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Abstract
Unsteady flow around bluff bodies such as circular cylinder is a core area of research for scientist for several
years. In the present work a numerical simulation was carried out for flow past a circular cylinder to predict
the flow noise. A two dimensional (2-D) unsteady flow past a circular cylinder has been investigated
numerically for the Reynold number (Re) considered in the range 5.23x105 so that flow is turbulent. The main
objective of this study is to capture the flow and acoustic fields for flow past a circular cylinder in a domain
with the use of Computational Aero-Acoustic (CAA) models. Finite volume method has been used with
unstructured grid arrangement. The incompressible SIMPLE algorithm is used for solving the pressure
velocity coupling. The second order upwind scheme is used both for space and time discretisation. A high
quality grid is used to keep the error minimum. The flow field and the acoustic field obtained using FfowcsWilliams & Hawkings (FW-H) model is compared with Broadband noise source (BNS) model. Beside the
sound pressure level (SPL), flow details such as mean velocity distribution, and velocity fluctuations are
compared and the results are discussed.
Keywords: FW-H; Broadband; CAA; Reynolds number; Surface Acoustic Power; Sound Pressure Level
Nomenclature
English symbols
Free stream velocity
k

Turbulent kinetic energy

I

Turbulent intensity

Re

Reynolds number

Greek symbols
ρ

Density at rotor inlet

μ

Dynamic viscosity
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1. INTRODUCTION
The flow past a 2-D cylinder is one of the areas where extensive research has been carried out. It has numerous
industrial and engineering applications such as cooling towers, oil and gas pipelines, tubular and compact heat
exchangers, cooling of electronic components, and flow dividers in polymer processing applications and so on.
The flow pattern on a cylinder is a function of the Reynolds number ReD=

, based on the cylinder diameter

D and the free-stream velocity U. If the Reynolds number is less than 3x105 (critical Reynolds number) the
boundary layer remains laminar from the stagnation point at the front of the cylinder to the point where it
separates. Above this critical Reynolds number the boundary layer on the forward face of the cylinder
undergoes transition and becomes turbulent. In the present work, the noise produced by the fluid when it
passes over the cylinder is found by means of CAA models. The noise is generated due to various reasons such
as vortices in the wake region, turbulent nature and so on. Most previous numerical investigations have
focused only on the flow fields of the circular cylinders. However, acoustic fields are also an important
fundamental parameter to be studied. So our interest turns towards the prediction of acoustic fields on flow
past a circular cylinder using CAA models in Ansys Fluent 14. In this model, the acoustic source data is
extracted from a transient Computational Fluid Dynamic (CFD) analysis based on an unsteady Shear stress
transport (SST) turbulence model. Most of modern CAA models are based on this FW-H analogy [3].
Recently an LES study has been conducted by Breuer (2000) et al [1] at a high sub-critical Reynolds number
of 1.4x105, and a good comparison with the experimental data, especially in the near wake. Revell et al [2] has
conducted an experiment to determine the quantitative relationship between far field noises and drag
coefficient for a circular cylinder. The experiment included for smooth and roughened cylinder for a Reynolds
number of 4.5x104 to 4.5x105 and Mach number of 0.1 to 0.5.

2. GOVERNING EQUATIONS AND BOUNDARY CONDITIONS
Flow past a circular cylinder has been simulated by solving numerically the unsteady Navier-Stokes equations
for an incompressible fluid in 2-D geometry. The equations for continuity and momentum may be expressed as
follows:

Continuity:
Momentum:

∂ρ
+ ∇.( ρV ) = 0
∂t
∂ ( ρv )
∂ρ ∂τ xx ∂τ yx ∂τ zx
+ ∇.( ρuV ) = −
+
+
+
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∂z
∂ ( ρv )
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+
+
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∂z
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The geometry Figure 2.1 has been drawn using the program design modeler shown in.

Figure 2.1: Computational domain for the flow around a Circular cylinder
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The dimensions related to the geometry are diameter of computational domain (D’) considered for analysis is
2.5 m which is 20 times larger than the diameter of the cylinder (D=0.127m). The boundary conditions
employed for the present investigation (Figure 2.1) are at the inlet, a uniform velocity has been prescribed u =
60 m/s and v = 0. At the outlet atmospheric pressure is used as boundary condition. No slip (u=v=0) boundary
conditions are used for the velocities on the wall.

3. NUMERICAL DETAILS
The grid for the cylinder configuration is shown in Figure 3.1. A high resolution unstructured grid (maximum
skewness = 0.55) with almost 20,000 elements is used for simulation and is created using a program Ansys
Workbench. In-order to capture the boundary layer effects 10 inflation layers are created around the cylinder.
The computations are performed on a serial processor. The flow is considered as 2-D and unsteady. An
incompressible SIMPLE finite volume code is used. Second order scheme is used in both space and time for
convective and diffusive terms. A constant time steps ∆t = 0.01 is used for all calculations. A Convergence
criterion of 1×10-8 RMS is used for each finite volume equation [5].

Figure 3.1: Grid used for computation
In Ansys FLUENT's CAA Model, Lighthill's Acoustic Analogy is applied to find the flow induced noise.
ANSYS Fluent computes the noise resulting from unsteady pressure fluctuations in several ways. The Ffowcs–
Williams and Hawkings acoustics analogy can be used to model the propagation of acoustics sources for
various objects, ranging from exposed bluff bodies to rotating fan blades. Broadband noise source models
allow acoustic sources to be estimated based on the results of steady-state simulations [8]. In this paper, both
the acoustic models are used to study the acoustic fields.

4. RESULTS AND DISCUSSION
Flow-induced noise is becoming a major issue in different industries such as automotive, aerospace and others.
The present work presents the implementation of CAA to investigate flow noise. The sources of flow noise can
be monopole (where there is fluctuation in mass flow), dipole (on surfaces where the flow causes fluctuating
pressure) and quadrupole (turbulent wakes). For flow past a cylinder, noise generated may be due to several
reasons such as
i) vortices in the wake region ii) incident turbulence iii) turbulent boundary layer iv) flow
separation and so on.
4.1 Flow field study for noise source
Figure 4.1shows the Velocity vectors (m/s) around a rotating cylinder at time (t) = 3.459. It is known fact that
if ReD < 3x105 the boundary layer remains laminar from the stagnation point to the point where it gets
separated. The laminar flow pattern will have a high drag coefficient. At ReD > 3x105 the boundary layer
undergoes transition and becomes turbulent. The resulting turbulent flow pattern will have a low drag
coefficient. The turbulent boundary layer is less vulnerable to adverse pressure gradients. The flow in the
turbulent boundary layer remains attached to the surface of the cylinder for a greater extent. As a result the
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wake is much narrower; the pressure drag is greatly reduced. Keeping it in mind it is implied from the velocity
vector in Figure 4.1 that the flow is attached to a greater extent. The wake region behind the cylinder has small
eddies which could be a possible source of noise. Other sources of noise could be interaction of turbulent flow
with the cylinder wall, flow separation, self-noise of eddies and so on [7].

Figure 4.1: Velocity vectors (m/s) around a rotating cylinder for a ReD=5.23x105 at time (t) = 3.459

4.2 Broadband Noise Source Model
First part of result is obtained using Broadband noise source model. Figure 4.2 shows the results of turbulence
intensity (I) which is defined as:

I

with ‘U’ mean velocity and ‘k’ turbulent kinetic energy, which is a

product of Reynolds stress tensor, obtained from simulation. This turbulent intensity is influential for broadband noise level presented in Figure 4.3. The variation of both parameters looks almost similar.

Figure 4.2: Turbulent intensity (%) contour around a rotating cylinder for a ReD=5.23x105 at time (t) = 3.459
Figure 4.3 shows Acoustic power level (dB) contour around a rotating cylinder for a ReD=5.23x105 at time (t)
= 3.459. Acoustic power level is a measure of quadrupole noise source. It shows that maximum value of
acoustic power (about 90 dB) lies in the wake region of the cylinder. The reason is the turbulent wake which
raises the turbulent intensity in that region. The turbulent wake will act as a quadrupole source which in turn
increases the acoustic power in that region. But this is not the major noise source.
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Figure 4.3: Acoustic Power (dB) around a rotating cylinder for a ReD=5.23x105 at time (t) = 3.459

The major noise source in an unsteady flow over cylinder is due to dipole type source. Surface Acoustic power
level is a measure of dipole noise source. Figure 4.4 shows Surface Acoustic Power (dB) in cylinder wall for a
ReD = 5.23x105 at time (t) = 3.459. It shows that maximum value of surface acoustic power in the cylinder wall
is about 127 dB. The reason is the fluctuating pressure values in the cylinder wall. The fluctuating pressure in
the wall will act as a dipole source which in turn increases the surface acoustic power in that region.

Figure 4.4: Surface Acoustic Power (dB) in cylinder wall for a ReD=5.23x105 at time (t) = 3.459
4.3 Ffowcs-Williams & Hawkings acoustic model
This part of result is obtained using Ffowcs–Williams and Hawkings model. The result displayed in Figure 4.5
is achieved by the FFT (Fast Fourier Transform). Figure 4.5 shows the graph between sound pressure level and
the frequency. It is found that the maximum noise is occurring at a frequency of 10-100 Hz. But in the audio
frequency range (16 Hz – 20000 Hz) there are 2 significant frequencies [4].
The total sound pressure level calculated using FW-H model is about 192 dB for a Reynolds number (ReD) =
5.23x105. This noise level is very high because FW-H model over predicts the value which could be due to
various reasons. There are 3 steps in the acoustic computation using FW-H model. First step is the
computation of flow field. Second step is the calculation of acoustic signal is evaluated at the observer point.
Final step is the SPL at the observer point is corrected with a length correlation formula. Although the
simulations have failed to predict the flow fields in detail, the overall agreement is appropriate. Therefore a
lack of the accuracy in the flow field data cannot be the only reason of the deviation in the SPL values.
Figure 4.6 shows the acoustic pressure at receiver 1for a ReD=5.23x105 at time (t) = 3.459. Acoustic pressure is
the local pressure deviation from the ambient atmospheric pressure, caused by a sound wave. The hearing
threshold is about 20 µPa and pain threshold is 2x102 Pa. It is possible to point out that the flow generates
several acoustic wave almost similar amplitudes and frequencies and their composition formed the resulting
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signal. Acoustic waves are generated with higher acoustic pressure. They are produced almost periodically and
acoustic pressure balances the same way.

Figure 4.5: Sound Pressure Level (dB) in cylinder wall for a ReD=5.23x105 at time (t) = 3.459

Figure 4.6: Acoustic pressure at receiver 1for a ReD=5.23x105 at time (t) = 3.459
Table 4.1compares the flow /acoustic data computed using Broadband noise source model and FW-H model.
The overall noise predicted by Broadband noise source model and FW-H model are 127 dB and 192 dB.
Broadband noise source model predicts the acoustic data close to the previous researchers whereas the FW-H
over-predicts the noise value.
Table 4.1: Comparison of flow field/acoustic data: FW-H model and Broadband noise source model
Parameter

Location

Sound Pressure Level

Receiver 1, 2, 3 – 1 m
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(dB)
Acoustic Power Level
(dB)
Surface Acoustic Power
Level (dB)
Total noise Level (dB)
Turbulent Intensity (%)
Vorticity
Turbulent Kinetic
energy

from source

Receiver 2 – 183 dB
Receiver 3 - 178 dB

Measured from source

85 dB

-

Measured from source

127 dB

-

Measured from source
outlet
outlet

127 dB
5.61
133.33

5.48
131.43

outlet

36.96

39.59

4.4 Validation of acoustic results
Jared S cox et al [6] has predicted the noise level for flow over a cylinder as 120 dB for a Reynolds number of
5x105. In this paper, for a Reynolds number of 5.23x105 the noise level has been predicted as 127 dB and 192
dB using Broadband noise source model and FW-H model respectively. The reasons behind the over
prediction of noise level in FW-H model has been already discussed in this paper. These deviations can be
overcome by choosing proper values for correlation length.

5

CONCLUSION

The noise generated by the unsteady flow over a circular cylinder highly depends on the accuracy of the CFD
numerical method employed. In the present study a 2-D simulation has been carried out for a high Reynolds
number of 5.23x105. The grids and time steps employed are too coarse to resolve the turbulent eddies
sufficiently and so the deviations in the computation are probably more a numerical error rather than a
representation of any physics. Two acoustic models namely Broadband noise source model and FW-H model
have been tried to calculate the far-field noise. The noise predicted by the Broadband noise source model and
FW-H model at Re = 5x105 are 127 dB and 192 dB. The noise level predicted by Broadband noise source
model is close to the result of previous researchers. Therefore it appears that current CAA models may be best
suited for predicting the flow noise of an unsteady circular cylinder flows in a fully turbulent regime.
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