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NUMERICAL SIMULATION OF HIGH REYNOLDS NUMBER FLOWS
AROUND A CIRCULAR CYLINDER USING THE SMAGORINSKY'S EDDY VISCOSITY

Bk F AN TITFLeSFy b
By Takashi NOMURA and Mongkol JIRAVACHARADET

High Reynolds number flows [Re=10%-10"] around a circular cylinder are
simulated by using a finite element implementation of the standard large
eddy simulation with the Smagorinsky's eddy viscosity. Restricted by
computer capacity with respect to future extension to flow-induced
vibration analysis, the average flow is assumed two dimensional and
fairly rough mesh is used. However, by introducing the Van Driest
damping function with some modifications, the famous drag drop crisis
between the sub-critical regime and the super-critical regime is captured.
The present computations have been encouraged by the "coherent structure
capturing" concept, newly proposed by Ferziger, and may be regarded as
supporting the concept.
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— Present simulation

---- Two-layer RSE by Franke et al.
10| Two-layer k~¢ by Franke et al.

B10 RO L O EFTETE S DR R FEME O L (Re =1.4X10°)

Franke 51255 2B LA VA HBRRXEFNE 2Bk—e EFNVICL BB EO L EBITRLD
DTHLH, BREOEETCIERES BN TV AR TIRI—KLTWE,

5. 8hWIC

Smagorinsky DiR¥EE T V% Fivi7z LES & Van Driest ® damping function Z BWTHET b
DOBmUA I VABIENO B 47072, B0, EBREHwA Yy 2k, FHRIELTZ X
TOBRPEOREOBMANMEETIPERT A 2L 2do 24y, ¥R L UBHERB THIRES
BTTAE8%, BEERTOTIEIRVY, 525280 TEL. LA VAEFRENVE TS
FitET 5 EF O damping function ¥ PR LTWA AR E, EFEMNLETHEMETRETENR
BEL{HHEEDNED, RLEANOKREREHRFTZICHTSHNOE 1 BRI HRIRERP A Pa—2
VR EOBEEY TEWICEROD 2E8HENTFHTLI L CH D LTHIE, AR THWET /1
~FIORBEVHLbDEEZTWD., T2, KHEOMITIE, TLEHLINTWEWCSC &) &
BBICEINELIO0LLEZON, COCRAMATEHETL 1AL L o0 TREVRLERZTVS,

BEYR

1) 5—ERkR - &L, B4 E, AE, 1980.

2) T. Tamura, |. Ohta and K. Kuwahara : On the reliability of two-dimensional simulation for unsteady
flows around a cylinder-type structure, J. Wind Engrg. Ind. Aerodyn., Vol.35, pp.275-298, 1990.

3) J. H. Ferziger : Approaches to turbulent flow computation : Applications to flows over obstacles, J.
Wind Engrg. Ind. Aerodyn., Vol.35, pp.1-19, 1990.

4) W. Rodi : On the simulation of turbulent flow past bluff bodies, J. Wind Engrg., No.52, pp.1-17, 1992.

5) J. W. Deardorff : A numerical study of three-dimensional turbulent channel flow at large Reynolds

— 433 —



number, J. Fluid Mech., Vol. 41, pp.453-480, 1970.

6) P. Moin and J. Kim : Numerical investigation of turbulent channel flow, J. Fluid Mech., Vol.118,
pp.341-377, 1982,

7) K. Horiuti : Comparioson of conservative and rotational forms in large eddy simulation of turbulent
channel flow, J. Comput. Phys., Vol.71, pp.343-370, 1987.

8) J. H. Ferziger : Simulation of complex turbulent flows : Recent advances and prospects in wind
engineering, J. Wind Engrg., No. 52 (Supplement}, pp.1-19, 1992.

9) S. Murakami : Comparison of various turbulence models applied to a bluff body, J. Wind Engrg.,
No.52, pp.164-179, 1992.

10) C. S.C. Song and M Yuan : Simulation of vortex-shedding flows about a circular cylinder at high
Reynolds numbers, J. Fluid Engrg., Vol.112, pp.155-163, 1990.

11) hIEET-2=, JIE3L : Large Eddy Simulation |- & 3 3EE BELKRRMN, ESEFTEHEIVRIIL
FAXE, pp.81-88,1991.

12) BT, 5 LESIC& 3 2 R B ORBHRND 3 R (DMS, k-e, EBREDHE,
HARRIFE, pp.79-80, 1991.

18) BHEE I ALERREREICL 20 - BEHERBITAOFRT « BEFEOHEE EEEATEICH
TEHE, TKREERNE, No.455/1-21, pp.55-63, 1992.

14) T. Nomura ; Finite element analysis of vortex-induced vibrations of bluff cylinders, J. Wind Engrg.,
No.52, pp.553-558, 1992,

15) A. N. Brooks and T. J. R Hughes : Streamline upwind /Petrov-Galerkin formulations for convection

dominated flows with particular emphasis on the incompressible Navie-Stokes equations, Comput.

Meths, Appl. Mech. Engrg., Vol.32, pp.193-259, 1982.

E. R Van Driest : On turbulent flow near a wall, J. Aero. Sci., Vol.23, pp.1007-1011, 1956.

EALh, ¥ WEEE, 4%, 1977.

R D.Blevins :Flow-Induced Vibration, 2nd edn., Van Nostrand Reinhold, 1990.

B. Cantwell and D. Coles : An experimental study of entrainment and transport in the turbulent

near-wake of a circular cylinder, J. Fluid Mech., Vol.136, pp. 321-374, 1983.

20) A. Roshko : Experiments on the flow pasta circular cylinder at very high Reynolds number, J. Fluid
Mech., Voi.10, pp.345-356, 1961.

16
17
18
19

—_ D >

(1993 £ 9 A 16 AR

— 434 —



