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Abstract: To address the issue of the formation of connected funnel vortices in the upper approach channel
during the ship lock inlet filling process, which adversely affects the inlet and chamber water delivery conditions
and deteriorates valve operation, a three-dimensional numerical simulation of the ship lock’s water intake process is
conducted using the RNG (renormalization group) k-e& turbulence model. The study focuses on the hydraulic
characteristics, including flow velocity and vortex evolution at the ship lock inlet. The results indicate that when the
inflow area of the top grid at the inlet is 139. 8 m’, the maximum surface flow velocity during the inflow process is
1.6 m/s, and a distinct interconnected funnel vortex is formed at the inlet. When the inlet flow area is increased by
26. 95%, the maximum surface flow velocity decreases by 6. 25%, effectively slowing the formation of connected
funnel vortices at the inlet. When the inlet flow area is increased by 39. 86%, the maximum surface flow velocity

decreases by 12. 5%, and no significant vortex connection occurs at the inlet. By increasing the total net width of the
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inlet at the lock head side pier and further expanding inflow area of the top grille, the flow pattern can be effectively

stabilized, the flow velocity reduced, and the formation of connected funnel vortices slowed. This reduces the

operating load on the valves and thereby improves the water delivery efficiency of the ship lock.

Keywords: ship lock; inflow mode; optimal layout; hydraulic characteristics; numerical simulation; inlet
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Fig.1 Three-dimensional model of ship lock water delivery system
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Tab.1 Grid size combinations for grid sensitivity analysis
s R /m

P b 4 A Y preea iz o A% TR
F ik 0.50 0.50 0.50
HE O RS 0.25 0.25 0.25

1 IEA 7K g 15 0.50 0.50 0. 50 %y 600 Jj 4> 1d

IX AR 0.50 0.50 0.50
I 2 1 K B 0. 50 0.50 0. 50
AN 0. 50 0.50 0.25
HE O RS 0.25 0. 125~0. 500 0.25

2 s KRR IE 0.25 0.25 0.25 292000 54 4 d 10 min
X35 TAERT] 0.25 0.25 0.25
I 2 4 Kk B 0.25 0.25 0.25
XN 0. 50 0. 50 0.25
HE O RS 0.25 0. 125~0. 500 0.25

3 s i 7K JBR T 0.25 0.25 0.25 #52700 54~ 7.d 10 min
X35 TAERT] 0.125 0.125 0.125
I = 7K B 0.125 0.125 0.125
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Tab.2 Hydraulic characteristic values of water filling and
discharge in the water delivery system under
each grid combination

Mg HE H,/m H,/m t,/s Tis  Qun/(m*-s™)

1 10. 63 2.33 300 450 336
2 10. 63 2.33 300 475 314
3 10. 63 2.33 300 470 320
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Fig.2 Hydraulic characteristic curves under

different grid combinations
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Fig. 4 Comparison of flow patterns at the central
plane of the side branch holes at the moment of
maximum water delivery flow rate (=215 s)
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Fig. 5 Boundary condition settings of the three-dimensional

mathematical model of ship lock water delivery system
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Tab.3 Calculation results of inlet schemes
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Fig. 6 Top grille inlet above the sill for Scheme 1
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