16,4 | 31 |311] 31 |306|278 275|262 |249 | 166 | 149 | 6,92 0 0

0 50 | 100 | 150 | 200 | 250 | 300 | 350 | 400 | 450 | 500 | 550 | 600 | 650 | 700 | 750

[mm]
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The same network of points, used for conducting the experimental measurements,
was repeatedly placed every 10 cm in X direction along with flow direction (with additional
monitoring grid at 0 and 5 cm away of the nozzle outlet). In that manner the velocity field
was monitored during the simulation, providing better discrete image of the velocity
fluctuations at the selected numerical domain locations. The exact situation of the
monitoring point networks are shown on Figure 1.
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Figure 1. Monitoring point network locations in X direction of the ADT work area

o

NUMERICAL RESULTS

The simulation was performed on server machine with 16 parallel processors and
the run time was approximately 48 hours for the entire case. The time step was 0.0002
seconds, in total of 5000 steps in time. The resultant simulated time was 1 second. In
order to capture the overall performance of the ADT at the work area, a field averaging
function was applied for the last 0.5 sec of the simulated time.

The visualization was performed by the “ParaView” post-processing software.
Figure 2 shows the mean velocity distribution in X direction at 3 distinctive section planes
X=0m, X=0.5mand X =1.0 m. The presented velocity plots are based on the averaged
flow field.

The numerical results suggest relatively high degree of homogeneity of the mean
velocity field, as it is observed during the experimental measurements, published in [4, 5].
At 0.5 m from the nozzle outlet in X direction, which corresponds to the centre of the work
area of ADT, the monitored velocity field was still comparatively homogeneous. But, at 1.0
m distance in X direction, which is at the end of the work area, a significant velocity drop
was observed in the numerical results. This velocity drop is also documented in the
experimental measurements [4, 5].

Figure 3 shows the mean velocity plot at the middle of the ADT work zone, at
section plane Y = 0.35 m. The high level of velocity field homogeneity was observed again.
Further, to this velocity plot illustration, it can be found again the mentioned velocity drop
at the vicinity of the ADT collector.

In addition to the velocity plots, there are presented the instantaneous velocity
streamlines at section plane Y = 0.35 m (see Figure 4). At this illustration, it can be
observed the cutting effects of the collector over the ADT jet flow. These numerical results
show a flow separation in the vicinity of the collector, which causes disturbances in the
ADT work zone.
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Figure 2. Mean velocity plots in X direction
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Figure 3. Mean velocity plot in Y direction
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Figure 4. Instantaneous velocity streamlines in Y direction
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ANALYSES OF THE RESULTS

For further analyses of the numerical results, a discreet illustration at the six
characteristic locations of the ADT work zone is presented on Figure 5. The figure follows
the flow development monitored at the boundaries and the center of the ADT work area,
along the jet flow direction. Clearly, the numerical results suggested significant velocity
drop ahead of the nozzle outlet at distance 0.8 m. Up to this section, the monitored results
illustrated homogeneity of the jet flow. After passing 0.8 m till the end of the work area at
1.0 m, the velocity drop at the center reached approximately 0.8 m/s, while at the
boundary corners of the work zone it was between 0.3 - 0.5 m/s.
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Figure 5. Work zone velocity profiles distribution in X direction

MODEL LIMITATIONS

As part of the presented study, several limitations of the numerical model were
pointed out:

o Nevertheless of the high refinement level of the numerical discretization in the
presented case, there is a need for grid independent solution study, which was not
yet performed. This study will make possible the analyses of the effects of the local
surface refinements over the velocity and pressure field characteristics;

e The performed simulation was based on isothermal conditions. That means that,
from the set of the partial differential equations of the model, the energy equation
was excluded;

e The selected numerical algorithm scheme PIMPLE, for connection of the velocity
and pressure fields, was optimised for fast solution with large steps in the time. It is
possible that, by applying different numerical scheme, the accuracy of the solution
to be improved.

e The operational parameters of the selected Smagorinsky sub-grid scale model of
the LES method may needed further analyses, in order to be optimised for the
presented case study.

CONCLUSION

e Precise numerical model of the work zone of the small air dynamic tunnel at
Technical University — Sofia was proposed and constructed within the “Open FOAM
Version: 2.2” software package.
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e Numerical simulations of the ADT’s jet flow in the work zone was performed. For
initial and boundary conditions was used the data from previously conducted experimental
measurements of the jet flow parameters.

e Analyses of the velocity field characteristics in the ADT work area was performed
by visualization and simple descriptive methods.

e The presented results described adequately the real operating conditions in the
ADT’s work zone area. The high level of homogeneity in the flow velocity distribution,
which was suggested in previous studies, was confirmed. Numerical results also showed
the sulfficient velocity drop in the centre of the jet flow, which will be further analysed.

e Several limitations of the developed numerical model have been pointed out and
analyzed for future model improvements.
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