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Hierarchical Structures on Turbulent Channel Flow
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Direct numerical simulations of turbulent channel flows at Re, = 2320 and 1160 were performed in order to examine
the effect of the large-scale structures to the near-wall turbulence and the fundamental characteristics of the hierarchi-
cal structures. The number of thetotal grid pointsis about 16 billions, and the effective computational speed is about
5.5 TFLOPS by using 2048 CPUs and 4 TB main memory on the Earth Simulator. The visualized flow field and the
turbulent statistics suggest that the large-scale structures affect the near-wall turbulece including the near-wall flow
structures and the low-order flow statistics, indicating that there is anew dynamic mechanism near thewall differently
from that of low-Reynolds number flows. Not only the near-wall streaky structures and vortices (y* ~ 15), but also
the large-scale outer-layer structures (y/d ~ 0.2) actively produce the turbulent kinetic energy more than their own

dissipation. There are hierarchical structures between them, and their sizes change in space-time.
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Fig.1 Mean streamwise velocity profilesat Re, = 2320,
1160, 650 12, and 150 2. Dotted and dashed lines are
ut =yt andut =1/0.4-In(yt) + 5.0.
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Fig. 2 Mean Reynolds shear stress and total shear stress
profilesat Re, = 2320, 1160, 650 12, and 150 12

0000000000000000000000000000
O0000O000Re, =2320000y/6 >050000000
0000000000000000000000000000
0000000000000 0000000000o0oooo
0000000000000 0D0O000O000oooood
ooooooooo

0300000000 ms000000000000000
00000000 0000000000000 (y* ~ 15)
000000000000000000000000 ™ooo
0000000000000 0000000000000000
000000000000 0000000000ooooood
000000000 00000000000000000o0ono
OO0 O0Moriisond ¥ 0000000000000 Re, > 50000
000000000000 yT~1.8xRe200000000
0000000000 4000000005060000000
oooooooo

4, 0OD0OOOOOO
oobooooooooooooooooooOoOoOoObooon
ooooooooooOoooOoDbOoO0oO0OOOO0oDbOOboO0O0ODO0OO
00000040 0000yt~ 11000000000000
Oz—-200000000000000000000W O0DO0OO
OD4(@L000000000000O0O0O0OODOOODOOODO
ooooooooooooooooooooooOoOoOoOoooon
oobobooooboooooooooOooboOooobobooobooboooo

ooooooooo 2005
AMO05-02-003

30 M| AR | ‘_.' T L |
— - Re, =150
2.51|---- Re, =650 7
------- Re, = 1160 1
20r Re, = 2320
[%2]
E 15+
+
S
10F
0.5
00 Ll Lol Lol Lol !
0.1 1 10 100 1000
+
y
Fig. 3 Root-mean-sguare streamwise velocity profiles at
Re., =2320, 1160, 650 12, and 150 12,
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Fig. 4 Plane views of instantaneous near-wall velocity
field at y* =~ 11 for Re, = 2320. Contours of the
streamwise velocity fluctuation, blueto red, % = —1to
o't = 1. (a) Visualization areais the total computational
volume with 43731 and 14577 wall unitsin the z- and z-
directions, respectively; (b) enlarged view of the rectangle
region with green linein (a).
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Fig. 5 Plane views of instantaneous near-wall velocity
field divided by the spanwise wavelength A\ = 150 at
yT ~ 11 for Re, = 2320. (&) AT < 150; (b) AT > 150.
Contours of the streamwise velocity fluctuation, blue to
red, ' = —1tou't = 1.
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Fig. 6 One-dimensional spanwise pre-multiplied power
spectraof uu at y* ~ 15 asafunction of spanwise wave-
length X at Re, = 2320, 1160, 650 @, and 150 12
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Fig. 7 Onedimensiona spanwise pre-multiplied
cospectra of —uw at y™ =~ 15 asafunction of spanwise

wavelength \. at Re, = 2320, 1160, 650 12 and 150
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Fig. 8 Plane views of instantaneous near-wall velocity
field at y* ~ 11 for Re, = 2320. Contours of the
streamwise shear stress, blue to red, dut /9yt = 0.4
to Gu™/0yT = 0.6. Mean streamwise shear stress at
yt = 11isdut /0y ~ 0.5
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Fig. 9 Cross views of instantaneous velocity field at
Re, = 2320. Contours of the streamwise velocity fluctu-
ation, blueto red, v'™ = —1tow'* = 1. (a) Visudiza-
tion areaisthe total computational volume with 4640 and
14577 wall units in the y- and z-directions, respectively;
(b) enlarged view of the rectangle region with black line

in(@).
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Fig. 10 Contours of one-dimensional spanwise pre-
multiplied spectra of (a) uu and (b) —uv a Re, = 2320
as afunction of spanwise wavelength A..
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(b)

Fig. 11 Contours of one-dimensional spanwise pre-
multiplied power spectra of uu as a function of spanwise
wavelength \.. (d) Re, = 2320 and the sampling time
ATT = 70; (b) Re, = 1160 and AT = 70; (c)
Re, = 1160 and AT+ = 14000. Symbols () show
local pesk points.
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Fig. 12 Time trace of one-dimensional spanwise pre-
multiplied power spectra of wu as a function of spanwise
wavelength ), at y/6 = 0.2 for Re, = 1160.
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Fig. 13 Pre-multiplied production term minus disspation
term of turbulent kinetic energy at Re, = 2320, 1160, 650
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