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X, Y, Z = dimensional cartesian coordinates

NOMENCLATURE

speed of sound

total energy, p/(’Y— 1)+ p(ui—l—ui)/Q

frequency in Hz
Mach number

pressure
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heat flux
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velocity components
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specific heat ratio, 1.4
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Reynolds stress
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ABSTRACT

Acoustics Analysis of Circular Cylinder using Unsteady

Three dimensional Navier—Stokes equation

by Lee, Sang—-Soo
Advisor : Prof. Kim, Jae—-Soo, Ph. D.
Department of Aerospace Engineering,

Graduate School of Chosun University

The effort aero—acoustic is coming to be various recently from all fields.
Aerodynamic noise that happen in unsteady flow of vortex or effort noise that
happen in jet flow does not expect by causing degradation and instability by
provoking a lot of shocks. Specially, the oscillation vibration of shock wave
happens by flow and interaction between acoustic. Theoretical and analytic
method in the past. However, could plan interference action directly mutually
between flow and sound because computer technology such as latest parallel
processing technique uses computing effort sound developing greatly. To
analysis aero—acoustic needs to a high order and resolution scheme. It is
used to capture the aero—acoustic wave because acoustic energy is much
smaller than flow energy. An optimized compact finite scheme used to spatial



differentiation. The fourth order Runge—Kutta method is used for time
integration.

A generalized characteristic boundary condition applied to reduce
non—physical reflection of acoustics wave at the far-filed boundary. The
artificial dissipation model is important for numerical computation for the
shock in the flow and acoustic. The adaptive nonliner artificial dissipation
model consisted of two terms. first, A 4th—order selective background
smoothing term for acoustics and the other term is 2nd-order well
established terms for the shock. This method is good result of acoustic wave
in present computation. Aero—acoustics computation needs to long time
calculation. Numerical calculations were performed by different type parallel
processing with time discretizations carried out by the 4th—order Runge—Kutta
method. The circular cylinder diameter is 1 and far—filed condition is 40 from
cylinder. The Mach number and the Reynolds number were 0.3 and 300,
respectively. It is found that Laminar Reynolds number range is appear as
phenomenon of acoustics wave and mutually between flow and acoustics at
three dimensional circular cylinder.
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Fig4.2.5 Pressure contour of
circular cylinder at
inflow condition

Fig4.2.6 Three Dimensional Pressure
contour of circular cylinder at
inflow boundary condition
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Fig.4.2.7 Density contour of inflow condition
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Fig.4.2.12 Contours of Density at computational domain(t=5,10 and 15)

41



- Reynolds=400, Mach Number=0.5% 23849 &%

uw} olol 1 7] 9 8Fod Mach NumberE W
FAAA 5 2 FEHSY EALS AHEYY. AAHANA A, EFA FH FAFH

PN

T

o

ot gty AANS 3 F v Fig.4.2.13 Fig.4.2.14 744

St
ot
o
el
=
=
2
N
N
X
2
>
A

Al o] £¢] FAWUSE FATFH FA
FA A W WAL HW A Figd216 A" AAMS Sl AL 99 dFow

ot Ze B} G 5 Atk 80 o Fol: AWM £AF Fo] ol WA 3}

et

M=0.5, Reynolds=400

5

Residual
&
N

5.4

-5.6

o] 20 40 60 80 100

Fig.4.2.13 Residual history for three dimensional circular
cylinder

42



Fig.4.2.14 Contours of Pressure Fig.4.2.15 Contours of Pressure

at computational domain (t=20) at computational domain (t=50)

Fig.4.2.16 Contours of Pressure Fig.4.2.17 Contours of Pressure

at computational domain (t=80) at computational domain (t=100)
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Fig.4.2.19 Contours of Pressure for
Vortex Problem(t=200)

Fig.4.2.20 Contours of Pressure for
Vortex Problem (t=210)
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Fig.4.3.2 Contour of density entire
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. Acoustics Analysis of Circular cylinder using UWeady
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Three Dimensional Navier-Stokes Equation
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