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Y ELOEEEITIREZRD D Z LTI L. Z OO RS S E S, LT
TRV OB K OS5 1) 2 48) S 7= ) RO E L [RIFREE O S 28 b, KL A/
v Z¥dE (Re=1400-2500) TOELIE RN OMEE 2 EMEMIC S, ERNICHHBITE TV
L2 ERbooTs. EBIT, A7 MRS 5 IERIEE B ETRBOMIT LT 72, 15
X7 MBI E KL ERERD 8 2D EF T 5 /4 — 2 2 b OEFHEITR LY, ¥
7 NETE DT AT MEEELSERB OB LTz, LA 2V RED 1200 OBEITIE, 8O
OifaEHT HEFHEITIL, 2.4 LV/NRSWT AT ML TORGHETDHZERHLNE
pole, TAXRT MW KREL 8D b, EFETRICE O DEE XA SRz RE T
DT LB LT, E, mbA A REE (Re=3500, 5480) TIES A 7 MELR O EHEL
Y 2 b—a UEATY, S ki & BB R S D & 2 TR C O KRG BR
Wiz, JVFVaRlRT XY VEBATHIEICEVEEL, KIMExRAF—NVERTDHK
FAEAE BRI S ) RN & BT D Z L A BT LTz,
WFZERE I DOBEZE (3530) : In this study, numerical computation of nonlinear traveling-wave
solutions has been performed using a Newton method in a square duct. We have succeeded
in obtaining the steady traveling-wave solution exhibiting an eight-vortex pattern similar
to the turbulence-driven mean secondary flow. The streamwise-averaged velocity field of
this traveling wave has a comparable intensity of the time- and streamwise-averaged
turbulent velocity field, and in low-Reynolds-number range, Re=1400-2500, the traveling
wave reproduces not only qualitative but also quantitative properties of turbulence-driven
mean secondary flow. We have also worked on numerical computation of
nonlinear-traveling waves in a rectangular duct. The eight-vortex traveling wave found in
a square duct has been tracked with changing an aspect ratio of a duct cross-section. It has
been found that at Re=1200, the eight-vortex traveling wave exists only for the aspect ratio
smaller than 2.4. It has also been observed that when the aspect ratio is increased from
unity, vertical structures in the traveling wave are localized around the bisector of the duct
wall of wider span. Direct numerical simulations of turbulent square-duct flow have been
performed at higher Reynolds numbers, Re=3500, 5480, to identify large-scale streamwise
rolls by using the Clebsch potential for cross-stream turbulence motion. It has been
suggested that the large-scale rolls of a variety of cross-stream length scales play a
significant role in the generation of the mean secondary flow in high-Reynolds-number
turbulence.
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