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Study on hydraulic characteristics of Jiantan double-line ship lock using physical model tests
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Abstract: Aiming at the complex hydraulic issues arising from shared approach channels of double-line ship
locks with significant scale differences under space-constrained conditions, we conduct a systematic study using a
comprehensive physical model with a geometric scale of 1:30, on the basis of the double-line ship lock project of
the Jiantan navigation hub. The results show that the ship lock chamber width has the controlling role on ship
mooring conditions, revealing that narrow ship lock chambers experience intense jet impact during unilateral
filling, leading to transverse mooring forces prone to exceeding code limits, whereas wide lock chambers provide
ample space for water flow diffusion. The flow superposition effect during simultaneous filling and emptying of
the double-line ship lock, which significantly influences the flow conditions in the mooring sections of both
upstream and downstream approach channels. By implementing an optimized measure that staggered scheduling is
not shorter than the valve opening time, water level fluctuations in the mooring sections of the upstream and
downstream approach channels can be effectively controlled within 20 cm, while mooring forces also comply with
code requirements.
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mooring force; water level fluctuation
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Fig. 1 General layout of Jiantan ship lock
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Tab.1 Characteristic dimensions of filling and emptying system for first line ship lock

HB AL Hik Fo/m & /m B A mAYm? SIRCTEE L
K K DR IS Tk A &, 2K O TREFE 134 m, BBk S.50m 9.5 5.0 2 95 4.5
ME AR TBOEGE DO ER 1. 34 m, EROKER 5,50 m 3.0 3.5 2 21 1.0
e TR K R R T AR5 JERE - HERTE , = 3.5 m 3.0 3.5 2 21 1.0
1] %5 = JBR i R F B R 8, 2L 2 4% 3.0 40 2 24 1.14
I =5t 7k AL B 49 4>, 43 4 AT E - - - 24 1.14
AL 1 B 13 A3 fL 0.44 0.6 26 6. 864 -
TALA 2 B 12 AL 0.42 0.6 24 6. 048 -
ALY 3 A 12 A~ 32 AL 0.40 0.6 24  5.760 -
HALA 4 B 12 AL 0.37 0.6 24 5.328 -
NE AR BORGE  JRRE TR AR -5, 44 m WEROKER 5.5 m 3.0 3.5 2 21 1.0
T i K S G AR R BRI 9V BJRRE , %5 3.5 m 3.0 3.5 2 21 1.0
kA SRR MR, K D TR -5. 44 m 9.2 3.0 2 55.2 2.6
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Tab.2 Characteristic dimensions of filling and emptying system for second line ship lock
EiEbA ik Jo/m  Emo BodAS ERU/mt SRITEBL
K M54 222 S FLGK, TR 1. 34 m, B BKIES.50m 4.2 5.0 10 210 4,67
L E AR TEERE DO 1. 34 m, EEIROKER 5.50 m 4.5 50 2 45 1.0
R AR R P EEGE, 5 5 m 4.5 50 2 45 1.0
1] S - JHg 18 ) S R T, 2L 2 4% 4.5 538 2 52.2 1.16
i == 7k AL B 24 A, 43 3 41 - - - 51.84 1.15
T 1 AR 8 A AL Lo 12 16 19.20 -
HALA 2 B0 8 AL 0.9 1.2 16 17.28 -
LA 3 B0 8 AL 0.8 1.2 16 15.36 -
TS TAERITBURE T RE-5. 44 m, #ERKIE 5.5 m 4.5 50 2 45 1.0
T kK G FHJERSE 5 5 m 4.5 50 2 45 1.0
Hok o FEA R U, TR AR -5, 44 m 22 5.0 2 220 4.88

1.2 FEARRR

ARG BER K S P ik 6 7 R R, e A

ALATHER A, =30,

P I AILAED AT 3

HAUARRER RS UMT LR E R, WAk 3, &

x3 REER
Tab.3 Model scale ratios

E2 EANS A e RUE
JUT R AL 30
W R A,=A%0 5.48
Wi R Ao=A,"? 4929.5
At ] bR A=A 5.48
EHHR A=A, 30
EHHR Ay=A," 27 000
B H R A, =AM 1.763

A R B UL 2, BRAURREL T . RS AL
T W) K b KRR T S i K R 58 R, AR
FUEZy 600 m, M EAREEZ) 400 m, TFY

1 150 m, HHLIR

W EKZ2 150 m,

T L
it WERLERED |
R

B2

SIEMREYIEERGE
Fig.2 Layout of physical model for Jiantan ship lock
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Tab.4 Hydraulic characteristic parameters of first
line ship lock under unsteady flow conditions

Wi OFER WERGE) oo K
g \ N R/ i
W TR iy FK A fil/ (s BRAE IR/

7770 min min mees (m-s™")

4 9.8 167 0.033
5 10.2 157 0. 031
pyEul
- 6 10.6 148 0.029
FrK
7 11.2 140 0. 028
7 20.0 85 0.017
i)
8 20.9 80 0.016
4 10. 4 160 0.031
5 10. 8 147 0. 029
pygul
. 6 11.3 139 0. 027
itk
7 12.0 132 0.026
. 7 21.0 80 0.016

L8]

8 21.8 75 0.015
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Tab.5 Hydraulic characteristic parameters of second line
ship lock under unsteady flow conditions

Wl g m=ERGEk) ., KB
s g ) s . mRmE N
S AR EHEy JK e fa]/ (m-s ) T RAR R/
Jrak min min s (m-s™")
4 9.2 365 0. 033
5 9.8 340 0.031
Bk
6 10.6 321 0. 029
K
7 11.6 305 0. 028
) 7 18.3 195 0.018
i8]
8 19.3 188 0.017
4 9.9 342 0.031
5 10.7 320 0. 029
Wit
6 11.5 306 0. 028
: 7 12.4 294 0. 027
il
7 19.3 179 0.016
8 20. 4 170 0.016
= I
7( 53t 20.3 170 0.016
8( ) 21.4 161 0.015
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Tab. 6 Ship mooring force kN
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e Hif
" s JE B 3.5 3.0 3.0 18.1 17.5
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Fig.3 Layout of water level monitoring points in upstream approach channel
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Tab.8 Maximum water level fluctuations in
downstream approach channel during emptying
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Fig. 5 Layout of water level monitoring points in downstream approach channel
0.7 0.6 . — LB ok L1

TR

06 ZRAR T K

: 2 HK DT
0.5 i "%fl%’x

0.4 3 ?;;&L

03 o

0.2 UG

JKAz/m

Fif i) /min

a) —ZRARIF A MK

- - Ak
UG B

Fif i) /min

b) RN K



74 RER, F: SUEMEA W KA FH I h AR RBAT T - 111 -

a0

=5
=i

1.0 -
0.8
0.6
04
02
0 Fr

-02

-04

o

AT,

el g=ct

TS

i

TEHESEE
TR TSRS

TP EE (K

KAz /m

5] /min

<) LR A IR ] Ik 3L itk

IKAsi/m

AsHi) /min

d) SR A ] B0 X3 K (— R A IR A K

0.8 -

— LR
6 | Ak T
: SN STy B
I NN — - Al
g %4 - IR
8 B T
S Lz TR B
= 254
0.0 i
-0.2
_04 1 1 1 1 1 L 1 1 1
0 2 4 6 8 10 12 14 16 18

Fst{i) /min

©) RUER AR RIS 02 K (2R R ) S K )

B 6 ¢ =4min &TRHKOKCETLTIELE
Fig. 6 Water level variation hydrographs at outlet

under various #, =4 min operating conditions

5 &g

1) WIHHRAFIKRAE THT, S I A
[l 7K R GEK J1 R . &K 7 F8 bR 1 ae ol 2
BOH ARG EEOR, BHIRK REAE T Re s
B,

2) g ROBE 22 53 0 4500 25 A BAT D5 1 5
Wi, PERRIFEOK TOLT, — 2 A Il I 2 B G g o
AT SR 1] 2R B0 S KA BE B 20% L)

b, A I ORI S R, RS
AR R RIEEOR

3) “HEWEEAT MK TS AN i OGS

Tt o AU sEt K B, 51T IE P K AR ZL S

1A Bt KK A8 IR A I 50 em, IR1E HE K TR
ZERIT 1.0 mo SR AN T[T )3 ) T6) 10
WEVERESS ,  FIREEAR AT A A A HITE 20 5 55 em
DAY, Rfdeld 28 TR K ) T4t 4t 1 4k Ak |
AEAEBIT TR,

4) AL FEBEE X KAL S A — AR, #IY
RS G BRI R Z A KA AL K
ARZHAS I N RS AL AT T FESCPRis AT b, Al
— I S B T LI I R RE AR IR R R G, B
SUACIBATIN T, PR B 22 42 1 [a] i 32 T 43
ALRCE,

SE K :

(1] ARJEL, MR S5 X 2L TR il i /K R e A Sk
RWFSE[I]. /Kis T/, 2018(12): 129-133.

REN Q J, YE Y S. Experimental research on layout of
filling and emptying system of Panghai ship lock [J].
Port & waterway engineering, 2018(12): 129-133.

(2] AR, BRETFIE, 47 B8R, UZ AR 07 5 A 7K R 4
AR [T]. KFIKIE TR, 2013(4): 67-72.
ZHOU Z M, CHEN Y Y, YANG Z C. Numerical
simulation of hydraulic characteristics of a double-line
locks approach channel[J]. Hydro-science and engineering,
2013(4): 67-72.

(31 XMRHF. P ftis A AL — 2k I F- i A B P 5T ()], 7K

i1, 2013, 34(2): 150-156.
LIU J T. Study on plane layout of the second line ship
lock of Guiping navigation junction [J]. Journal of
waterway and harbor, 2013, 34(2): 150-156.

(4] BRBRE, RoL, 2t VI 50 iy ] ~F 1 A 5

ZERALAE D] KB TR, 2018(8): 65-70, 75.
CHEN E W, WU L Z, LI S P. Plane layout and structure
optimization of Xinxia Port ship lock in Jiangyin[J]. Port
& waterway engineering, 2018(8): 65-70, 75.

[S1 M A B TR JTS 305—2025[S]. dbnt: ARAS
A AT e A PR3 ], 2025.



- 112 -

K E I A2

2026

[6]

(71

(8]

(9]

[10]

[11]

Code for overall design of navigation locks: JTS
305-2025[S]. Beijing: China Communications Press Co.,
Ltd., 2025.

B, 2RI, v, A SR IR AR T S faE
FEPE B LR i (0], 22l
37-44.

K

R 5 TR, 2012, 28 (4):

HUANG L C, LI S, YOU T, et al. Flow characteristics

and effects on the approach channel during the
co-operation of the double-lane shiplock [J]. Journal of
transport science and engineering, 2012, 28(4): 37-44.

FLIGHE, 2 TR, A5 BRIEVLIM I A1 T /By il 51
AT TEEATK AL [T]. T E Kz

KONG Z Z, XIA Y, WANG Y, et al. Observation of

z,2025(8):79-81.

navigable flow conditions in the approach channel of
Babaodu shiplocks under tidal bore action in Qiantang
River[J]. China water transport, 2025(8): 79-81.
BRI, T 75 1R, 2R, 2. /\ AR XU S IR 5 | A 18 A
IS AFFE [1]. /K32 T A, 2025(1): 122-128.
HU T Y, YAN X J, LI H J, et al. Observational study on
navigational water flow conditions in approach channel
of Babao double-lane ship lock [J]. Port & waterway
engineering, 2025(1): 122-128.

Wi, EBRAR, BRLLHA, 2. B I IS ] 25 HPUIE K
TENHLAAT T (7], R AITRR 2 B

110-118.

B $i, 2026, 43 (3):

CHEN D, WANG Y G, WEI H Y, et al. Superposition
pattern of water flow in shared approach channel of
Gezhouba ship locks [J]. Journal of Yangtze River
Scientific Research Institute, 2026, 43(3): 110-118.

g S P XU ) 5 1 E 9 R BT OFFE 0], 7
L BIHTRFSE, 2023(6): 114-116.

ZHANG M Y. Study on dimension design of shared
approach channel for double-lane shiplocks[J]. Industrial

innovation, 2023(6): 114-116.
XA, B AE. 558 B VLV %0 ) 4 /K 3R G A B o

[12]

[13]

[14]

[15]

[16]

¥ [J]. KIEH 1T, 2009, 30(5): 352-356.

LIU B Q, XUAN G X. Layout of filling and emptying
system of Shaxi shiplock in Jialing River[J]. Journal of
waterway and harbor, 2009, 30(5): 352-356.

ifs DR i 7K 2R S8R JTT 306—2001[S]. dbst: A
FACH H AL, 2001.

Design code for filling and emptying system of
shiplocks: JTJ 306-2001[S]. Beijing: China Communications
Press, 2001.

RYLE, LUK, 250, 55 MK A5 05k 1],
NERKIT, 2017, 48(13): 54-57, 80.

WU Y Z, JIANG B L, LI J, et al. Research methodology
of ship lock hydraulics[J]. Yangtze River, 2017, 48(13):
54-57, 80.

FI, ik, FREA. S R S LA B R R R 48
TPBUARHU[T]. 7Kz TR, 2016(4): 94-99.

WANG J, YANG B, CHEN M. Numerical simulation of
mooring force under different arrangements of collateral
holes [J]. Port & waterway engineering, 2016 (4 ):
94-99.

TR, Evh e, 22 adt v, 5 i 4R I8 I S AL
KA GE L S B S5 A B AR (], Kas T
£, 2024(5): 130-135, 199.

DING L Y,LI Z H, AN J F, et al. Flow uniformity and
arrangement optimization for side-branch discharge
holes in dam wall long corridor channel water
conveyance system [J]. Port & waterway engineering,
2024(5): 130-135, 199.
T, VAT, BRSE, S5 20 U I e 7K 2R GE K ) 2 A
R BESE [T]. 7Ki8 TRE, 2024(12): 115-123.
WANG J, XU C L, CHEN L, et al. Experimental study
on hydraulic characteristics for filling and emptying
system of Huzhou ship lock[J]. Port & waterway
engineering, 2024 (12): 115-123.

(ALm# 1)



