469

B MR O KHAEELTAEE & s R
R e OBEEIITDWLT

SAER - TR OE - LBS&E - BEERE - AR

ON THE RELATION BETWEEN LARGE SCALE STRUCTURE
OF TURBULENCE AND LOCAL FLOW AROUND OBSTACLES
IN OPEN CHANNEL FLOW
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Synopsis

The stability and the transversal scale of secondary flows in an uniform open channel flow
are examined by using the flow-visualizing techniques. Important results are obtained that the
larger friction velocity brings stabler secondary flows.

The local flow just upstream side of a broad crested weir is also examined with the intention
of clarifying the three-dimensional characteristics of it. It is shown that the local flow is charac-
telized by U-shaped vortices which are arranged in a transversal direction. The scale, position,
strength and fluctuation of the U-shaped vortices are measured experimentally and the results
are examined to conclude that they have a close relation with those of the secondary flows in an
approaching flow.

Experimental study is also made on the local scour just upstream side of an broad crested
weir. The results show that the scale of the scour hole is wavy in a transversal direction due to
the effect of secondary flows.
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Table 1 Hydraulic conditions for the experiment on the Jarge scale structure of turbulence
in an uniform open-channel flow.

Case (1 /Sec) [ (({:1) (cml{s”t':c) Re (cxg:cc) R (cdr;) L:E ytﬁaed
C-1 1.55 4.06 | 9.54 3050 0.74 237 smooth N
2 1.55 4.06 9.54 3050 0.74 237 smooth A
3 1.55 4.06 9.54 3050 0.74 237 smooth B
4 2.55 6.62 ! 9.67 5040 0.93 487 smooth N
5 0.80 3.98 . 4.93 1580 0.61 185 smooth N
6 1.56 4.09 ‘ 9.54 3070 0.79 254 0.3 N
7 1.56 4.09 9.54 3070 0.79 254 0.3 A
8 1.56 4.09 9.54 3070 0.79 254 0.3 B
9 1.56 4.12 9.49 3080 0.88 285 0.6 N
10 1.56 4.08 9.56 3070 0.88 283 0.6 A
11 1.56 4.10 9.51 3070 0.88 284 0.6 B
12 4.05 5.05 20.05 10125 1.33 672 smooth N
13 4.05 5.30 19.10 10125 1.85 981 0.6 N
Q=Discharge Uy =Friction Velocity Type N : No longitudinal
H=Depth Ry =Friction Reynolds Number noughness elements
U,,=Mean Velocity dy=Grain Size Type A, B: As shown in
R,=Reynolds Number Fig. 1
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Fig. 7 Distribution of occurring frequency of low-speed bands.
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Photo. 2 Structure of the flow around the up-
stream side of an abrupt step-up.

Table 2 Hydraulic conditions for the experiment on the U-shaped vortex just upstream side
of an abrupt step-up.

Case U R, '« Ry Z
(1/sec) (cm) {cm/sec) (emfsec) {cm)
A-1 0.79 4.01 493 1510 0.60 183 2
2 0.80 3.98 5.03 158¢ 0.61 185 1
8 0.78 4.00 4.89 1540 0.62 195 0.5
4 1.12 6.90 4.06 2110 0.69 360 5
5 1.13 6.89 4.10 1990 0.79 383 4
6 1.13 6.84 4.13 1990 0.79 380 3
7 1.13 6.85 4,12 2000 0.80 389 2
8 1.13 6.82 4.14 2000 0.80 386 1
9 1.14 5.19 5.49 2020 0.69 254 3
10 1.13 5.14 5.50 2000 0.70 255 2
11 1.13 5.14 5.50 2000 Q.71 259 1
12 1.15 5.12 5.61 2040 0.73 265 0.5
13 0.61 4.10 3.71 1180 054 . 171 3
14 0.63 3.91 3.91 1110 0.53 150 3
15 0.63 3.9t 3.91 1110 0.52 149 3
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Fig. 12 Mean scale of U-shaped vortex.
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Table 3 Hydraulic conditions for the experiment on the local scour just uprsteam side of an
abrupt step-up.

Case Q H B m R, EN *
(1/sec) (em) (cm) (cm/sec) (cm) (cm/sec)

A-1 3.80 4.03 40 23.57 9510 0.95 1.81
2 3.80 4.05 ” 23.46 9530 0.97 1.81

3 3.80 4.07 ” 23.34 9550 1.01 1.81

4 3.83 4.05 ” 23.64 9810 1.01 1.81

5 3.86 4.05 ” 23.83 8900 0.97 1.81

6 4.48 5.02 ” 24.10 10500 0.97 2.28

7 4.86 5.01 ” 23.25 10600 0.96 2.28

8 4.87 5.02 ” 24.25 11000 0.99 2.28

9 6.56 6.71 ” 24.41 15100 1.00 2.32
10 6.56 6.73 ” 24.37 15100 0.98 2.32
11 6.56 6.75 ” 24.30 15200 0.98 2.32
B-1 11.90 4.93 100 24.14 10600 1.00 2.20
2 11.90 5.00 ” 23.80 10600 0.98 2.21

3 11.90 5.02 ” 23.71 10600 0.97 2.22

4 6.10 3.82 ” 15.97 5450 1.01 1.93

5 14.50 5.52 ” 26.27 13000 1.01 2.33

6 10.20 4.67 ” 21.84 9110 0.97 2.14

7 22.90 7.74 ” 29.59 20500 0.98 2.75

8 16.90 6.86 ” 24.64 15100 0.97 2.59
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Photo. 3 Local scour around the upstream side
of an abrupt step-up.
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Fig. 23 Time variation of the depth of scour
hole at the upstream side of an abrupt
step-up.

0cm AHEQEHAIC B 2 EREORKMELEMRER LicbOThH D, WM 16ec) 13 Un L2zo IK&D
EREALERENTVB. CED, THAS SHEELRER RSN, OHCRSBCEELET L2
BRI D L5 Thtb 50, EBLOMALEERECIIELTWIENLSTHB. LrL, Bl
s L TR OEROMEREE - TEY, HHETCORBIBEEZ-TNEbDEHRShE. BED
EREEE LS ERICS S, chllBbETETAE{Lib0LTFRING. BUAK Unt/zy

=10° {CBNTE, FHATERLAD 2 B2 HEH
ERTIB,.

i, WEARTER © BIFFE R —v b © (LS
AR BT, KEHE BA3Im & 40cm o 2
BOKBERD, S 2 FEdK lem &L, K
B Q Lk H SRELSETERETIL, UH
LkEgth - kiRt B/H S OBGERTHI. £
DEREM Fig. 25 CREh T3, ZOERS,
B/H 210 X 9/hE 8B E B/H 22 L ETN
X RAEAMBR LN, B/H I0 L ETRIE
B B/H B2ieS LS —ELIE-TH5b.

PlEDBBRIHERD S, [KTRERE ORFHRTL
OB A O, TRIICER L TELE

SCOUR DEPTH zifze

=3
©

Yem H=5cm
-5 Us=24.80cmises
0

Zo=Tom

S,

10° 10° 10
TIME  Untf2e
Fig. 24 Time variation of the depth of scour at
the point y==—>5 cm and the point y=
Ocm.



AK - FR - LF - BEE - 5 BUKBRITN O AR BEFRNDE S SR OBk & OBE~ 487

IRTERHITE O USR5 hd BERBE O X5 ICENE O 10 2 R S dic E L bDEER
5o I, RKEEOTA LB XCEOTHEICE VTR, HiliORFLRILORMAD FTHOBA 723 ik

U-Shaped Vortex

T
> T transported sand
o 40 ! Re =55 x10" - 2.0x10" - :
g « br*_h > Zo = 1em
=) 2,/H=0.13-0.25
£ 30— R e o
« |
3 | |
A i °
W 20 - --% '"5**o—g*g*w e
S o | ° |
y o ° | |
S 10— ~— R - i S
© ) i . -" scour hole’ :
z E \ .
Z X
£ |
0 : Flow
0 10 20 30
ASPECT RATIO B/H
Fig. 25 Transversal mean scale of local scour Fig. 26 Schematic view of the mechanism of
just upstream side ofan abrupt step-up. local scour just upstream side of an ab-
rupt step-up.
or Hx4cm  T=60 min. - normal -
or - controtled (type O) -
Zs
{em)1r|:
oL [] i ) : i
] | W B ]
N or - controlled (type A)-
3_3 ( z
= cm) ;
w L : eact ~
@ - controlled (type B ) -
> or
8 Zs, L
a (em)
2 f f h |
or ~ controlied (type C) -
ZS
(em)1]
o T - I
L { A 1 j
- 20 -10 20

0 10
LATERAL DISTANCE y{cm)

Fig. 27 Depth of local socur in case when the secondary flow is controlled by longitudinal
roughness elements (H=4 cm).



488 SUKBGSWECTAER 225 B-2 (Wi54.4)

Hx5cm T=60min. - normal -

- controlled(type A) -

SCOUR DEPTH Zs ..

0 10
LATERAL DISTANCE y(cm)

Fig. 28 Depth of local scour in case when the secondary flow is controlled by longitudinal
roughness elements (H=>5cm).
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