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Coherent Structure of a d-Type Rough Wall Boundary Layer

by Means of the Four-quadrant Analysis
(Low Reynolds Number Effect)

Shinsuke MOCHIZUKI and Hideo OSAKA

Abstract
In order to investigate the low Reynolds number effect on the turbulent structure of a d-type rough wall

boundary layer, fractional contribution of the stress generating motions to the Reynolds shear stress was

qualitatively examined with the four-quadrant analysis. The second and forth quadrant events (ejections

and sweeps) play major role in fractional contribution and also in intermittency through the layer. In the

low Reynolds number flow fields, the second quadrant has dominant contribution to the Reynolds shear

stress, while the contribution from the other three quadrants are reduced. Comparison of the ratio of

fractional contribution from the second quadrant to that of the fourth quadrant among three types of

surface, d-type rough, k-type rough and smooth, a certain difference of the near-wall turbnlent structure

is found. It is expected that the difference can be explained with the dominant vortical structures. The

violent ejections in the outer layer was investigated in detail. The mean frequency and conditional

velocity patterns show that the violent ejections is associated with the large-scale spanwise vortical

structure in the outerlayer and also the near-wall bursting phenomenon.
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Fig.1 Fractional contribution to the Reynolds
shear stress. (Rs="5000)
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Fig. 2 Fractional contribution to the Reynolds
shear stress. (Ry=800)

FOEMBEARPEREBIC N OREICBEWTLINE
Hedblbriflan s,

Fig. 3 RUIZ £ N Z N Ry =5000 K% 1¥800i 1} 2 &
RROMRRE FEHNESORE) D% % RT.
Ry=500012 51T 245R 2242 L, BHDLWEIB T2
RBRF A FROMRIFEPKEL, FErAbES
EEREMD 6B E DD, ARBIZBEWT2HBR4
RIBOBRBEIZIZZH LD, ABICBWTIZ4R
ROBRBEYEBL T2, —F, 1RBRU3IHK
FROBIRIFEEISY/6<0.8DBHDIEVFIHT 2 BB K
VA RBD2/3BENMEE > T3 L4 /X
BORs=B00DFER* & 5 L, Re=5000/053 15 & [AlAEIZ
RANT2RB/EV 4 RIBOBREESBERTHS, L
L% 6, ReBUEAICE L7 2 REBORIRAE LKL
BIZEALY L b oD, 4 RBOBERREIINE T
MLTwE, CH4HM (24 -7 BF) OBIITH

0~5 T T T T T T T T T T T
04 <o —
- o o -
o.a@ g8 A A
- A
2?\ I o E J
0.2 % a —
00
- B 8 D e
0.1 o i=1 =} i=3 _
i=2 i=4 [Re=5000 (H=0) |
0 ! | 1 | 1 | 1 | 1 [ 1
0.0 0.2 04 0.6 0.8 1.0 1.2
y/ 6
Fig. 3 Intermittency of the four quadrant events.
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Fig. 4 Intermittency of the four quadrant events.
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Fig.5 Mean frequency of the four quadrant events.
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Fig.6 Mean frequency of the four quadrant events.
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Fig. 7 Ratio of the fractional contribution of the
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Fig. 8 Ratio of the fractional contribution of the
violent ejections to that of the violent
sweeps. (H=4)
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Fig.14 Conditional averaged signals of the violent ejections as a function of transverse location. (R¢=2800)
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Fig.15 Conditional averaged signals of the violent ejections as a function of spanwise location. (Ry=12800)
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