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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

1. Morison, D. J., O’Brien, M. P., Johnson,J. W. &
Schaf, S. A. “The force exerted by surface wave on
piles,” Petrol. Trans. Vol.189, pp.149-157,1950.

2. Stokes, G. G. “On the effect of the internal friction
of fluids on the motion of pendulums,” Trans.
Ccamb. Phil. Soc.,Vol. 9,pp. 8-106, 1851.

3. Wang, C.-Y. “On high-frequency oscillating viscous
flows,” J. Fluid Mech, Vol. 32, pp. 55-68, 1968.

4. Kulegan, G. H. & Carpenter, L. H. “Forces on
cylinders and plates in an oscillating fluid,” J. Res.
Nat. Bur. Standards,Vol. 60, pp. 423-440, 1958.

5. Honji, H. “Streaked flow around an oscillating
circular cylinder,” J. fluid Mech. Vol. 107, 509-520,
1981.

6. Obasaju, E. D., Bearman, P. W. & Graham, M. R.
“A study of forces, circulation and vortex patterns
around a circular cylinder in oscillating flow,” J.
Fluid Mech, Vol. 196, pp. 467-494, 1988.

7. Tatsuno, M. & Bearman, P. W. “A visual study of
the flow around an oscillating circular cylinder at
low Keulegan-Carpenter numbers and low stokes
numbers,” J. Fluid Mech, Vol. 211, pp. 157-182,
1990.

8. Sarpkaya, T. “Force on a circular cylinder in viscous
oscillatory flow at low Keulegan-Carpenter
numbers,” J. Fluid Mech, Vol. 165, pp. 61-71, 1986.

9. Williamson,C.HK. “Sinusoidal low relative to
circular cylinders,” J.Fluid Mech. Vol. 155, pp.141-
174, 1985.

10. Justesen, P. “A numerical study of oscillating flow
around a circular cylinder,” J. fluid mech. Vol. 222,
pp. 157-196, 1991.

ARA

)sgu\w&iaqu@.sﬁjvs‘wlﬂﬁﬂ
le aislin spd o Lol 5558 o Al 1 g o
sl S0 ay S (b K o b g3 [ s

s S o OF 53 0 i3 slaads S

(S —wra> —t
M@jb})ﬁﬁo—ui))jlabu.wlbduaw\)b

Ol s oS sl 5 sl il o s 15 S

4l ojb

9. Dbody fitted

10. collocated

11. QUICK

12. Crank Nicolson

elr

11. Badr,H. M., Denis, S. C. R.Kocabiyik, S. &
Nguyen, P. “Viscous oscillatory flow about a
circular cylinder at small to moderate Strouhal
number,”  J. fluid Mech. Vol. 303, pp.215-232,
1995.

12. Zhang, J. & Dalton, C. “The onset of a three-
dimensional wake in two-dimensional oscillatory
flow past a circular cylinder,” Proceedings of the
Sixth  Asian  Congress of Fluid Mechanics,
Singapure, 1508-1511, 1995.

13. Lu, X., Dalton, C. & Zhang, J. “ Application of
large eddy simulation to an oscillating flow past a
circular cylinder,” Journal of Fluid Engng, Vol. 119,
pp. 519-525, 1997.

14. Dutsch, H., Durst, F., Becker, S. & Lienhart, H.
“Low Reynolds number flow around and oscillating
circular cylinder at low Kewlegan-Carpenter
numbers,” J. Fluid Mech. Vol. 360, pp.249-271,
1998.

15. Hall, P. “On the stability of unsteady boundary layer
on a cylinder oscillating transversely in a viscous
fluid,” J. Fluid Mech. Vol. 146, pp. 347-367, 1984.

16. Badri, Molki, Saidi, ”Numerical solution of laminar
low Reynolds number over a circular cylinder”,
Proceedings of the Third Conference of Fluid
Dynamics, Tehran, Iran, Jan 1994,

17. Orlanski, 1., “A simple boundary condition for
unbounded hyperbolic flows,” J. Comp. Physics,
Vol.21, pp.251-269, 1976

\Y’/\' )ﬁ_}‘@"; t\ SJLA-\; c“' JL« gJM&\


https://dorl.net/dor/20.1001.1.2251600.1380.20.1.12.7
http://www.tcpdf.org

