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Streamwise Vortical Structure associated with the Bursting Phenomenon
in a d-Type Rough Wall Boundary Layer

(Conditional averaged velocity signals and velocity vector plots)
Shinsuke MOCHIZUKI and Hideo OSAKA

Abstract
Three-dimensional spatial structure associated with the bursting phenomenon in a d-type rough wall
turbulent boundary layer was investigated with the VITA tecnique. The conditional averaged signals of
the three velocity components and the Reynolds shear stress were obtained at 28 locations in the cross
stream section. These time dependent data were used to draw velocity vector plots in physical coordinate
of x-y and x-z planes. The ejection process is associated with a pair of stremwise vortical motion which
spanwise scale is about 50 viscous wall units. The Reynolds shear stress is mainly produced at the

symmetrical plane of the vortical motion, z*= 0 . While the sweep process is associated with large-scale

vortical structure which is characterized by intense spanwise component.
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Fig. 1 Coordinate system and the measurement
locations in the conditional sampling
analysis.

(A fill dot denotes a detection point.)
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Fig. 2 Conditional averaged signals as a function of z* at yr=17.
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Fig. 3 Conditional averaged signals as a function of z* at y*=236.

y =62 J— u'J —_— vv ] — '<m2@m z'
rms rms Yrms Yrems Y rms
—, = 150
e — — 125
. S S . 100
i — T it ~ir 75
. over e 50
e T —— 30
- 2\, = VAN
L i I 1 Il 2 L L Il U L 1 1 L 1 L J — L L i L s L L I}
-40 -20 0 20 40 -40 -20 0 20 40 -40 -20 J 20 40
t{ms) t(ms) t(ms)

Fig. 4 Conditional averaged signals as a function of z* at y*=62.
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Conditional averaged signals as a function of z* at y*=97.
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Fig. 6 Velocity vector plots in x~-y plane.

(Velocity vectors are observed in a reference coordinate moving with 0.8U,.)
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Fig. 7 Velocity vector plots in x-z plane.

(Velocity vectors observed in a referece coordinate moving with 0.8U,.)

(2) Y x7 3 VBRIIED A0y S uFED 7z,

HEIRE S & SR ICBE§ 5 2 X AR L7, E o8 —

ZPRAEHI VA SN ZINERDEF LAY L, = X ®

DHEMFEDKFRH (27 =01) 12BLWTHLTn 5, 1) R - KB RS TAIe i, 39-2, (1989),

(3} 2A =7 @RUTED HEH 100w .~ u FelE o KBk
mlHﬁL)’mJi'&é c‘:?ﬁ?‘/]\ h_f if:z%——‘?“
WFE T s 2o H DR RO % A BLEE S hL

Lo &7:08, KN-Q7, Bk, 52-481,

2) KB 2%, Beis, 53-485, B(1987),

3(1986), 3244,
21,

3) Offen,G.R. and Kline, S.J., J.Fluid Mech., 70(1975),

209.

TR 15

TR



5)
6)

7)

8)
9)
10)
11)
12)
13)

14)
15)
16)
17)

(8) ¥ A &

Praturi,A.K.
89(1978), 251.
Kim,J., Phys Fluids, 28(1985), 52.
Bakewell H.P.
10(1967), 1880.
Blackwelder,R.F. and Eckelmann,H., J.FluidMech.,
94(1979), 577.

Gupta,A K. ftu 2 %, J.Fluid Mech,, 50(1971), 493.
Moin,P. and Kim,J., ] Fluid Mech., 155(1985), 441.
=% - Hefy, HEER, 51-469, B(1985), 2846.
Lyons,S.L., ftu 2 #, AIChE ], 35-12(1989), 1962.
A - fth 2 %, KEER, 51-467, B(1985), 2272,
Coles,D.E., Lehigh Workshop on Coherent Structure
in Turbulent Boundary Layer, (1978), 462.
Grass.A.J., J.Fluid Mech., 50(1971), 223.
Raupach.M.R., ].Fluid Mech., 108(1981), 363.
Sabot,]., fit 2 %, Phys.Fluids, 20-10(1977), s150.
Bandyopadhyay,P.R. and Watson,R.D., Phys Fluids,

and Brodkey,R.S., J.Fluid Mech,

and Lumley,J.L., Phys Fluids,

Vol.41 No.1 (1990)

-k R

18)

19)

20)

21)
22)
23)
24)
25)

26)
27)
28)

e

O

31-7(1988), 1877.
KAt 3 4, WKL EREE SO, 33-1, (1982),
9. 7203, KHi-1b 2 &, H¥3R, 50-458, B(1984), 2299,
Ligrani,P.M. and Bradshaw,P., Exp.Fluids, 5(1987),
407.
Blackwelder,R.F. and Kaplan,R.E., J. Fluid Mech,,
76-1(1976), 89.
KB - 2 %, M, 52-481, B(1986), 3224,
A, Zehth, 1(1982), 29.
Cantwell,B.J., Ann. Rev. Fluid Mech., 13(1981), 457.
Kim,H.T., fis 2 %, J.Fluid Mech., 50-1(1971), 133.
Lighthill,M.]., Laminer Boundary Layer, (ed. Rosen-
head), Oxford,(1963).
Choi K.-S., ].Fluid Mech., 208(1989), 417.
S - b 2 %, KGR, 50-458, B(1984), 2571.
Kovasznay,L.S.G., fu 2 %, J.Fluid Mech., 41(1970),
283.

CR%X2 %4 H 2 A2



