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ADVECTION CHARACTERISTICS OF WATER SURFACE
FLUCTUATIONS IN OPEN-CHANNEL TURBULENT FLOWS

goon
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In this paper, I experimentally examine advection characteristics of water surface fluctuations in
open-channel turbulent flows. Instantaneous velocity vectors and corresponding water surface profiles
are measured by using an image processing technique. At first, the time series of the water-surface
profiles from the measurements precisely indicate that the water-surface fluctuation is propagated with a
constant advection velocity. Then, the spatiotemporal correlation analysis of the water-surface
fluctuations as well as turbulence in the flows discloses that the advection velocity of the water surface
fluctuation is smaller than the mean bulk velocity, while that of the turbulence of the flow is the same as
the corresponding velocity of the mean velocity distribution. Also, it is found that the ratio of the
advection velocity of the water surface fluctuation with the mean bulk velocity becomes smaller as the
Froude number decreases.

Key Words: open-channel flow, water surface fluctuation, advection velocity, turbulence,
spatiotemporal correlation analysis, simultaneous image measurement

ggooon

ooooboboooooboobbboooooobooo
ggoobboboooooobobbboooooboo
ggoobobboooooobobobbooooobooo

gooooobboooooobobobbooooooooo

ggoobobobooooooobobbboooooboo
ggoobobboooooobobobbooooobooo
ggoobboboooooobobbboooooboo
0000o0Oo»000000000@O)0nonnn
goooboboboboooooobobobbooooobooo
ggoobooboooooobobobboooooboo
ggoobobbooooooobobbbooooobooo
goooboboboboooooobobobbooooobooo
ggooboboboooooobobbboooooboo
ggoobobbooooooobobbbooooobooo
ggoobooboooooobobobboooooboo
ggooboboboooooobobbboooooboo
oo
goobobobogooooobbboooooooboo
ggoobobbooooooobobbbooooobooo

0000°M0000000000000000000
gobobbooooobobbboooooooboobog
gooooooobooooooooo,.0oooog
goboobobooooobobobbooooooooboo

gobobbooooobbbbooooobobobobogo

000000000000000000000000
000000000000000*°000000000
OOo»®000000000000000000000
OYAGODOOOOOOOOOOOOO®0000000
0000000 POD(proper orthogonal decomposition)[] [
0000000000000000000000000
0000000000000000000000000
000000%000000000000000000
0000000000000% 0000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000070000
0000000000000000000000000
000000000000 000000000000
000000000000YAGOOOOOOOOOO

goboobboooooobbbbooooooobobooo

- 649 -



0o-1g00o0o

Case|Q (em¥sH (ecmfU (cm/su. (cm/s| 11 | Fr | Re
1 20 | 1021 | 517 [1/65]2.33

2 25 | 793 420 |1/134] 1.60] 2.0
3 |50x10°| 30 | 67.1 351 |1/215] 1.24] %
4 35 | 565 | 301 |1/347] 096| 10"
5 40 | 504 2.75 |1/476 0.81

0000¢: 000K: 00000 U : 00000000 00
00000/: 000000F= U /(gH)?: 000000Re=
UHA:O0000000g: 000000y : 000000

gogooboboboooooobobbboooooboo
gooobobobbooooobobobobbooooobooo
ggooboboooooobobbbooooobon
gooobooooooo

ggboobobobobooooooao

() 0000

000000001md0 B =025m0000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000

gooobbobbooooooboobobbooooooooo

0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
00075m000000000000000000O0O0
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000

000000-1000000000000000
Re=UH/v 020x 10'00000000000Fr =
U/(gH)?0081023300000000000000
00000000000000000RA0000000
00000000?000000000nonooono
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000 (BH>6.0)0

(@ OO0odooooopoooo
0-100b0b0o0ooooobbbooooooobooo
1.020000.07500.150mmO0 000000000000

B AE)—R—F
b5 AN b

—

FILIoAA o L—H—

E—LIFR/IE—

KIFA = —T L
O0-1 00000000000

0000000000000000000000000
0000000000000000000000000
0000000000000000PIVOOOO00O
0000000000000000000000000
000000 PVO0000OO0O0ONONOOOOOO
0000000000 Casel 0 400Hz0 O 0 O O CaseDd
20H0000000000000000000000
000.180036mm00000000000000000
0-200000000000000000000000
00065000 10900(0 0 Case 000000000000
0000o00oo0oo

000000000000002000000000
0000000000000000000000000
x000000000000000,00000x, y00
00000000000000000u»00000@
0000D)000000000000000000(,
Wi, v)OOOOOOOOU (=Q/BH)000000
00000000000000AO000000000
O000000HD #0000

gogobooooon

000000000000000000000000
0000000000000000000000000
00000000000000000000000 4
000000000« 0000

0000f (e ) Dgx, 4+t )000000000
CORx1 ) 0000000000

M
D S Xt tp) g%, 1+ 7)

COR fy(%;7) = ——2= -
Q[ et )2 g%ty 1))
p=l1 p=l1

(M

- 650 -



y(cm)

90(cm/s) —
2.5
2.0 I ———
1.5¢
1.0 —
0.5 i —
T - - /" ; ‘_ﬂ‘—fﬁx\_rrﬂ\" :
0 1 2 3 4 5 6 7 8 9 10
x(cm)
0-2 000000DOooooogon
(Case 2: Fr=1.60)
h (cm)
2.1 - 3,«223,1(;;;)(5%) t=3.246(sec)
2.6 t 3.258(sec)
2.5 ' >b\ﬁ~fh:
2.4

o 1 2 3 4 5 6 7 8 9 10
x (cm)

O0-3 0000000 (Case2: Fr=1.60)

t (sec)
0.2

h' (cm)
0.1
0.08
0.06

0.04
0.02

0.15

-0.02
-0.04
-0.06
-0.08
-0.1

0 T T T T ]
0 2 4 6 8 10

x (cm)

0-4 DO00O0OO0DOOOODOO
(Case 2: Fr=1.60)

U000x0O00Ox O0000Mg ODOOOOODOO
ooooooo»ref"0000000O0O0OO0OOOODO
obooooooooobos boboooooooModn
ooooobobooOdroobobobobbooooobooo
gooooo

ggooooo

() 000000
00000AO00000000(@w wIOOOO (Case
20Fr = 160)00-20000000000000000
0000000000000000000000000
0000000000000000000000000
000304m000000000000000000
0000014000000 1/240 se)d 00000000
0000000000000000000000000
0oooO

(@ 0000000

0-30Case2 (Fr= 1600 0000040000000
00180 secd 000000000000000000
0000000000AKHOO0O000+ 0.lemd000000
0000000000000000000000000
0000000000000000000000000
000000¢=3246,3258 secd 0000000000
0000000000000000000000000
0ooooo
0-400000000 4/ 000000000 (Case
2WFr=1600000(x¢)00000000000
0000000000000000000000000
00000000004/ 0000000000000
000000000000000000000000
Case0 00000000000000O0D0O0OO0O00O
000000000Csed 00000000000
00000000000000000000
00000000,0000004/ 00000000
000000000000000000000000
#00000000000000000000000
0000000000000000000000000
0000000000000000000000000
00O0oO0o0oooo

3 000000
0-500000000000000-5(@00000
000U '0000000000-5(b)0 x000000
V#*lu. 0000000000 D00O-5@0O0000
U*=Uudy'=yUh 00000 DO0-5()0000
0000000000000000000000C Case 4
(Fr=090000000000000waked 00000
D000000000000000Y#2/u. 00000
0000000000000000000000000
00%0000000000000000000000
0000000000000000000000000
000000x000000000000000000
0000000000000000000000000

- 651 -



U+

30
25
20
15
10

10 100 y+ 1000

() x00000000000 (ooooogoo
goboobobooboboobobooooon)

\lﬁ Uk — semi-theoretical
25 m Case 1
L A Case 2
® (Case 3
2 O Case 4
5 Aa %%K.A X Case 5
om m 1
1 Y
0.5 ‘
0 0.2 0.4 0.6 0.8 yIH 1

(» xX00000000000

o-500000000

goooobooooo

(4 0000000000000
0000000004/ 000000000« 000
0000000000000000000000000
0000000000@@)0o0o
0-600Case 1(Fr = 2330000000000 4O

O000000000COR, (1 )00000000000

googogdddr =0000.075 secl U 0.0025 sec [
UCORy v )ODDDODOOOOOOOOOoooDODDOO

gooobobobboooooobobobbOor ooooooo 00 1 : ‘ ‘ w .

OD0000t =0000000000000000xg=
3.0cm0 000 COR (T =0)=1.00000000000
0D00000000000000t 000000000
COR, (1 ) 000000000000 O0O0D00O0
0000000000COR (st ) 000000000
00000/ 000000000000000000
0ooooo

0-700Case 1(Fr=233)0000x00000000
w’'0000000000COR ,0000000000
0000 {x, phe= {1.56,147}em0 00000000 14H
0D00D00000O0COR ., 000000000000

7x (cm)8

-6 J0oooobobobooobobooo
(Case 1: Fr=2330x,=30ecmJ 00 000000OCO)

(@ OOO0O0O t©=0.0225 (sec)

0-7x000000000000000000000
(Case 1: Fr=2330 {x, y}ee= {1.56,1.47}em0 0 0 0 O
0ooooo)

OO0/ 0000000000COR ,000000-70
gocor JO0000r ODO0O0O0OooObOOoooooo
gobobbooooobobobboooooooobog

- 652 -



(cm/sec)

120
Cu' ..;
| ]
100 _-'
'%ﬁ
e
80 - %
..@ m Case 1
3 a Case 2
60 .Q:g{& e Case 3
o 5 o Case 4
X x Case 5
40 L
40 60 80 100 120
(cm/sec)
0-8 00000000000 00000OO
o0ooooo

g-e0700000000000DODDOT 00000
goooooobobbbbooooooonobcased OO
JoooooobobbbObOO000000Cese OO
gooboboooooboboooooboooooo

(5) 0O00000000oOoOon
0-s000000000000D0DO0O0O0000
COR ,0000000000D0O0000 00000
cO00000000UyOO000000000000
r« 000000y .00000000000000000
0000000COoR ,,0000000000 Uy )00
0000000000000000000Ooooon
0000@O000w)000000000000000
0000000000000000000000000
000000000000C¢O000000000U»d
0000000000000UpOOO000. 000
00000000000000000 TayleDO OO0
000 00000000000000000
0-9000-800000000000000004
00000CGO000000UOO0O000ooon
00000000 Do 000000000000O0
go90o060000000D0DOO0OOOOODODOO
0000000 00O O00000000O00OO0
000000000000000000000 Cased O
000000GO000000UDOO00000o0n
0000000000000000000000000
Uy)OOD00000U00000000000o0o0oon
000000/ 000000y00UpO00oo0n
00000000000000000000UyO00
00000000000000000
000000000 A00000CGOo000000

(cm/sec)

120
Cy

100 r

80
60 r

40 r

o m Correlation > 0.9
o Correlation > 0.6

20 ‘
20 40 60 80 100 U 120
(cm/sec)

o9 oooooboboboooboboooo

c,/U
1.0 .
09 | " .
08 | = °
07 . °
06 °
05 °
04
03
02
01
0.0

o Correlation > 0.6
m Correlation > 0.9

0 05 1 15 2 g 25

0-10 00opooooobooboooobobooo

OD0FRO0000000000-1000000000U
0D000000000000CG,/U000000FAO0
0D000000000ROO0O0000O00000G,/U
gobooboooboobobooboboobooooooo
L00000000000000000000A D000
DDC;,DDDDDDDU(DDDDDDDDDDDDD
gobboovppydoobbooobobooobobboo

goobbobbooooooboobobboooooboon
00000000000000®2000000000
gobobbooooobbbbooooooobobog
goboobbooooobobbboooooooobog
goboobbOooooobobobbooooooooboo

goboobboooooobbbbooooooboobooo

goboobbooooobobbboooooooobog
gobobbooooobbbbooooooobobog

goboobboooooobbbbooooooboobooo

- 653 -



0000000000000000000000%°00
gooobobboooooobobobbooooobooo
ggooboboooooobobbbooooobon
ggooboboboooooobobbboooooboo
goobbooobobooooboboo

gono u

0000000000Re=2.0x 10°0 Fr = 0.8102.330
ggoobobobooooooobobbboooooboo
ggoobobboooooobobbbooooobooo
ggooboboooooobobbbooooobobo
ggoobobobooooooobobbboooooboo
goobobooooooo
() bOooobOobooboobooboooooooooDooo
ggoobobboooooobobbbooooobooo
O000TaylorD OO OOOOOOO0O0O0OODODOODO
gooooog
(@ O0o0ooOoboUoboooobooogogogogoo
gooobobobbooooobobobobbooooobooo
gogooboboooooobobbbooooobon
gooobooooon
3 000O00o0O0o0obOoobORARO0000DO000O
ggooboboboooooobobbboooooboo
ggoobobbooooooobobobbooooobooo
goobobooooboboooobobooon

gooobboboooooobobobboooooboo
ggooboboboooooobobbboooooboo
gooobooooon

ggood

1) Fujita, 1., Muste, M., and Kruger, A.: Large-scale particle image
velocimetry for flow analysis in hydraulic applications, J. Hydr. Res.,
Vol.36, No.3, pp.397-414, 1998.

2)00000000Oooooooooogooooooogo
goooboooboo, D3sd, pp.733-738, 1994.

3y 0000000 OObOOOoDoOoOoOobooobooobogoo
gooooooooboooooobooboooooooooo
000000 ODONo.726/0-620 pp.41-530 20030

40000000000DO00O0bOOOOooDoooogo
0000000000000 DO470 0 pp.439-4440 2003.

5) Miyamoto, H. and Shimoyama, K.: Spatial correlation structures of
water surface fluctuation with turbulence in open-channel shear
flows, Journal of Hydroscience and Hydraulic Engineering, Vol. 22,
No.1, pp.37-50, 2004.

6) Miyamoto, H. and Shimoyama, K.: Experimental study on influence
range of water surface fluctuations in turbulent open-channel flows,
The Sixth International Conference on Hydroscience and
Engineering (ICHE-2004), Brisbane, Australia, Proc. CD-ROM,
2004.

7yOO0OO, 00000000 0bc0ooboooooooDooo
0000000000, 0000000 0ONo.593/11-43, pp.69-
78, 1998.

JUUUL, I0bObubbboboooooobooooog
0ooOoooOoDbOoO, Do0DO000No.586/M1-42, pp.5Sl-
60, 1998.

9) Nezu, I. and Nakagawa, H.[ Turbulence in open-channel flows, pp.
53-62, IAHR-Monograph, A. A. Balkema, Rotterdam, 1993.

10) 00 000 Tennekes, H. and Lumley, J.L.: A4 first course in
turbulence, pp.248-256, The MIT Press, 1972.

J2005.9.300 0O

- 654 -



	NextPage649: - 649 -
	NextPage650: - 650 -
	NextPage651: - 651 -
	NextPage652: - 652 -
	NextPage653: - 653 -
	NextPage654: - 654 -


