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Tab.1 Particle sizes of sediments tested

()

>0.03 0.03—0.01 0.01—0.005 0.005—0.002 <0.002 dso(mm)
1 17.0 43.0 22.0 16.0 2.0 0.013
2 17.0 55.0 16.0 12.0 0 0.016
3 14.9 35.0 23.7 10.9 15.5 0.010
4 22.1 57.8 9.5 5.4 5.2 0.022
5 18.5 57.5 9.9 7.2 6.9 0.018
6 21.7 49.2 6.5 7.1 15.5 0.019
7 22.0 52.5 9.5 6.3 9.7 0.019

6 42 ,

6 (0.0H 0.2H 0.4H 0.6H 0.8H 1.0H)

B B

5kg/m’ 26 25cm,
6 16 30 40cm/s ,

2 FHKREENEIE

21 ERTFHEDBRREL 1 fmin
1 :S=10;C=5g/L; t=26
, Fig.1 The sediment concentration curves at different flow
speeds
’ Test conditions: S = 10; C = 5g/L; t =26
> > —3+— 40cm/s ; --C+-30cm/s ; —%— l6cm/s; --@--6cm/s

®2 HKEFENEMEL a, KE
Tab.2 a, K value of particle settling of hydrodynamic

- flocculation
Ct (cm/s) a K
c Car (1-a)exp(-kt) (1 6 0.074 0.058
0 16 0.335 0.098
, G ; Co ; 30 0.709 0.235
a k , 2t 40 0.832 1.290
1 2 , ,a 22 ZRRIISLET
k s s b}
( 3a—3e)
( 2) . 16¢cm/s 10 .

46m
; 114—160m

’ 206m
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Fig.2 The curves of sediments settling in different
salinities
Test conditions: V = 6cm/s ;C = 5g/L; t = 26
—e—0 ;—3—10
114m
40 cm/s

46m 99m,

(  3f—3h) ,
( ,1991)

23 ELHENVERETL

> >

, 0.8H ,

24 EANEREZL

10—30um 50%

16cm , 10 ,

); h. 97m ( )
:a—e. V= 16cm/s; f—h. v =40cm/s; a—h.

c=5g/L; s=10;t=26 ;h=25cm
Fig.3  Photos of sediments flocculation
a. Sediment particles on the flume bed at the beginning
(flocs in net structure with some single coarser particles
attached); b. Sediment particles on the flume bed at 46m
from the beginning (flocks in net structure); c. Sediment
particles at 114m (larger floc lumps); d. Sediment particles
on the flume bed at 160m (small flocs and individual
sediment particles); e. Sediment particles on the flume bed
at 206m (mainly individual sediment particles); f. Sediment
particles on the flume bed at the beginning (individual
particles); g. Sediment particles on the flume bed at 46m
(individual sediment particles); h. Sediment particles on the
flume bed at 97m (individual particles)
Test condition: a—e. V=16 cm/s; f—h. v =40 cm/s; a—h. C

=5g/L;s=10;t=26 ;h=25cm

44%, 19%( 3)
30cm/s
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£3 KFEFEDHE 10—30um EEFEAL
Tab.3 The change in content of sediments (10—30um) in water current
10 0
(cm/s) () () () () () ()
40 58.5 58.0 0.5 48.0 55.0 -7.0
30 54.5 51.5 3.0 62.0 57.0 5.0
16 64.0 20.0 44.0 55.0 36.0 19.0
6 52.0 15.5 36.5 51.0 28.0 23.0
0.0 y
\ B
0.1- \ \
0.2 V) ,
03+ | |
0.4 | | - T v R Ak
0.5 Vo 3 BIKRERRSMT
0.6- ||
0.7- |
0.8 ' )
0.9 |a_ .c d \\
et (L] — M ,
® 0.0 9.0 12.0 15.0
= 0.0 I ‘. T \ T T ’ ’ ’
<o ALY L \ \
| 1 lII I', I". I'. Y '\ |I
&2 VLA I. @) ( )
0.3r \ !I Lo (Y \ l.
IR (I I \ |
0.4+ | | [ | \ IIII | ’
0.5+ A \
I \ | VA > 5
0.6 | !l I |\ \
R
0.7r | !l I| | III II I'. II| |
0.8+ I | \
!a|b'c ldie |flg |h i
0.9+ A R | | 3
1.0 A 1 P O S S ) €)
0.0 1.0 2.0 3.0 4.0 5.0 6.0 ,
£/ (gL
4
ca. 11lm; b. 37.4m; c. 55.31m; d. ’
92.71m; e. 130.43m; f. 185.74m; g. 223.46m; ca. Om;
b. 19.80m; c. 72.91; d. 112.83m; e. 165.94m; f. 205.86m; g >
258.97m; h. 298.88m; i. 325.28m s
v=15 cm/s, C=7 g/L, 5=10; v=15 ( , 1988) R
- em/s, C=5¢/L, 5=0 , — 10 N/m(Mehta, 1986),
Fig.4 Change in sediment concentration along the flume in
different vertical directions
Top panel: a. 11m; b. 37.4m; c. 55.31m; d. 92.71m; ,
e. 130.43m; f. 185.74m; g. 223.46m
Bottom panel: a. 0m; b. 19.80m; c. 72.91; d. 112.83m; >
e. 165.94m; f. 205.86m; g. 258.97m; h. 298.88m; i. 325.28m. ,
Test conditions: Top panel v=15 cm/s, C=7 g/L, S=10; Bottom
panel v=15 cm/s, C=5 g/L, S=0
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Fig. 5 Sketch map of the probability of shear/break-up of

Curve I: Probability distribution of shear stress on the flocs;
Curve : Probability distribution of the anti-shear stress of

R.S: The force on the flocs and the anti-shear stress of flocs;
Fx(X): distribution function of random variables
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A FLUME EXPERIMENT ON FLOCCULATION SETTLING
OF FINE-GRAINED SEDIMENT IN MOVING WATER

ZHOU Hai'?, RUAN Wen-Jie®, JIANG Guo-Jun®, YAO Sheng-Chu’, ZHANG Zhi-Zhong®

(1. Transportation College of Hohai University, Nanjing, 210098; 2. Shanghai Institute of Waterways, Shanghai, 200120;
3. Institute of Harbor, Coastal and Offshore Engineering of Zhejiang University, Hangzhou, 310028)

Abstract Demanded by the waterway engineering in Changjiang (Yangtze) River estuary region, an
experiment on the flocculation settling of fine-grained sediment in moving water was simulated in a flume system.
The flume, 339.3m-long straight with a fixed slope was specially designed earlier. The experiment was conducted
for comparison among cases of moving water in different sediment concentrations, flow speeds, and salinities for
understanding the mechanisms of flocculation by grain collision and de-flocculation by shearing force of flowing
water. Photoelectric observation was made at 6 horizontal positions and 6 vertical layers (at 0.0, 0.2, 0.4, 0.6, 0.8
and 1.0 of the water depth) in of the water in the flume. The test parameters were: 5kg/m’ in concentration, 26
25cm water depth, and the speed at 6, 16, 30 and 40cm/s. Salinity was set at 0 and 10. The sediments were
collected in the estuary sized between 0—32um, washed and cleaned.

Results show that (1) in case of identical current velocity, the average sediment concentration at vertical
direction decreased exponentially along the distance of running, and the sediment settlement rate decreased with
slowdown flowing. (2) the size and amount of flocs decreased with the distance at the same flow speed, whereas
flocculation reduced when water running faster. At 40cm/s, no flocculation could be observed. (3) the sediment
concentration boosted at 0.8—1.0 of the water depth in strong flocculation condition.

Flocculation and de-flocculation were alternated depending on the balance in possibility between grain
collision/fluid shearing forces, and the floc-joining/floc-break-up forces. In the process, flow speed was proved to
be a major factor.

Key words Fine-grained sediment, Flocculation, Settling in moving water, Current velocity



