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DNS of Transition in the Plane Poiseuille Flow with a Suction/Blowing
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Laminar-turbulent transitions induced by various stationary suction/blowings on the wall of
the plane Poiseuille flow are directly simulated on a parallel computer. A suction/blowing simulates a
sort of wall surface roughness and excites a disturbance wave with the same wave number in the flow.
When the suction/blowing excites directly a TS wave, the transition is triggered by the amplified TS
wave. On the other hand, when the wave number of the suction/blowing differs to the TS wave
component, the transition is triggered by transient growth of streamwise vortices excited by the

suction/blowing.

oooooo
doooooooboooboobooobboooooon
000000000000000000000000% %0
godoobbouoouobuooobboouboouooobo
Tollmien-Schlichting 0 0000000000 O00OOOO
goododooooooooboooboooboobooooooo
0005772 0000000 0000000000000
goodooooooopogo1so00ocoooooopon
00000000 0000000 0000ooooonog
gooooo
dodddooobobobooooooooooooooooo
goodoobooboobobooobooooooonoaoa
Otransient growthO O O 000000000 0OOCOOOO
000000000 000000o00o0oooooon
do0dobooboooobooooooboooboooooo
0000000000 Lunbladh et al”™0 Reddy et al®®0
0000& ooo0000000000000000000
goododdodoooooooooobooooooooaa
gdoooobOoOoboooo17O000b0O0O0O0DOoOooO
goooooooobobobobobooboooooooooad
0o0do0booooooooooooobooooooooo
gooddooooooooooo

oooooooon
000000 X(x, y, 2)0 Fig. 10000000000

00 x00000000z000OOOODO yOoOooooo
0o, xelo,2,]oyelo, L, |oze[-L./2,1./2]0000
O00000UuE=1-A000u(x,f)00000ougn
00000000000000000 OO0
a—u=—Ua—u—wa—U—a)><u—VP+lV2u (1)
ot ot dz R
0000000000 @=VXuo R=U(0)L,/2vO
0oooooooo
V-u=0 (2)
OD0uwoo0o0O0xO yooOo

Uw@)

|\

X

-1
777

Fig.1 Coordinate system of the Plane Poiseuille flow
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Fig. 2 A schematic view of separation bubbles induced by
a suction/blowing
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Fig. 3 Time evolution of dominant Fourier modes during
the transition excited by a suction/blowing with a
wave number component (4,2)
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Fig. 4 Time evolution of dominant Fourier modes during
the transition excited by a suction/blowing with a
wave number equal to a TS wave component, (1,0)
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Fig. 5 Time evolution of dominant Fourier modes during
the transition excited by a suction/blowing with two
wave number components (4,2) and (-4,2).

=50

g,
558 10.3'0

Fig. 6 A perspective view of the energy levels of various
modes obtained at £ =50 in Fig. 5.
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