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Direct Numerical Simulation on the Influence of Adjacent
Cylinder/Ramp and Spanwise Spacing on the
Transition of Flat Plate Flow

LING Weihao, WANG Zhiheng, HUANG Wenlin, SUN Zhongguo, XI Guang
(School of Energy and Power Engineering, Xi’an Jiaotong University, Xi’an 710049, China)

Abstract: In order to address the issue of unclarified effect of adjacent roughness elements on
plate transition, direct numerical simulation was employed to investigate the transition induced by
the spanwise arrangement of adjacent roughness elements, comprising cylinders and ramps.
These roughness elements were resolved utilizing the embedded boundary method, with spanwise
intervals set at 2. 5h and 5h, respectively, where & denotes the height of the roughness elements.
The study elucidated the effects of transient and time-averaged flow characteristics. coherent
structures, and characteristic modes. Findings indicated that ramps with significant disturbances
predominantly influenced the breakdown of hairpin vortices, the onset of transition, and the
energy transferred from time-averaged flow to the fluctuating flow. With the ramp neglected, a
decrease in spanwise spacing effectively promoted transition. The interplay between roughness

elements of varying shapes could generate a more potent nonlinear coherent structure than that
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observed among elements of uniform shape. The intense disturbance caused by the ramp
predominantly contributed to the wall-normal and spanwise fluctuating waves of the coherent
structure, rather than to the streamwise fluctuating waves. The interaction between adjacent
roughness elements of diverse shapes, facilitated by an optimal reduction in spanwise spacing,
promoted the evolution of the nonlinear structure at the central position. This structure could be
approximated by several linear modes across the full frequency spectrum. When the spanwise
spacing was well-chosen, roughness elements with different shapes might induce low-frequency
resonance of nonlinear structures in a region near the downstream, substantially enhancing their
evolutionary dynamics.

Keywords: direct numerical simulation; linear mode; coherent structure; roughness elements
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Fig. 1 Plate model featuring spanwise-aligned roughness

elements

A B TR A J ] A SR AR TR < AR BRI 43
FIFR S FRLRE 7o A S RS T, FLYE S E p Y908 1,0
B T v B R RS TO A B AL i A R R ) — 2 R R
TR AL B S« = 0 X 5% IF 56 F ' ) e X AR,
I 5 HLRE T 09 & 0] A AR 53 531 R 21 e o P HLBS O
¥ B B AE AR FhOR IR S8 A A R R OR RS
JC IR AR R 1) (R BE, SCH i TR T 6 AP T, o
L 1R, THA PRI BERIR TR 78 T 1 LS ST
Jo RS T8 AR L 807 26 1 T R 1) ] B, 7 o 4K
FHRLAEE T K E L Re = hU.. /v = 1000,v i
Wiz ZhF

A1 RE) T OUGG A T 0 A3
Table 1 Parameters of roughness elements under different

cases
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Fig. 2 Three-dimensional transient vortex configuration
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Fig. 3 Distribution of the streamwise friction coefficient

along the streamwise direction
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Fig. 4 Contour of secondary-flow signed swirl strength
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equation on the cross section of y=0. 86
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Fig. 7 Distribution of the wall-normal height at which the maximum power spectrum of the streamwise fluctuating velocity occurs
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Fig. 9 DMD modal amplitude and growth rate at the y=0. 86 cross-section are presented in terms of frequency distribution
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Fig. 10 Isosurface of the fluctuation intensity for the real part of the Fourier series coefficients is depicted at the

y=0. 86 cross-section for each case
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