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Abstract

To develop the code of predicting flow-field and aeroacoustic noise by an electrical cable, a combined CFD-Acoustic 

analogy approach is selected. The two dimensional, unsteady and incompressible Reynolds-averaged Navier-Stokes solver 

with KT) and K-(D SST turbulence modeling is used to calculate the near flow-field around an electric cable. Near-field 

results are then coupled with two-dimensional Curie's integral formulation based upon Lighthilf s acoustic analogy with 

the assumption of acoustic compactness. To validate this code, numerical results are compared with experimental data 

fbr a circular cylinder. The simulation shows an overprediction on acoustic amplitudes, but overally speaking, the spectrum 

pattern of sound pressxire agrees well with experiment within an acceptable amount of error. In addition, a few cross-sections 

of the cable were selected and tested with each other in terms of drag and radiated noise
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I. Introd니dion

Aerodynamic design of a low-drag electric cable which 

is responsible for the transmission of electric power may 

prevent short-circuit of the cable or breakdown of power 

transmission tower by a windstorm. It can reduce the 

possible cost due to accident of a power failure. Therefore 

the aerodynamics around the electrical cable should not 

be ignored. Also, recently, the concern about environmental 

issue fbr noise is increasing with public regul거ion of 

noise level fbr various sources of sound. The research fbr 

reduction of noise is briskly being progressed.

Sound may be emitted whenever a relative motion exists 

between two fluids or between fluid and surface. The 

sound radiated by flow across a circular cylinder like the 
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electric cable, well-known as the aeolian tone, is one of 

the most fimdamental phenomena of aeroacoustics, which 

contains the problems of vortex shedding, Reynolds number 

dependence and spatial correlations of the forces, etc. 

Even though it is such a basic problem, it is still very 

difficult to simulate the sound field directly using CFD 

(Computational Fluid Dynamics) techniques due to the 

required numerical accuracy and computation time[13-15]. 

Considering the available computing power, the most 

appropriate prediction method of sound field is a combination 

of CFD with an acoustic solver based upon acoustic 

analogy[5] or Kirchhoff fbrmulation[ll].

Nowadays the environmental noise is conceived as one 

disturbing our daily lives. Aerodynamic noise by an 

interaction between air-flow and an electric cable may 

bother residents seriously. Therefore it is necessary to 

apply aerodynamics and aeroacoustics simultaneoxisly about 
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this problem.

In this study, the objective is the development of code 

to analyze the flow field around the electric cable and 

flow-induced noise. To numerically simulate the flow field, 

the two dimensional, unsteady and incompressible Navier- 

Stokes equation with two equation turbulence modeling is 

used. And the near-field data obtained by using the Navier- 

Stokes equation is used to predict the acoustic far-field. 

The governing equation to predict far field is Curie's 

formulation based upon the Lighthill's acoustic analogy[5]. 

To validate the code, the numerically predicted results are 

compared with the experimental data for a circular cylinder. 

And the numerical study is also performed for the electric 

cable having a different cross-section configuration.

II. Near-field Analysis

The two-dimensional, unsteady and incompressible Navier- 

Stokes equation is used to predict the near-field around 

a circular cylinder. The governing equation is as follows.

⑴

晋+却",%)=

一豁+毫M翌+静-斜器)}⑵

As shown in Eq. (1) and (2), the continuity and momentum 

eqmtion are perfectly decoupled in the incompressible 

Navier-Stokes equation. Therefore great care is required 

to obtain the pressure field. In present study, pseudo

compressibility method is used to acquire the pressure 

field. The pseudo-compressibility relation is introduced to 

relate pressure field with velocity field and pseudo-time 

derivative of velocity is added too. This procedure is 

called dual-time stepping. At each time level, discretized 

governing equation is solved as pseudo-time goes on until 

convergence is obtained] 1,2]. The finite volume approach 

is employed with a third order upwind spatial differencing 

for the inviscid flux and a second order central differencing 

for viscous flux term. The calculation is advanced implicitly 

in time using LU-SGS (Lower Upper - Symmetric Gauss 

Siedel) methods. The turbulence modelings used in this 

study are K-(i) and K-(D SST (Shear Stress Tranport) 

model[3-4]. No-slip conditions and Riemann boundary 

conditions are imposed on the body surface and the outflow 

boundary, respectively. Computations are carried out on 

a O-type mesh configuration. A total of 129x65 mesh 

cells are used in these simulations.

III. Acoustic Prediction

Aerodynamic sound generated by flow around the body 

such as the electric cable can be divided by dipole term 

due to aerodynamic loads on the body surface and quadrupole 

term due to fluctuations of fluid stress around the body. 

The singing of the wind through the electric cable is called 

as aeolian tones. The nature of the flow around the cylinder 

moving through a fluid with a subsonic velocity is largely 

determined by the Reynolds number based on the cylinder 

diameter. When this quantity is sufficiently small, the flow 

is steady and its main effect is to cause a drag force on 

the cylinder. However, the flow becomes unstable to small 

disturbances at a Reynolds number of 50, and the wake 

starts to oscillate beginning at a point some distance 

downstream of the cylinder. Further increase of this 

parameter causes the oscillations in the wake to move 

upstream until, when the Reynolds number reaches about 

60, the oscillations appear as the alternate shedding of 

lumps of fluid from the top and bottom of the cylinder. 

Most of vorticity in the wake is now concentrated in these 

lumps, which move downstream in a regular array called 

the Karman vortex street. The periodic shedding of 

vorticity into the wake exerts a periodic lift force on the 

cylinder and it is this oscillating force which is mainly 

responsible for the aeolian tones. The vortex shedding also 

induces a periodic drag force on the cylinder, which turns 

out to be quite small compared with the fluctuating lift. 

The unsteady flow-field information from two-dimensional 

incompressible Navier-Stokes solver is used as an input 

for acoustic fer-field prediction. Curie* s integral formulation, 
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which represents the sound generated by a solid surface 

in uniform velocity, can be expressed as fdllowing[5,6]

4心'(“*)= -毫 丄[罗]齊少+

1聂孔[끄]严。) ⑶

where T is the retarded time, t is sound receiving time, 

y is the coordinates of source of sound, x is the position 

of observer and r is the distance between source and 

observer. If both the body and the aerodynamic flow 

region are small compared with the typical acoustic length, 

the source region is assumed to be acoustically compact. 

The far-field acoustic pressure can be approximated by

贝槌=击土门务如—능丄）+
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(5)

are, respectively, point dipole and quadrupole sources which 

are representative of volume and compact surface radiation. 

Curie* s three dimensional results can be transformed into 

two dimensional version by integrating Eq.(4) over a 

infinite span[7]. The result is

i co

+击士善卩"衣 (6) 
m Co \x\ Jo

where

t—己"cosh f (retarded time ).

IV. Results

4.1. Validation of Code
To validate the developed prediction code, the numerical 

results for the circ미ar cylinder are compared with the 

experimental data. Figure 1 shows the grid system for 

computation of near field aerodynamics.

The time histories of lift and drag coefficients of laminar 

and turbulent flow simulations at a Reynolds number of 

54000 are shown in Figure 2 and Figure 3. For laminar 

flow simulation, the physical time step ( a of 0.02, 30 

times sub-iteration and P (pseudo-compressibility) of 800 are 

used and for turbulent flow case, same numeric이 inputs are 

applied except the case of compressibility factor P of 400.

From the result of Figure 2, the history of lift coefficient 

shows a sinusoidal form corresponding to Strouhal number 

(St= fDj U) of 0.2 for laminar, 0.192 for K-(D turbulence 

modeling and 0.194 for K-G) SST turbulence modeling. 

These results for turbulence modeling agree well with the 

experimental data in terms of Strouhal number [8], There 

is a maximum difference of 86% in amplitude of lift and 

drag coefficients as compared with each other. When 

compared with experiment, the prediction of flow-field 

using the K-G) SST model gives the best result. This is 

because the modified K-G) model improves the prediction 

capability of flow with strong adverse pressure gradient.

Figure 1. Grid system for computation.
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Figure 3. Drag coefficient for reynolds number of 54000.Figure 2. Lift coefficient for reynolds number of 54000.

Pressure Contouratnon리menslon지 time 102sec

1.24763 
q 14785 
1>04806 
後8274 
O.84S487 
a748701 
0枷914 
(^549128 

-0.449342 |-Ot349555 
-0^249769 

I 0.149982 
|] 0 050196 
"ao/95%34

19377

(a)

Contour of turbulent kinetic energy at time 102sec

I 틜

Pressure Contour at nondfanensfonal time 104sec
Contourof turbulent kinetic energy at time 104sec

(b) 

Fig니「e 4. Contours of pressure and turbulent kinetic energy at instantaneous time 100 and 102 sec.

Figure 4(a) and 4(b) depict contours of turbulent kineticenergy of simulation with K-o)SST model at instantaneous times
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Figure 5. One point aco나Stic pressure time history at reynolds 
number of 41000 at 90 degrees position.

100 (maximum lift) and 102 (minimum lift).

The Figure 5 represents the one point acoustic pressure 

time history from calculation with Eq. (6) at Reynolds 

number of 54000 by coupling CFD and acoustic codes.

Unlike the two-dimensional flow-field calculation, the 

acoustic s이ver is calculated by integration over infinite 

span. And the wavelength is very large compared to the 

body diameter, so source of sound is considered as a 

compact. In this simulation spanwise correlation length for 

the effect of randomly varying phase along the span is 

not considered. This is because vortex shedding is correlated 

only over finite span length. If a model having a span 

length smaller than ten times diameter is used, a consideration 

of spanwise correlation is essential to the simulation of 

the sound field. The calculation is carried out at 90 

degrees from the cylinder and 25 times the diameter away. 

The predicted, one-point far-field acoustic pressure has a 

sinusoidal waveform. Figure 6 shows the directivity pattern 

of sound. These results represent the dip이e nature of the 

acoustic radiation due to lift variation with a symmetry 

about x-axis and show that the coupling of CFD and 

acoustic solver using Curie* s integral formulation predicts 

sound directivity pattern, correctly.

Predicted sound pressure level using Fourier transfoimation 

is compared with experimental data in Figure 7[9]. The 

observer position is the same as the case of Figure 5. The 

amplitudes are overpredicted by about 15 dB at a fimdamental 

frequency for the case of the k-g)SST turbulence modeling 

which predicts the smallest values of force coefficients. 

The discrepancy of amplitude between simulation and 

experiment can be explained by three- dimensional effect 

as follows. The vortex shedding is not two dimensional 

in nature [10]. In CFD calculation, the vortex shedding is 

modeled as a completely coherent structure. Overestimation 

of force coefficients has a significant effect upon amplitudes 

of noise spectrum. In other reason, Curie* s formulation 

in present study is integrated over infinite span. Therefore 

wrong signals due to the infinite span appeared. But overally 

speaking, the spectrum pattern of sound pressure level 

Figure 6. Directivity of sound (dipole is dominant).
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Figure 7. Sound 이css니「e level at Reynolds number of 54000.
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agrees well with that of experiment within an acceptable 

bound of error.

4.2. Drag and Noise Due to Change of Cross- 
sectional Shape

The numerical simulation of effect of cross-sectional 

shape upon sound pressure level is performed. The diameter 

of electric cable is 0.05 m and the flow velocity is 20 

m/s (Reynolds number of 66000). The circular and elliptic 

shapes are considered. In fact, if the body takes on the 

streamlined shape, the drag and noise will be reduced. But 

this situation is not realistic by technical and economical 

restriction. Also the flow direction may be randomly 

changed. In present study, the incoming flow direction is 

same with the case of circular cylinder.

The cross-sectional area of elliptic shape is larger than 

that of circular cylinder about 20 %. Figure 8 shows the 

time histories of lift and drag coefficients for circular and 

elliptic cylinder. The mean drag for elliptic cylinder is 

smaller than the case of circular cylinder. The Strouhal 

numbers are 0.198 for circular shape and 0.206 for elliptic 

cylinder, respectively. The fluctuating lift is also small fbr 

elliptic cylinder. Figure 9 represents the predicted noise 

spectrum, which is based upon the results of Figure 7. For 

elliptic shape, the amplitude at the fundamental frequency 

is 90 dB compared to the case of circular cylinder 93 dB. 

Therefore we may conclude that the elliptic shape is 

efficient for drag and noise reduction.

V. Con어 usion

In present study, the code fbr numerical prediction of 

near field aerodynamics and far field acoustics was developed 

fbr the simulation of low drag/noise electric cable. The 

two-dimensional, unsteady and incompressible Reynolds 

averaged Navier-Stokes solver was used to calculate the 

flow field. And Curie* s integral formulation based on the 

acoustic analogy was used to compute the aerodynamic 

sound.

To validate the code, the prediction results were compared 

with the experimental data. The frequency characteristics 

match well with those of experiment in terms of Strouhal 

number. But amplitudes at the fundamental frequency 

were overpredicted. The difference between experiment 

and simulation can be explained by the characteristics of 

Curie* s formulation being integrated over infinite span 

and three-dimensional vortex shedding characteristics. If 

three-dimensional flow-field calculation is carried out, the 

better results will be expected.

And the preliminary study about low drag/noise of 

electric cable due to change of cross-sectional shape was 

also performed.
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Figure 9. Sound pressure level for circular and elliptic cylinder.
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Nomenclatures

福 delta function

p density

v kinematic viscosity

r retarded time

了 integration variable

c0 speed of sound

nj surface normal vector

p pressure

力' acoustic pressure

Uj velocity component

r distance between observer and source

(y= \x- y I) 

t time

丁紡 Lighthill stress tensor

Xj cartesian coordinate

y source coordinate
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