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Abstract: Direct numerical simulations were carried out for turbulent channel flows with Re, = 180, 395 and 590 to
investigate the turbulent flow structure related to the Reynolds shear stress. By examining the probability density
function, the second quadrant (Q2) events with the largest contribution to the mean Reynolds shear stress were
identified. The change in the inclination angle of Q2 events varies with wall units in y* < 50 and with the channel half
height in y/h > 0.5. Conditionally averaged flow fields for the Q2 event show that the flow structures associated with
Reynolds shear stress are a quasi-streamwise vortex in the buffer layer and a hairpin-shaped vortex in the outer layer.
Three-dimensional visualization of the distribution of high Reynolds shear stress reveals that the organization of hairpin
vortices in the outer layer having a size of 1.5~3 h is associated with large-scale motions with high Reynolds shear
stress in the outer layer.
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Fig. 1 Profiles of (a) mean velocity, (b) turbulent intensities and (c) mean shear stresses at Re,= 590
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Fig. 2 Contours of probability weighted Reynolds shear stress (Re, = 590). Contour levels are from -0.03 to 0.1
with increments of 0.01. Negative contour are dashed and zero contours are not drawn
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15 Chebyshev coefficients

P )11 EARC R == e i ) B R T - L = =X Y o)
ARk p 2= FArdst Hdv dols2 G Re, =
uh/vie AeEW Ve T JAAAST
A A A AR B

A A 1 ¥H<?1 Crank-Nicolson 7]H< A}
U x| 85 Adams-Bashforth WS
WA 2 (semi-implicit)  71HS H-&3t)

== [e) o
ozt F #¥9F

bl
Fig. 1o Yepbdth. Ho 2 WF =] =27}
71E0 B3 AR wig & AdAFS AT
T e o]ZRE I DNS ZAe] vt
AEEE sl
3. 20 & E9

31 HBYEES

HRRERlA v BirdHoR W
G2 AEEe] oz Aw gHel mA:
g stelsh] sl ofelst wol Aelw:
L N

Prob(usu<u+du and v<v<v+dv) = flu,v) dudv 4)

—uv = J.J. —uv [ (u,v)dudy (5)

Fig. 2 & 9 2olA A&ZAA —wv fluy)e o el
AN JEd Aow o wASEFAETS =
2 M5l oMlEEC i dHele=
AegH] sl AnE PHor nelFu.

3 oolA 7 AbRuel djuhet
gol&E= 7]

shels] 48 o
K

ﬁd
)
L
i
)
>
>,
S
5e)
__cé
1%
)
[t
™)
o,
S
=1

=)
il

"
i

]
analysis)S

jQ —uv f(u,v)dudv

—uv

Q,' = (i:1527354)

(6)

A7IM = HERA ZFRAIRE Re, =180 9
EE Kim Ve Azfe} A gt Q2,
Q4 7F Q1, Q3 o H& & @S 7AW, ofF
Wk HEel =0 < 15) Q4 7F Q2 Hup =
1 oojele] giiite] godoME Q2 9 797 H
Ak ¥ ZAA Q4 = QSV FHedlA]
Aets 29 2A, Q2 & olAM EAH o
St ® 2 AFARE M2 g
tske] Q2 $F Q4 7F Ao FLT
719E e HAATE y o~ 15 B2 OYA
HoFEoh(Fig. 3(a). °l& & ATl FAb
fredel talA QSv o T4l A7 ¥ d9=
Aol T3 AP Aol glow, ¥Wo o}
W7k FEAA #olsx HugHe] wAS
Qsv ¢} o]
W o RH ] AgE AME
kst & A -9-(Fig. 3(b)), y/h

A
=

A

golz=

ot

o
(o o

e



GH A HE W] Pelisz An Y

-400

833

M
ke

(d) y/h=0.7

Fig. 5 Vortical structures of the linearly estimated flow field for the Q, event vector at different y locations. The
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