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Abstract: Currently, there is no unified standard for the design of intermediate channels and the canals
connecting major water systems in high dam navigation. The navigation of vessels within these channels is
significantly different from that in open water areas. This paper takes the representative ship type of 3, 000-ton-class
bulk carrier in inland waterway class I as the research object. The method of three-dimensional numerical simulation
of fluid-solid coupling combined with the experimental validation of the resistance test of circulating flume ship
model is used to study the influence of shallow water effect on the navigational parameters of the ship under static
water conditions in a channel of twice the width of the ship, with /T (water depth to draft ratio) =1.2,1.3, 1.5,
2.0 and 2.5, and speeds ranging from 1. 0 to 3. 0 m/s, with a step size of 0. 5 m/s for combined working conditions.
The research results show that when h/T is less than 1.5 times and speed is greater than 2. 0 m/s, the water level
difference between the bow and stern of the ship increases significantly, the specific drop of water surface increases,
and the longitudinal force increases significantly, resulting in an increase in the total resistance of the ship’s
navigation. In addition, as the speed increases, the flow velocity around the ship increases, the water level and
hydrostatic pressure around the ship decreases, and the hydrostatic pressure at the transom is lower than that in the
bow area. The degree of sinking and longitudinal inclination of the ship intensifies, ultimately leading to a further
increase in the total resistance of the ship. The results of this research can provide important references for the design

of water depth of intermediate channels or canal channels and the determination of safe navigation speed of ships.
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Fig.1 3,000-ton-class ship model

=ARRCE TR RO R R R A 2, S T
B JRE 11 AU RS M KA B EL, ERTT
e TR R B S 6], DRI, AR S A SR 4 e T
SEAR 2 A (184.0 m) , MRS 1A AE R 1 A5 A
K(92.0 m), %2 T B E N TR ST LAY 2 A
(32.4 m), BB H A FBEE N e H X RA L
G, BEEPI SRR A W] 3 H G T RS Y BE
S, e O R B A i A S, T
MM R R AH A B

FEJ1H L (JE T7)

H RIS ()
TR HE (R T7)

SI, ‘\

TE: BWARSE; L, K,
2 HFRBRNFEMN
Fig.2 Mathematical model and boundary conditions
AL, T A S R
5 RE K PLEE L, FFBRWIMAR 7N A 23,
(EEHSH SEZRE S e N SR VNS 1 B I 1 1 i B s i £
KU LA O AR FE K P B AT R, DA
PR AARIAR X 32 3l 7R TR A v 8] SR AT
W, MRS KR Z T AR 3z gl 22 51 R BN TR 2L
RIKIER S, o TR KA, & Xk
5 7K A fh DX 3R L B A A 5 30 BE e fh DX ISR 5
WUk AT NG, DA RS
AHIFFERT i 1A BT 78 DX T A% R 47 A 14 2
INEEAL B, RS ULIE 3, AR X J7 1], MR
AR RSB 0. 4 m, 328 5 A A 1 DX S o A IR
0.6 m, HRFHE AL 1.0 my £ Y5



- 156 - KoE LA 2025 %

], PP IRGE GE R AR, B A T N B 0.4 m, JFFXF/KER T H DCEGEAT A0 A s, A%
0.4 m; TE Z J5 [, B R A% RO [ RE RSP 0.25 m, AR R B s

a) FI AR A%

b) MERX-Z 77 i R#% ) VB X-Z 77 1] P kS

d) MR Y-Z 77 1wl A%
B3 MiEs
Fig.3 Mesh division
1.3 BUEAAUA R IR BB A TR R AR . AR 3 ol A% RUSF B B
1.3.1  PISICCPERIE JIEUEHRSE R IR 1, ARS8 A% 50 45

TiteiR2E AL AR iR 22 02 CFD LU0 £ 2k SRIEAR L, ARS8 0 0 ks R A AR B B
ZERUR o RS B RELER T4 52 IR 22 73 19 A5 22 18 1) 4 THRE, R MR B BCRE R R ACR, U
(EARAME Bk, S EON [R]85 A 5 NIRRT S 0. 25 m (20 IS 3] 53 J7 S8 AT ) 8
SURBEABIRIE, ABETEIET 3 P R B

R1 FEMEEETHEERLL

Tab.1 Comparison of calculation results with different mesh densities
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Tab.3 Mathematical calculation of total resistance

" R/AN

(ms™) p/T=1.2 WT=1.3 WT=1.5 WT=2.0 h/T=2.5

1 1.0 23.43 21.03 17. 64 16. 50 11. 08
2 1.5 56.52 46.12 33.87 28.55 20. 95
3 2.0 107.46 85.33 68. 49 47.80 35.12
4 2.5 206.38 145.18 101.98 71.24 56. 07

5 3.0 767.31 302.36 167.51 104. 12 78.79
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Tab.4 Effect of shallow water on ship resistance
( referencing 2. 5 times the draft depth)
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1 1.0 111.49 89. 84 59.28 48.97
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Tab.5 Water surface gradient
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(m-s™) W/T=1.2 W/T=1.3 W/T=1.5 h/T=2.0 h/T=2.5
1 1.0 0.39 0.31 0.17 0.11 0. 08
2 1.5 0. 88 0. 67 0.37 0.22 0.17
3 2.0 1. 69 1.25 0.62 0.36 0.26
4 2.5 3.17 2.06 1.09 0.58 0.42
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Tab. 6 Longitudinal force on ships

v/ F%/kN
TH ,]
(m*s™) wT=1.2 WT=1.3 WT=1.5 W/T=2.0 W/T=2.5
1 1.0 20.70  16.30  9.21 5.81 421
2 1.5  46.65 35.8 19.81 11.66  8.96
320  89.90 66.22 3280 19.03  13.97
4 2.5 168.73 109.61 58.20  30.59  22.23
5 3.0 399.24 205.50 81.41  49.26  29.40
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