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Study of Flow and Sediment Motions in a Straight Widening Navigation Channel
LI Fujian, HUANG Sheng, XIE Yushu, LIU Chao *, LIU Xingnian
(State Key Lab. of Hydraulics and Mountain River Eng., Sichuan Univ., Chengdu 610065, China)
Abstract: In the mountainous region, the geometrical shape of a navigation channel is often changed from narrow-deep to wide-shallow, yielding
the longitudinal change of motions of flow and sediment. By performing model experiments, this study investigated the variation of flow and sedi-
ment motions in the longitudinal direction, and explained the mechanism. With different upstream flow conditions, the water depth and the velo-
city in the main channel and foodplains were measured to explore the pattern of their changes in the longitudinal direction. Based on the measure-
ments of bed shear stresses and bedload experiments, the threshold for estimating the movement of bedload had been proposed. The experimental
result indicated that the geometrical shape of navigation channel significantly affected flow and sediment motions; The largest change of flow
depth was observed at the interface of the narrow-deep channel and the wide-shallow channel; The difference of flow depth in two channels in-
creased as flow depth increased; The mean channel velocity increased from the end of narrow-deep channel, achieved the maximum (about 1.5
times greater than the mean channel velocity in the upstream channel) at the interface of two channels, and finally reached to a steady value (about
0.8 of the mean channel velocity in the upstream channel). The bedload experiment indicated that the motion of bedload could be evaluated from
the comparison between the bed shear velocity and the critical shear velocity for the initiation of bedload . Most bedload stops moving and depos-
its when the condition for bedload deposition is satisfied. In the mountainous navigation channel with an intact bed armor layer that did not break,

the proposed threshold can be employed directly to estimate whether the bedload from upstream will move to downstream or not.
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Tab.1 Summary of parameters in six cases
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5 75.4 10.22 6.81 62 603 14 129
6 88.8 11.55 7.83 72136 16 577
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Fig.2 Arrangement of measurement points at a cross section of the shallow-wide navigation channel( Taking Case 4 as an

example)
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Tab.2 Summary of critical initiation shear velocity and bed shear velocity

T bk WORIRAR RN Il 5 P BEL i T Al 1 o J& i Al o
Q/Ls™ dJmm FiARd « ux/(cm's) us /(ems™) WU Usge/(cmes ) Ui Uac
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S1 50.9
2 50.57 341 3.57 1.05 3.00 0.88
3 75.86 4.10 4.17 1.02 3.71 0.90
S2 75.4
4 101.15 4.73 4.17 0.88 3.71 0.78
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Fig. 3 Longitudinal evolution of flow depth in cases 3 and 5
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Fig. 6 Longitudinal distribution of mean velocity in the
main navigation channel in six cases

RIRAANIE — e T 30052 BUAOK Bovb i it #
AR ARG o R B, 7E T IRV R, B
0 38 1T A A ) W T R T DR B X

1.0 AxrEE /m .
E -0.045 —0.035 —0.025 -0.015 -0.005  0.005
w0
% 0
= 0.5
#
_10 | L | | 1 |
0 2 4 6 8 10
WSFEFE R x/m
(a) T.WL S1
1.0 MAxEE /m . |
= -0.045 —0.035 -0.025 -—0.015 —0.005  0.005
= — -
=
N
= :
_10 L | L L | L 1 L 1 1 L 1 | 1 L 1 | L 1 1 1 L Il
0 2 4 6 8 10
YRR B x/m
(b) TH S2

Bl 7 ARFHTEMEHERFRRES

Fig. 7 Bedload deposition in the main navigation channel under different conditions
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