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Abstract :

Large Eddy Simulations together with experimental ingadibns of an aeroacoustic test case consisting of a platatél
in the turbulent wake of a circular cylinder are presentetieTinvestigations focus on the frequency changes due to
variations of the test case geometry and the ability of theemical method to capture these phenomena.
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1 Introduction

A great part of the noise in our daily life is generated by tlebt flows, e.g. the noise of driving cars or
fans. Even though the prediction and reduction of noise igrgrortant issue, the physical mechanisms of
noise generation in turbulent flows are still not fully unstend. Computational fluid dynamics (CFD) can be
a very useful tool to give a deeper insight into the flow physince it allows a more detailed view on flow
features than experiments. However, only recently sufficdmputational power has become available for
the predictive simulation of turbulent flows for more comgpdgometries and higher Reynolds numbers, since
in many cases only time resolved simulations like the Diduwmerical Simulation (DNS) or the Large Eddy
Simulation (LES) can provide reliable results.

Both techniques the DNS - where the Navier-Stokes equatiansolved directly and all time and length scales
have to be resolved - and the LES - where the turbulent motbtise grid scale are calculated directly and
only the subgrid scales are modeled - require a high resalutispace and time and are therefore highly time-
and resource-consuming.

We present LES results of the flow field around a cylinder ptatgfiguration as well as experimental data of
the sound pressure spectrum for this test case. The test@asists of a plate which is located in the turbulent
wake of a circular cylinder. The geometrical simplicity b&tconfiguration in combination with an enormous
superelevation of the sound pressure at low flow speeds byp@ddsimple plate makes this test case very
attractive for the validation for low Mach number aeroac¢musodes.

Experimental investigations show a high sensitivity of flequency spectrum of the acoustic pressure to
changes of the distance between plate and cylinder as wéll as offset of the plate to the cylinder axis.
The aim of this study is to prove if the applied numerical noetis capable to reproduce those effects on the
dominant frequencies in the flow field and therefore its cdipalor further aeroacoustic studies.

2 Test case description

The investigated configuration consists of a steel platekwig located in the turbulent wake of a circular
cylinder (compare figure 1). The Reynolds number based oditimeterD of the cylinder and the free stream
velocity is aroundRep = 2000.
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FiG. 1 — Test case configuration.

3 Experimental investigations

The experimental investigations were carried out at NVH.ea Cologne University of Applied Sciences.
Sound pressure spectra are measured and the sensitivéphoedrical changes is investigated.

Figure 2 shows the experimental setup as well as the acaasticl pressure spectrum for the test case configu-
ration and a single cylinder. A significant increase of thengbpressure level compared to the single cylinder
can be observed. Further the dominant frequency is lowethiitest case compared to the single cylinder.
By decreasing the distaneebetween plate and cylinder at a constant offset 1.5 mm (compare figure 1)
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FiG. 2 — Experimental setup (left) and sound pressure speciouthé test case and a single cylinder (right).

an increase of the dominant frequency can be observed (fgyuedt). Whereas if the plate is in line with
the cylinder (offseb = 0) a shift towards lower frequencies takes place (figure 3ityidg-or both considered
offsetsb the sound pressure level is lower if the plate is locatedecltsthe cylinder.
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FIG. 3 — Measured sound pressure spectra for different geaneetnfigurations.

4 Numerical setup

4.1 Numerical method and code description

LES are performed utilizing the incompressible finite vokusolver FASTEST [1]. The filtereNavier-Stokes
equations are solved on boundary fitted, block structuredlnedral grids. Convective and diffusive fluxes are
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approximated with a second-order central difference seh&ubgrid stresses are computed using the Smago-
rinsky model with the dynamic approach of Germano [2]. Thpliait second order Crank-Nicolson scheme
is applied for time discretization. Pressure velocity dmgpis realized with a SIMPLE type algorithm which

is embedded in a geometric multi-grid scheme with standesttiction and prolongation [3]. The resulting
linear systems of equations are solved with an ILU method.

4.2 Acoustic source term modeling

Time resolved computations of the flow field like LES allow ttedculation of aeroacoustic sources according
to different aeroacoustic analogies like Lighthill's amgy [4] or Hardin and Pope’s [5] acoustic/viscous split-
ting approach. In the latter the compressible flow field atMa&ach numbers is modeled as an incompressible
calculated hydrodynamic part (denoted wifti) and an acoustic fluctuation (denoted with. In the follo-
wing « stands for the velocity vectop, for the pressurep for the density and: for the adiabatic exponent.

Further the hydrodynamic density correctigt¥ is introduced. If viscous effects are neglected, this apgino
leads to a system of equations which is equivalent td_thearized Euler Equationd_EE) on the left hand
side and acoustic sources on the right hand side,
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wherec,, stands for the speed of sound ang™c> for the mean hydrodynamic pressure. According to this
approach for interpretation of the flow field with respect twse generation mechanisms we focus on the
incompressible pressure fluctuations that are the domipetin the source term for the acoustic pressure
fluctuationp’.

4.3 Numerical setup

The computational domain is modeled periodically in spaevdirections. The inlet velocity is set tom/s
corresponding to the desired Reynolds number of approgim&e, = 2000. All walls are no slip walls and
zero gradient boundary conditions are applied at the outlet

In order to minimize disturbances of the flow caused by bogndanditions - the size of the computational
domain was chosen sufficiently big. It is of the size I0@ streamwise direction. Hereby the inlet is located
15 D upstream the cylinder. In spanwise direction® Bespectively 50D are modeled.

The boundary layer around the cylinder is fully resolvedwaébrresponding* values of the orde®(1)
whereas the developing boundary layer attached to the {slatet resolved. The resulting grid consist of
approximately2.47 x 105 control volumes. The grid structure is displayed in figure 4 .

The time step size was set1d x 10~%s which results in Courant numbers below unity. The simoretiwere
set up on 8 IBM Power5 CPUs with a load balancing efficienc98$%. This leads to computational times
of approximatelyl2 seconds per time step. Turbulence statistics were pertbforeat least 16000 time steps.

4.3.1 Performed simulations

Four simulations of the cylinder plate configuration withied distances = 7.5 mm anda = 10 mm and the
offsetsb = 1.5 mm andb = 0 (compare figure 1) were carried out in order to prove thetswlithe numerical
method to reproduce the changes of the frequencies dedanilsection 3.

Another computation of a single cylinder at the same Reygoltmber was carried out in order to compare
the pressure fluctuations that are a measure for the emdtedipressure level.

5 Results

In the following a selection of results is presented. We foon the configuration with the offset= 1.5 mm
and vary the cylinder plate distaneécompare figure 1).

3
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5.1 Flow features

To give an impression of the turbulent structures aroundgsiecase the vorticity magnitude is shown in figure
4. It is obvious that thevon Karman vortex streetan not develop if the plate is present. The interaction of
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FiG. 4 — Grid structure and vortical structures in the vicinifytee test case - snapshot of the vorticity magnitude
colored by pressure.

the vortex shedding at the cylinder with the front edge of plege leads to high time dependent pressure
fluctuations and therefore high aeroacoustic sources.Uindfi§y the pressure distribution for two different time

steps is shown in oder to illustrate this behavior. The measgure fluctuationsp’™“> for the configuration
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FIG. 5 — Unsteady pressure distribution at two different tinepst(time between snapshots-:10~%s).

with ¢ = 10 mm,b = 1.5 mm and those obtained for a single cylinder at the same Regmoimber are shown

in figure 6. The absolute values of the pressure fluctuatioms@to 5 times larger for the test case compared
to the single cylinder what also gives an explanation of tgericantly higher level of emitted noise observed
in the experiments (compare figure 2).
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FIG. 6 — Mean pressure fluctuations for the test case @ef; 10 mm, b = 1.5 mm) and a single cylinder
(right).
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5.2 Frequency spectra

To get information about the frequencies on which the soamdhiitted and to identify the corresponding flow
features, time series were recorded at different monijdidcations. The locations of the monitoring points
(MP) are depicted in figure 7. Since the highest pressureugiticns occur at the front edge of the plate and
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FIG. 7 — Location of the monitoring points (MP).

therefore the dominant acoustic sources can be expecthisinegion we focus on MPQ9 in the following.
MPO09 is located).5 mm behind the front edge of the plate &nd mm below it.

Figure 8 (left) shows the frequency spectrum of the simdlaieompressible pressure for the configurations
with ¢ = 10 mm anda = 7.5 mm and the offseb = 1.5 mm. For the case = 10 mm the peaks that are
present in the measured sound pressure spectrum can atsentiéed in the simulations whereas foe= 7.5

mm the first harmonic is present in the simulation but not ertieasured spectrum. It can be stated that these
phenomena can not be explained by the pressure spectrum &llso the shift towards a higher frequency
for smallera as seen in the experiments can not be reproduced, actuallypihosite trend is present in the
simulations. Further no conclusion can be drawn from theganee spectrum to the different levels of emitted
noise for the two considered distanees

In figure 8 (right) the spectrum o?%m as dominant part of the aeroacoustic source term is disgldpe
contrast to the pressure spectrum a significant differeacéht two considered cylinder plate distances is

present. Forn = 10 mm the overall level in thé()% spectrum is higher especially the second peak that is

equivalent to the first harmonic is much more distinct. Thghbr sound pressure level for the larger distance
a may be explained by this as well as the absence of the firstdraenmn the sound pressure spectrum for
a = 7.5 mm. As for the pressure spectrum the trend towards a higaquéncy for the smaller can not be
observed.
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FiG. 8 — Frequency spectra of pressure (left) ﬁ@? (right) for the configurations witth = 1.5 mm and
varieda.

Table 1 shows the experimentally and numerically obtainegiuencies. For the greater cylinder plate distance
a = 10 mm a good agreement with the experiments can be stated vetfer¢he smaller distance the deviation
is of approximatelyl 5%. The question if the quality of the simulation is the reafswnhis deviation or if solely
acoustic effects — like the interaction of acoustic wavés,-e are the cause for the changes of the dominant
frequency in the sound pressure spectrum are on the focusgofrgy investigations.
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TaB. 1 — Numerically obtained frequencies in comparison to erpental values.

\ Configuration | f/[Hz] - Experiment| f /[Hz] - Simulation | Deviation % |
a=10mm,b =1.5mm 634 610 3.8
a="75mm,b=15mm 669 569 15.0

6 Conclusion

An aeroacoustic test case consisting of a plate locateckitutibulent wake of a circular cylinder was introdu-
ced. Further a selection of experimental results as weluagenical results obtained by LES were presented.

In our presentation we will give a more detailed view on thpligol numerical methods and we will present
results for all measured geometry variations together antlppropriate discussion of the results.

Further we will present the simulated acoustic field for #st tase and corresponding acoustic sound pressure
spectra that are subject of ongoing investigations.
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