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THE STUDY OF THE CHARACTERISTICS OF THE
BED CONFIGURATION IN OPEN CHANNELS

——On the Statistical Structure of the Bed Configuration—

By Kazuo ASHIDA and Shuzi NARAI

Synopsis

In this paper, the authors study on the statistical structure of the configuration of
moval bed in the range of Lower regime, Fr.<1, and discribe the results of experiments
in the two channels which are differnt in width.

The spectra of bed configuration along the longitudinal line, which are measured in
space and time, show interesting characteristics as follows. (1) The range of wave length
of Alternating bar is about 2~10 times of width B, and the eminent wave length is 4-B.
(2) The range of wave length of Dune spreads to about 10 times of depth %, and its
statistical structure composes some ‘‘inertia subrange” in time and space, which has a
similarity independent of external conditions. The wave length of Dune accompanied with
surface water wave, which occurs when Fy. is nealy 1, is about 4~5-%. (3) Another bed
configuration is longitudinal streakings, the interval of which is 2-k lateraly. (4) Above
three components are able to coincide each other according to hydraulic condition.

In the latter half of this paper, the results of turbulence measured in the channels
with the fixed and moval bed are showed, and reveal that the occurence and the growth
of bed configuration has a close connection with the structure of turbulence.

The experimental results indicate this statistical approach to phenomena of the moval

bed to be applicable even for the estimate of flow resistance.
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"Table 1 Dimension of flumes used in 100 o
‘experiment. /)’o-
— p (%)
” i . 80
Filume .\BN(‘SIL}S Ifélrﬁgh Sediment supply f/
A 60 150 | No supply 60
B 20 18 | Recirculation system
w0 /
FBRCH IR Fig. 1 R Rl r
% & DFIEIE dm=0.71 mm, G5 HREL So=1.30, 20 /
IE 0=2.65, Z2E 1=45% - TH %,
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or .2 4 6 810 2 4

1oz, TR —EC 58 s LT, —~ElEx—
ERREAK L, TR ORI DABY L HE LT Fig. 1 Grain-Size accumulation
FIEEAA Y b7 — xR, KR & R RIERL curve of used sand.
B0 3 PR, BIERMRIXAKKRT 10cm, BK

BT 2.5cm & UL FHREOMESRAHTERER 60~100m, 15m Kij&Es LT, 0.5mm
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Table 2 Experimental conditions.

: Mean Shear Froude | Manning | Relative
Exp. Discharge | Slope | Depth velocity velocity number | coeff. roughness
QU/s) i h(cm) | U(em/s) | wux(cm/s) Fr n(m™1/3%s) | ks(cm)
A—1 20 1/500 7.1 46.9 3.34 0.56 0.0160 0.228
2 20 1/500 8.6 38.8 3.62 0.42 0.0216 1.010
3 10 1/500 4.0 41.7 2.62 0.67 0. 0122 0. 0658
4 10 1/500 3.8 43.9 2.58 0.72 0.0123 0.0411
5 30 1/500 15.1 33.1 4.45 0.27 0. 0356 5.68
6 5 1/500 2.65 31.7 2.19 0.62 0.0118 0.0823
B—1 3.0 1/200 3.09 53.1 3.16 1.00 0.0116 0. 0294
2 4.6 1/500 4.72 51.8 2.37 0.78 0. 0099 0. 00536
3 6.4 1/300 5.33 62.8 3.37 0.89 0.0122 0.0214
4 2.6 1/500 3.02 43.1 2.13 0.79 0. 0084 0. 00840
Table 3 Experimental results of bed form properties.
Length of | Length| Ratio | Ratio | Travelling velocity | Standard
Exp.| Alternating| of Dune| of of — i deviation | Bed configulation
bar A(cm) | A(cm) | B/4 k/2 | v4(cm/s) | valem/s) | oz(cm)
. N Irregular—>Altern-
A—1 260 100 0.23 | 0.069 2~3 0.601 ating bars
2 280 120 0.21 | 0.071 1.144 Irregular
3 240 0.25 0.488 Alternating bars
4 350 0.172 0.443 Alternating bars
5 280 150 0.21 | 0.111 1.827 Irregular
6 — — — — — — — Flat
Dunes and Altern-
B—1 80 14% 0.25 | 0.22% 10 16* 0.269 :]i)ting baril
. . unes and a Long-
2 60 0.079 11 0.187 itudinal Streaking
3 85 18% | 0.23 | 0.29% 30% 0.332 Irregular
Two Longitudinal
4 — — — — Streakings and
B b o Dunes

* Dunes accompanied with water surface waves.

2.2 BERRLZOER
Table 3 IfEITOFEEE S - Altervating bar, dune DEMEEE 4, 1 &, EBRIREL-FhEh
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KRB BT 5 REROBITRERIC OV TER Y TTD5,
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E>107% cm™! OEEEURICAKKIEH N Z(E L SBEESS R bR, BRI e T Eﬁ‘%tc
RIS bR, BAEEOMME &b CEL I 501, KBTS0 T, HTH
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Fig. 2 Lateral variation of power spectral
density of bed configuration along
the longitudinal line, after 2 hr. in Photo. 1 Bed configulation to down stream,
Exp. A—1. after 2 hr. in Exp. A—1.
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AT VEBENR— B SO KR EROTREL L L E - Tmmb%@&m;5%®&%i6h

z)c
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FiteCdhbH, Fic 29/B==20.83 fD 2 & — v v ADBHINE(LDO—H7% Fig. 4 @), b TH5H, “hb
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B, COREFEBOASRZ PADISFITE LT -2V ETH D, KEEGCEFBL Thi, o0
CLIEBARBTOERERCLLEDDOND, HROBRFEEDD CIXFDALs FADE 5EILIHIT -3
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ﬁﬁﬁﬁbfbb:&,LtﬁoT%h%h@ﬁﬁf®ﬁ$%ﬁﬁﬁﬂ?6%@&%%&??®5%§%&
HIEERBLTNS, AERTHONIHENORFT D &, KR 2> TERTGLL B k-h>0.
@ﬁﬁﬁﬁfﬁﬁﬂ%mgﬁw,éaummmﬁ@mam;ofﬂmbmw”mm&m+m&@,#&b%
SEEFERATMR L T b, SO &L, iR & o MBI MR AR S R o & T H0O—/
DOREWED B DEHEFESHLL T D ZERRL T,

FEROBENOHRETIE, ZOBEREIRTOMKIZE., %K Tix Dune %\ % Ripple w48
b oY THLDTH B,

{ERFER 0. 1<k-B<0.5 TR\ Tik, MBESIHEDASNY b, ab— U Y ADEENFT LY, &
KEFROWIE & 1227 h PR RSB R R T A H 5 Z LRl R L HBRD, A7 F VEE
k-F(R) 2B LDDIL, Exp. A—4 %R\\T k-B=0.25 TiRiE—ETHbH, Alternating bar Hi5
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Fig. 3 Variations of power spectral density of bed configuration ‘along the
longitudinal line with tme in A-channel. 2y/B=—0.83.
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HECHIM TR TH D 2 b hs, ERERC
LHND L5, TOERBERTORZBCIIN O
R 203 E U, AERBHEHOMKRHITILL OF
ERBELRAT 5 FCICREL LI 5T,
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Fig. 5 (@)~C) B EAEBRKEOFEKEE A7 + 1
DRFGER, MR ELY RLicbDoTHB, Exp. B

, - —1, 3 T, 0.1<k-B<0.5 OWHHERL Alter-
B o i oe /e nating bar ORIRBARC 475 b0ThD, -
channel. k-B=~0.25 TEDA2s + VEIE k-F(E) (LA
RO, TOBBIA-KBTCORBRE—FKT5, &
WHEBTOARY F AL ETHEREZRE LTW52, FOI5ELEE —2 OETH h RiHEREY
BRLTWAZEnLEDdbhs, ORI TLALRLEGE — 218K Sbh 5 B okl %
LA S BHRD TH > TEDOERILEN k-h=0.2~0.3 TIHZ—ETH %, Exp. B—1, 3 TOWKH
f&% Photo. 2 (a), (b) KiR$, =KICAY7: Dune L5835 & Bbhs Exp. B—3 OFKBEILIE =T
DEFTH L/ & 512 Dune O E Alternating bar O & : 23 FT 5 H[AED MK THH & LA
binb, ¥itz, Fr. Bt 1@y KELACE, Dune OREEFBIck\ T, KEHETcbbEHEGE
T s LR EHbh5,

Exp. B—2 OEFKREF A2 F ATiL k-b>0.07 Ohle D [V BT 20 2 5 EANRIT —2 OfFx
BORHEBAMRIh TV, COFEBTIE Alternating bar O EIKIT LR, FKHEROBZEC
X A&, ZRTTH Dune & KB OEHIC—ADRESNIET BHK CH 5 = L 3n s »bhic, Exp. B—4
KB O SRR DB FRMINE KB R OB ET, Photo. 3 (2) IZ7R§ X 5 IR X b Ml
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Fig. 5 Power spectra of bed configuration along the longitudinal line with time
in B-channel. :
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(@) After 113 min. in Exp. B—1. (b) After 40 min. in Exp. B—2.

Photo. 2 Bed configuration to up stream in B-channel.

(a) Bed configuration to up stream after (b) Surface flow pattern with aluminum
2 hr. powder to up stream.

Photo. 3 Longitudinal streakings in Exp. B—4.
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Fig. 7 Variations of energy spectra of the longitudinal velocity with time on the
moval bed in A-channel, at 2y/B=—0,57, z=(h—2)cm.
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