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Analysis of Flow in a Square Cavity with an Oscillating Top Wall
Byoung-Kwang Min and Keun-Shik Chang
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Abstract

The flow induced by the oscillatory motion of a solid body is important in a number of practical
problems. As the solid boundary oscillates harmonically, there is steady streaming motion invo-
ked by the Reynolds stresses, which could cause extensive migration of the fluid during a period
of fluid motion. We here analyzed the flow in a square cavity with an oscillating top wall for the
parameters which make the time derivatives and the convective terms equally important in the
entire cavity flow. The full Navier-Stokes equations are solved by the second-order time
accurate Momentum Coupling Method which is devised by the authors. The particular numerical
scheme does not need subiteration at each time step which is usually a required process to
calculate the incompressble Navier-Stokes equations. The effect of two parameters, the Reynolds
number and the frequency parameter, on the oscillatory flow has been investigated.
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t=n/2 |1.23x107% |-4.10x10°2 - - - 3.20x107° |1.30x10™*
t=3x/4 |1.78x10°* - -2.85X 1072 |-2.15X 1072 [1.25%X107° - -
Re (= B3) =3200
¢a ¢m ¢s2 $83 $e der
t=0 2.60x107 | -3.20X107% | -3.74x107 | -2.10X107* | 1.84x107° -
t=n/4 2.33x107% | -3.65X107 | -5.42x10"° - 7.21x107* | 4.41x10°°
t=n/2 2.38x107% | -3.72x10°% | -5.53x10°* - 8.57x107* | 3.25x107*
t=3n/4 2.70x107° | -3.26x107% | -3.83x107? — 1.93%107 | 9.64x107
Re (=) =5000
Ya 3 Suz ¢n3 gc Je ¢o
t=0 2.88x107% |-3.41x107% |[-4.26X 107 -1.88X107% |3.47x10" - -1.12X107°
t=n/4 |2.67X107% |-3.76X107% |-5.12x 1073 - 2.68%107° [8.96X107° |-2.65X10°°
t=m/2  |2.73X107 |-3.74%107% |-5.29x 10" - 2.69%x107° |3.50x107 |-1.2x107°
t=m/4 |3.02X107* |-3.40X107% -4.55x 1072 - 3.28x107° [9.70x10™* -
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'Fig. 13 Vorticity contours at Re(=48) =400 : (a) ¢=
© 0, (b) t=x/4, (©) t=x/2, (d) t=3n/4

Fig. 14 Instantaneous streamlines at Re(=p)=
1000 : (a) ¢t=0, (b) t=xn/4, (c) t=n/2,
(d) t=3xn/4
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Fig. 15 Vorticity contours at Re(=8)=1000: (a) ¢
=0, (b) t=n/4, (¢} t=nr/2, (d) t=3x/4

Fig. 16 Instantaneous streamlines at Re(=p8)=
3200: (a) t=0, (b) t=n/4, (c) t=n/2,
(d) t=3xr/4
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Fig. 17 Instantaneous streamlines at
5000 : (a) ¢=0, (b) t=rx/4,
(d) t=3rn/4
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