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Fig.2 3D computing grids of the approach channel
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Fig.3 Velocity distribution in the upstream approach channel during the double locks filling (¢= 300 s)
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Tab.1 Hydraulic characteristics calculation results of the upstream approach channel

T ;3294 KR, EABOKN YRR/ LA YA = 1= e VA 1% .94 " RYi/
% (mes) m BARAIE/ m %o %o (m-s") (m-s") oL kN
1 9.6 0.31 0.25~0.31  —0.35~0.40 0.20 0.30 ~0.50 <0.10 RUF 19.8
2 9.8 0.23 0.10~0.23  —0.20~0.30 0.15 0.20 ~0.30 <0.20 BT 14.8
3 9.7 0.22 0.10~0.23  —0.20~0.30 0.10 0.20 ~0.30 <0.20 BT 13.9
4 9.5 0.38 0.15~0.38  —0.25~0.40 0.20 0.30 ~0.50 <0.20 RUF 20.9
5 9.6 0.31 0.15~0.31  —0.20 ~0.35 0.20 0.20 ~0.30 <0.20 BT 17.0
6 9.6 0.30 0.15~0.30  —0.20 ~0.35 0.15 0.20 ~0.30 <0.20 BT 16.5
7 9.5 0.27 0.12~0.27  —0.20 ~0.35 0.15 0.10 ~0.30 <0.10 BT 16.3
8 9.6 0.20 0.10~0.20  —0.20 ~0.25 0.10 0.05 ~0.30 <0.10 RUF 12.1
9 9.5 0.19 0.10~0.19  —0.20 ~0.25 0.10 0.05 ~0.20 <0.10 BT 11.7
10 9.4 0.32 0.25~0.32  —0.30 ~0.40 0.15 0.10 ~0.30 <0.15 BT 18.0
1 9.6 0.25 0.10~0.25  —0.20~0.30 0.10 0.05 ~0.20 <0.10 RF 13.3
12 9.5 0.23 0.10~0.23  —0.20~0.30 0.05 0.05 ~0.20 <0.10 BT 12.4
13 9.7 0.24 0.10~0.24  —0.20 ~0.33 0.15 0.20 ~0.30 <0.20 RUF 15.8
14 9.6 0.32 0.15~0.32  —0.20 ~0.35 0.20 0.20 ~0.30 <0.20 BT 17.4
15 9.6 0.21 0.10~0.20  —0.20 ~0.25 0.10 0.05 ~0.30 <0.10 BT 12.1
16 9.7 0.25 0.10~0.25  —0.20~0.30 0.10 0.05 ~0.20 <0.10 RUF 13.3
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Fig.4 Velocity distribution in the downstream approach channel during emptying water(t=260 s)
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Tab.2 Hydraulic characteristics calculation results of the downstream approach channel

T4 B/ KR/ EABOKNE YLLK/ KELLRE,  SRBE, B - RYih/
G (mes) m KA/ m %o %o (m-s) (m-s) s KN
1 6.6 0.45 0.30 ~0.45 0.40 ~-0.10 0.15 0.5~0.6 <0.10 RAr 19.4
2 6.5 0.16 0.05 ~0.16 0.25 ~-0.05 0.10 0.1~0.2 <0.05 Rar 11.6
3 6.5 0.32 0.20 ~0.32 0.30 ~-0.10 0.20 0.3~0.4 <0.10 RAr 16.1
4 6.3 0.51 0.35~0.51 0.40 ~-0.10 0.20 0.6~0.8 <0.20 RAr 21.8
5 6.2 0.18 0.05~0.18 0.30 ~-0.10 0.10 0.2~0.3 <0.05 RAf 13.7
6 6.4 0.35 0.25~0.35 0.40 ~-0.10 0.20 0.4~0.5 <0.20 RAr 18.1
7 6.4 0.30 0.25~0.30 0.40 ~-0.10 0 0.3~0.5 I R4r 15.9
8 6.5 0.16 0.10~0.16 0.25 ~-0.05 0.10 0.1~0.2 <0.05 ERSE 11.6
9 6.2 0.34 0.25~0.34 0.40 ~-0.10 0 0.3~0.6 g R4f 16.5
10 6.2 0.18 0.12~0.18 0.25~-0.10 0.15 0.2~0.3 <0.05 R AT 12.4
11 6.4 0.21 0.15~0.21 0.25 ~-0.10 0.10 0.2~0.3 0.05 R AT 12.1
12 6.2 0.24 0.18 ~0.24 0.30 ~-0.10 0.10 0.2~0.3 0.05 R AT 13.7
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Numerical simulation of hydraulic characteristics of
a double-line locks approach channel

ZHOU Zuo-mao', CHEN Ye-ying’, YANG Zhong-chao’
(1. Hunan Provincial Communications Planning, Survey & Design Institute, Changsha 410008, China;
2. Chongqing Jiaotong University, Chongqing 400074, China)

Abstract; The double-line locks of Changsha navigation-hydropower junction share an approach channel, in which
forms unsteady flow during locks empting and filling water because of large discharge flow. The unsteady flow is
very complex, so ship navigation and berthing safety may subject to dangers. To ensure the safety of the ship
navigation and berthing, hydraulic characteristics of complex unsteady flow in the approach channel under the most
unfavorable operation condition are studied in detail by means of a three dimensional mathematical model. The
formation, developing and spreading mechanisms of wave are analyzed, and these hydraulic factors such as wave
height, wave velocity, gradient and mooring force are obtained from numerical simulation. And some improvement
measures to help the double locks to operate by means of staggered flow peak and the locks to discharge the water
not to the downstream navigation channel directly but to the side pipeline are proposed. These measures mentioned
above have improved effectively the flow condition in the approach channel and been applied successfully to the

supporting projects. Research results can be taken as a reference for the similar projects in future.

Key words: ship lock; approach channel; unsteady flow; hydraulic characteristics; numerical simulation



