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SE-412 96 Giteborg, Sweden Large eddy simulation of flow past a rigid prism of a square cross section with one side

facing the oncoming flow at Re2.2x10% is performed. An incompressible code is used
employing an implicit fractional step method finite volume with second-order accuracy in
C. Norberg space and time. Three different subgrid scale models: the Smagorinsky, the standard
dynamic, and a dynamic one-equation model, are applied. The influence of finer grid,
Heat and Power Engineering, shorter time.step, and larger computational spanwise dimension is investigated..Some
Lund Institute of Technology, Box 118, global quantities, such as the Strouhal number and the mean and rms values of lift and
SE-221 00 Lund, Sweden drag, are computed. A scheme for correcting the global results for blockage effects is
presented. By comparison with experiments, the results produced by the dynamic one-
equation one give better agreement with experiments than the other two subgrid models.
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1 Introduction U... An incompressible flow with constant fluid properties is as-
sumed. The Reynolds number is defined as=Red/v. All geo-

The flow around bluff bodies, such as cylinders and prisms, - - . . .
of relevance to technical problems associated with energy conv%(?mcal lengths are scaled with Scaling withd also applies for

sion and structural design and arises in many industrial applic e Strouhal number, Stfsd/U.., wherefs s the shedding fre-

tions and environmental situations. In recent years, researchet eegr?)f[ggrua;)l:ofecirgﬁz. g‘vvtgrgﬂ;ﬁencggﬂhégetﬁlgrggﬁé %'fg?;;geeb;:

attention has turned to the use of large eddy simulati&s) for . "
. poed _ the confined flow(blockage parametef=1/H). Velocities are
studying turbulent flow around bluff bodi¢&—4]. A LES work al)s_o scaled withJ,, , and physical times withl/U., .

shop was held in June 1995 in Germany, and the resuits are pu Six simulations were performed with different subgrid-scale

lished in Rodi et al[4]. One of the selected test cases at thi . ! - A
workshop is the flow around a square cylinder at zero inciden§1e°dels' the Smagorinsky model¢=0.1), the standard dynamic

. . : . ~~ Mmodel, and a new dynamic one-equation model. The influence of
(one side face facing the oncoming flpfor which LDV mea finer spatial and temporal resolutions, and the size of the spanwise
z;;eemLeEnésza;te t%eepg;%%]hgleR?nglocw vagrskgﬁgzliiregiraescttzségnension on the results for the dynamic one-equation subgrid
Large Eddy Simulation in March 1994. Seven groups took part ?nrgler?v?g:g ivr;'e.lfgb‘r’lfi investigated. Details on these simulations
the LES2 exercise, and the results of this exercise are reported%)&r? incompressible fiﬁite volume code. based on a fractional
Voke [6]. The reason for this focus on LES for the study of flow p '

around bluff bodies has to do with poor results when using stat%t-ep technique and emplc_)yl_ng a UOT‘St*?‘ggered grid arrangement,
as used. The scheme is implicit in time, and a second-order

. ; . W
tical turbulence models. Most probably this has to do with comx . - :
plicating factors such as a strongly retarded stagnation flow, mn%rank—Nlcolson scheme was used. All terms were discretized us-

sive flow separation, streamline curvature, transition from lamin 19 the secgnd-ordgr central .dlfferencmg. scheme, [Sgefor .
. . - reater detail. The time-marching calculations were started with
to turbulent flow, recirculation, vortex shedding, and perhaps m%‘te fluid at rest, and a constant time stepwas used. The grid
important, the existence of inherent three-dimensional flow stru ’ :
tures[7,8]. The presence of sharp corners may also be a comp§
cating factor in flow simulations, especially at high Reynold
numbers. f
The main objective of the present study was the examination éﬁ’
different subgrid scaldSGS models of LES of flow around a
square cylinder at Re2.2x 10*. Another objective was to make a
critical evaluation of this selected flow case, in particular on t
effects of solid blockagéwall confinement

istribution was uniform with a constant cell si2g, outside a
Egion from the body, which extended two units upstream, down-
gtream, and sideway@n the x andy directiong. The distance

m the cylinder surface to the nearest grid point defifieBor
calculations in this study$~0.008. The hyperbolic tangent
function was used for stretching the cell sizes between these limits
dandA,). A uniform grid with a distance ofA, between nodes

as used in the spanwise directién direction, with spanwise

2 Configuration and Numerical Details

The flow is described in a Cartesian coordinate systeyp) in
which thex axis is aligned with the inlet flow direction, ttmeaxis
is parallel with the cylinder axis, and tlyeaxis is perpendicular to
bothx andz, as shown in Fig. 1. A fixed two-dimensional squar o x| la
cylinder with a sided is exposed to a constant free stream velocit
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