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minimal flow
Jiménez & Moin (1991) 2000 (300) (100)
3000 (250) (110)
- 5000 (400) (80)
Jiménez & Pinelli (1999) 4500 201 360 105
9000 428 448 128
18000 633 397 113
Itano & Toh (2001) 3000 130 420 170

researches on large scale motions

Moser, Kim & Mansour (1999) 180 2270 756
395 2560 1250
. 590 3720 1840

Alamo & Jiménez (2001) 185 6974 2320
550 13800 6910
Tsubokura & Tamura (2002) 590 14800 7410

1180 29700 8340

present work

3000 137 259 518
9000 349 384 833
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FIGURE 1. Instantaneous averaged wall-shear history of the present channels. (a) Re = 9000
and {b) Re = 3000. Initial transients have been discarded.
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FIGURE 2. Mean streamwise velocity of the present cha.nnels normalized by U(y = 0). Dahsed
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FIGURE 3. Diagnostic quantities for a log law (7,lower solid curves) and a power law (G,
upper dashed curves). Here v = y*dU*/dy* is constant with value 1/x in a log law and
B = (y*/U+)dU* /dy* is constant with value n in a power law, where n is the exponent in
the relation U+ o (y*)"
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FIGURE 4. Mean streamwise velocity of the present channels in wall unit. Dahsed lines are
Ut =25logyt +5and Ut = y*.
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FIGURE 5. Turbulent intensity profiles. Thick curves correspond to streamwise (solid),
. wall-normal (dashed), and spanwise (dotted) velocity profiles of Re = 9000. Thin curves corre-
spond to those of Re = 3000.
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FIGURE 6. Premultiplied power spectrum, k,E(k,), as a function of A}. (a) and (b), E,,; (c)
and (d), Ew; (e) and (f), Eyw. (8),(c) and (e), for Re = 9000; (b),(d) and (f), for Re = 3000.
In both cases, increasing y* corresponds to a rightward shift of the short-wavelength end of the
spectrum. All the spectra are normalized to unit area, to emphasize their frequency content.
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FIGURE 7. The time development of the spanwise location of low-speed regions, which are
identified as points satisfying u?P /8z = 0, 8?u?P /822 > 0 and u?P < U at y+ = 5 in the lower
half domain (—h < y < 0) in the channel Re = 9000.
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FIGURE 8. Same as in the above figure, but at y+ = 200.
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FIGURE 9. Schematic view of a snapshot in our channel in a 2-y cross-section, where three
elementary processes of the co-supporting cycle are described. Thin solid curves indicate contours
of 42D in the outer region, each bulge of which corresponds to the low-speed region of a large-scale
structure. The circulation of a large-scale structure is represented by thick dashed curve. Shaded
regions near the walls denote wall streaks.
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