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Abstract

In this study, the effects of freestream turbulence intensity on laminar-turbulent transition of
separated shear layers in the wake of a circular cylinder are investigated using an immersed boundary
method and LES. It is shown that the present numerical results without freestream turbulence for
Re=3,900 based on bulk mean velocity and the cylinder diameter are in good agreement with other
authors' experimental observations and numerical results, verifying our numerical methodology. Then a
‘prescribed power spectrum’ method is imposed to generate isotropic turbulence at the inlet of the
computational domain at each time step. The principal effects of freestream turbulence intensity on
flow statistics are investigated for Re=3,900. Statistical study reveals that the Reynolds stresses in the
near-wake region gradually increase, and transition occurs further upstream, as the turbulence intensity
increases. On the other hand, the bubble size behind the cylinder decreases as the turbulence intensity
increases, which indicates that the freestream turbulence helps mean velocity be quickly recovered.
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(b) Streamlines
Fig. 2 Averaged velocity field
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Fig. 3 Averaged streamwise velocity along the
centerline

. o] AFe AV FHAA MBS YYo=
Acd G99 dFo FHFch dAAez o
2 AFEs 2 gX&tn Yok B3 9 H2
grol pIv 2398 o ZFz: LEs 24Vng
o 2 olfr Table 10 AAR 2tzte) BB
9] Zpolol 7]t

Fig. 5@a), (b), ()€ x=1.54 AFANA F%del
dal 53 B Be FHEPFY dolu=
S W), FALFY dolEz SE( YY),
Holsz AR «v)e 47 nodZo gA
@ Z9Ugol ohd AL WEY JF7 F8
A 2L dusAw de d9dsht LES
A7e gad oz 2 g3t gl

[y



L3¥dd 4ddoE Ave

(b) Vertical velocity

Fig. 4 Averaged velocity profiles in the near wake
region, x=1.54
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(c) Reynolds shear stress

Fig. 5 Reynolds stress profiles in the near wake

region, x=1.54
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Fig. 6 Turbulence intensity along upstream
centerline of the cylinder
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Fig. 9 Contours for streamwise Reynolds normal

stress (7' %); increment 0.015. The
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Fig. 10 Streamwise Reynolds normal stress ( 2’ %)
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