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A Study on the Flow around the Circular Cylinder
at Low Reynolds Number
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Abstract

As a circular cylinder has a comparatively simple shape and becomes a basic problem for
flows around other various shapes of bodies, the problem of two-dimensional viscous flow
around the circular cylinder has been investigated, both theoretically and experimentally. But
not a few problems are left unsolved.

[t is well known that the calculations are successfully made with the approximations of
Stokes or Oseen for very low Reynolds numbers, but as Reynolds number is increased, Oseen's
approximations as well as Stokes’s ones beccme more and more remote from the exact solution
of the Navier-Stokes equations.

Therefore, in this papzr, the authors transform the Navier-Stokes equations into the {inite
differen:z> equations in th2 steady two-dimensional viscous flow at Reynolds number up to 45,
and then solve th: solation of the Navier-Stokes equations numerically. Also, the authors
examine the accuracy of the solution by means of flow visualization with aluminum powder.

The main results are as follows;

(1) The critical Reynolds number at which twin vortices begin to form in the rear of the

circular cylinder is found to be 6 in the experiment and 4 in the numerical solution,

(2) As Reynolds number is increased, it is proved that the ratio of the length of the twin

vortices to thé diamater is grown almost linearly, both experimentally and numerically.

(3) Separation angle is also increased according to Reynolds number. But it is found that it

would converge into 101.3 degrees, both experimentally and numerically.
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Nomenclature

Cp : Drag coefficient

4 : Diameter of a circular cylinder

D : Width of the open channel

f  : Any function of a point

f» 1 Value at the point O in X-Y coordinates

fu 1 Average value of four neighbouring points in X-Y coordinates
: The height of a circular cylinder

n : Distance between grid points

P : Static pressure

Re : Reynolds number

. The length of the twin vortices

: Uniform velocity

. Velocity vector

x,¥ : Rectangular coordinates of the physical plane

r,8 : Polar coordinates of the physical plane

X, Y : Transformed rectangular coocrdinates

a  : Separation angle

0 : Density

v : Kinematic viscosity

¥  : Stream function

¢  : Disturbance stream function
14 : Vorticity
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