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Controlling boundary layer transition to turbulence with
flexible wall panels

Turbulent flows are associated with large drag. Here we study via direct numerical simulation
(DNS) how suitably designed compliant wall panels, interacting with the flow, may suppress the
breakdown of wavepacket disturbances into turbulence. The transition distance from disturbance
initiation to the formation of the turbulence spot is increased by ~ 50% when a single panel is
used. The transition distance could be further increased when a series of panels is used.
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Figure 1: Schematics plan of computational domain.

Figure 2: Contours of u-velocity over arigid wall (no panel), showing breakdown into turbulence.

Turbulent spot

L
0

g

T=260
min=-0.0066, max=0.0056

L L , ), )
050100 1150 200 1250 1300
X

T=2046
min=-0.0051, max=0.0047

T=2788
min=-0.0073, max=0.0063

I L A L | L Ve, | y
I R R w0 e e 1700 fre) w0

T=3534
min=-0.0225, max=0.0112

. . , , \ L s
750 180 180 1900 1950 2000 200 1
x

T=4278
min=-0.1843, max=0.6688

o 1;mxz.,‘x. 5 Fior S
T=4464
min=-0.2332, max=0.8523

Figure 3: Contours of u-velocity over wall with panel 1. Turbulent spot forms further downstream due to slower disturbance

growth.
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Figure 5: disturbance spectra at
X=1380, (a) rigid wall (b) wall with

one flexible panel.
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Figure 4: Contours of u-veloc\ity for wall with

Figure 6. Vortical
structures of a turbulent
spot.
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2 panels. No turbulent spot forms
within the computational domain.
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