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Numerical simulation of hydraulic characteristics of unsteady flow in

shared upper approach channel with double-line ship lock
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Abstract: When double-line ship locks share a common approach channel for both irrigation and discharge
purposes, the hydraulic system becomes susceptible to unsteady flow conditions. This phenomenon primarily stems
from substantial water surface fluctuations within the approach channel, leading to complex flow patterns that
significantly compromise lock operational reliability and navigation safety. In this study, the RNG k-& turbulence
model is used to analyze the hydraulic characteristics such as flow velocity, flow distribution and water level
fluctuation at the inlet of the approach channel and the ship locks under different operation combinations when the
ship locks share the upper approach channel with the Baishiyao double-line ship locks as the background of the
project, in view of the unsteady flow problem generated when the ship locks share the upper approach channel. The
results show that during the irrigation period, the flow velocity and water level fluctuations at the intake of the

diversion channel are the most significant, and a local vortex is formed near the intake. When the double-line ship
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lock is operating simultaneously, the water flow conditions at the intake are even more complex, and even small-scale

vertical vortexes appears, which have a significant impact on the water delivery conditions and the operation of the

valves. By analyzing the unsteady flow law of the upper diversion channel and evaluating its adverse effects on ship

navigation and berthing, it can provide a reference for the actual operation of the project.

Keywords: shared approach channel; unsteady flow; hydraulic characteristics; double-line ship lock
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Fig.1 Grid delineation of three-dimensional model of
upper approach channel of ship lock
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Fig.3 Comparison of water levels at center point of ship lock
2.4 ETH

R 5 A7 40 D 208 ) g S A 0 B O R B
P A S ) R S K T R0 2 T SR )
1 6 min Zc A7 NI4T RAF . H TR AR ] ] i
7K 5 min BF, ATREAE S HUE N RED K, N
Beids, PRI IFFT TR E N 5. 6 min,
PUEMIFAETHILE 1,

x1 HEIR
Tab.1 Working conditions of calculation
AN NP =P t,/min K AL /m
1 LA IR BB AT 5
2 AL IR BB 1 T 6 38937 3
3 UL S ] [F] ) 35 4 7 5
4 XL S ] (eI 1547 6

2.5 WA

SN — | R I E A S e R
TRAEME, AE LT U PN A ] 2 RERR 100 m
VR, L8 A, AT et /K O BT A e
B, KA, W78 WL 4,

\
\
\v—-
® n
|
- |l
ZII\)‘
gl
L&
|
=]
|l
I
u}
5|
|
Ll
U
]!
L
|I
[0 T

Z — = — B =
" 24 AR R 2R 2-17 -l
s E R B
4 1-4* 1-3* 1-2¢ 1-1# -l
e B ¥ -—-m -
//// 8% & ([ [[[[[[TITTIONTTTITIIT
N
A B2 m%m??vﬂﬁﬂﬂb&wo m
I )
| iR BE395 m
B4 LESIMENSHE
Fig.4 Layout of measurement points in
upper approach channel
3 EREN

U R KA R 37.32 m, fEE T Ak
3 590 Sy B 2 D] Bl 3 AT R SR S B[R] B S AT
HEAK I T FF IR I E] 405104 5 1 6 min, #EK =0
XU JRRTEHE 7K, 5 TR I X 1 Ay 7 K 2 itk /K B
5%, ANIFIEAKHR T S B (] IR HR 7K P KO
Hi 2 iy 2 ) ] 2 0 K K R AE i e e,
KRR LA S,

600

—_— LS miniLFE
— - 26 miniF
500 - — WS minXUFE L
N\ L6 min XL FE 7 hik
7 \S
— 400 / \
& / \
S st / \
- R\
= 200 | i ~ \\
e S\
/ /7 N \
A
7 \\
/d

! L ! L | ! )
0 100 200 300 400 500 600 700
Tls

B 5 BAEMEEKREIEL

Fig.5 Process line of irrigation flow at Baishiyao ship lock
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Fig. 6 Contour plot of flow velocity in the plane of upper
approach channel when single-line ship locks are
operated separately
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