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The Study of Kinematics and Dynamics of Oscillating Laminar Flow
About a Cylinder

M. S. Saidi and M. Saghafian

Department of Mechanical Engineering, Isfahan University of Technology

ABSTRACT- In this paper, the oscillating two-dimensional laminar flow about a cylinder and the oscillation of a
cylinder in still water are studied. A finite volume method is applied to solve the Navier Stokes equations using
SIMPLEC algorithm on a body fitted co-located O-type grid. In this study, the non-dimensional flow numbers,
Keulegan-Carpenter and Stokes’ numbers are chosen over a range where different laminar flow regimes are
normally three-dimensional. The results of this simulation and comparison with numerical and experimental works
indicate the good capability of this two-dimensional model in showing the various regimes of flow patterns and
vortex shedding. Considering the forces exerted on the cylinder, this study shows that in cases where the flow is of a
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regular type, there is a good match between longitudinal force presented by this work and the one calculated through
Morrison’s equation. But for irregular flows where the flow pattern changes in each cycle, there is less overlap and
the accuracy of Morrison’s equation is reduced. Studying the time variation of the transversal force gives accurate
information about the vortex shedding and its frequency in each cycle and mode changing. Since the flow mode
changes continuously with time, the average of transversal and longitudinal forces on consecutive cycles is not a
good representation of the force exerted on the cylinder. On the other hand, the model has satisfactorily reproduced
the time variation of the tranversal and longitudinal forces of a pure mode, matching the experimental results.

Keywords: Oscillating flow, Laminar flow about a cylinder, Numerical solution
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b5 o8 5 ad S ) -V D

/D | A/D | Ru/D | mg | n, | T/st| Cp| Cul| ¢ |G | Com
Al 0005] 32 50 102 | 102 | 100 | 1.562 | 2.333 | 1.066 | 3.169 | 0.866
B| 0.005| 3.2 50 102 | 102 | 200 | 1.663 ] 2.166 | 1.066 | 3.182 | 1.060
C| 0.005] 32 50 102 | 102 | 400 | 1.704 | 2.106 | 1.066 | 3.178 | 1.160
D| 0.005] 3.2 50 130 | 130 | 200 | 1.699 | 2.188 | 1.066 | 3.162 | 1.077
E| 0.005| 7.3 100 115 | 102 | 200 | 1.688 | 2.150 | 1.066 | 3.168 | 1.180
F| 002] 15 36 102 | 102 | 200 | 1.710 ] 2.137 | 1.044 | 3.201 | 1.350
G| 001 0.83 20 102 | 102 | 200 | 1.690 | 2.153 | 1.045 | 3.192 | 1.156
H| 001] 1.3 20 74 74 200 | 1.700 | 2.153 | 1.070 | 3.171 | 1.200
1| 0.02] 1.05 27 102 | 102 | 200 | 1.710 | 2.152 | 1.040 | 3.186 | 1.237
J| o001 05 20 160 | 130 | 200 | 1.636 | 2201 | 1.025 | 3.160 | 1.270
K| 001 1.14 20 84 102 | 200 | 1.693 | 2.151 ] 1.058| 3.175| 1.152
L| o001 143 25 88 102 | 200 | 1.680 | 2.152 | 1.058 | 3.168 | 1.160
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1. attached 5. third vortex
2. asymmetric 6. Smagorinsky
3. transverse 7. convective

4. diagonal 8. SIMPLEC
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