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Transition of Turbulent Boundary Layer with a Step Change from Smooth to Rough
Surface
Jae Hwa Lee

Abstract. Direct numerical simulation (DNS) dataset of a turbulent boundary layer (TBL) with a step change from smooth
to rough surface is analyzed to examine spatially developing flow characteristics. The roughness elements are periodically
arranged two-dimensional (2-D) spanwise rods with a streamwise pitch of A =8k (=126,), and the roughness height is k
=156, where 6, is the inlet momentum thickness. The step change is introduced 806,, downstream from the inlet. For
the first time, full images from the DNS data with the step change from the smooth to rough walls is present to get some
idea of the geometry of turbulent coherent structures over rough wall, especially focusing on their existence and partial
dynamics over the rough wall. The results show predominance of hairpin vortices over the rough wall and their spanwise

scale growth mechanism by merging.

Key Words: Direct Numerical Simulation (%73d<=*]%A}, Turbulent Boundary Layer (W4F7471%),
Surface Roughness (F®%%), Turbulent Coherent Structures (J-F-5-37%)
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Fig. 1 Schematic of rod roughness.
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Fig. 2 u/U.inf (a) Streamwise velocity fluctuations, u/U. ==0.15.
(b) swirling strength, A6,/ U.. =0.03 coloured by the streamwise velocity fluctuations —0.05 <u/U.. < 0.05.
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Fig. 3
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Initial region
(300<Re <390)
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Enlarged-view for isosurface of the swirling
strength with magnitude of A;6;,/U. =0.03.
The contour is coloured by the local streamwise
velocity fluctuations. The Reynolds number is
varying in the range of 300< Res <390. The
axis in all directions are normalized by the outer
length scale & estimated at the intermediate
Reynolds number.
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(a}

Transient region

(680<Re <838) g
2

(b}

Mew equilibrium region
(1137<Re,<1311) |

Fig. 4 As the same in Fig. 3, but (a) 680< Res <838
and (b) 1137< Rey <1311.
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Fig. 5 Time-evolution of the instantaneous flow fields. High- and low-momentum regions with u/U. =20.15 are
shown in the left column, and corresponding swirling strength with A;R/U. =0.03 are drawn in the right
column. In (a), two streamwise-elongated low-momentum regions are depicted by white solid lines. The dashed
line is added to show the spanwise merging process of the structures, and the resulting structure is shown in
(e). (@) tU./6,,=0, (b) tU../6,,=60, (c) tU /8, =120, (d) tU. /6, =180 and (e) tU.. /8, = 240.
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