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NOMENCLATURE

a Speed of sound

Cp Drag coefficient

C Lift coefficient

C, Pressure coefficient

e Total energy, p/(A— 1)+ p(u? +u§)/2
bi Frequency in Hz

M Mach number

P Static Pressure

q Heat flux

Re Reynolds number, p. U, D/u.,

A, Spanwise wavelength

St Strouhal number

t time

T Temperature

U Freestream Velocity (m/s)

U, Uy W Velocity component

z,Y, 2 Normalized cartesian coordinates, X/D, Y/D and Z/D

XY, Z Dimensional cartesian coordinates

Greek Symbols

5 Specific heat ratio, 1.4

i Viscosity

p Density

T Reynolds stress
Subscripts

() Freestream condition

(e f Reference value



(), Viscosity



ABSTRACT

Numerical Analysis of the Flow Around a Rotary
Oscillation Circular Cylinder using Unsteady

Two Dimensional Navier-Stokes Equations

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

Graduate School of Chosun University

Although the geometry of circular cylinder is simple, the flow is very
complicated because of flow separation and vortex shedding. Despite the research
for flow over a circular cylinder has been numerically and experimentally carried
out, the flow has not been clarified even now. It has been known that the vortex
shedding from a circular cylinder can make unsteady flow and cause a structure to
vibrate. The most important phenomenon is Lock-on for the flow analysis around
an oscillating circular cylinder. The lock-on phenomenon showed that when the
oscillation frequency of the circular cylinder is at or near the frequency of vortex
shedding from a stationary cylinder, the vortex shedding synchronizes with the
cylinder motion. This phenomenon can be recognized by the spectral analysis of
the lift coefficient history. At vortex Lock-on region the shedding frequency is
modulated to the body frequency and a single peak appears in the frequency
analysis.

In this paper, it were analyzed the relation between the oscillating frequency of
rotary oscillation circular cylinder and the vortex shedding frequency. In particular,

the frequencies of the lift and drag coefficient are compared with the frequency of

Vi



rotary oscillation at lock-on and non-lock-on region. The frequencies of rotating
oscillation are near the Strouhal number of the flow around a stationary circular
cylinder at Mach number of 0.3 and Reynolds number of 1000, and the maximum

oscillating angles are 6,,,, =5°,8",10"and 17" .
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Fig. 3.2.1 2nd order finite differentiation Fig. 3.2.2 4th order finite differentiation
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Al 4 A AF A F(Adaptive Nonlinear Artificial Dissipation model)
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