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Saltwater prevention effect of air curtain in estuarine ship lock
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Abstract: To analyze the effect of mitigating salt instrusion of the air curtain of the estuarine ship lock under
low concentration salt water conditions under different inlet pressures and the salinity of the lock chamber, a
two-dimensional model of the air curtain for mitigating salt instrusion of the ship lock is established based on the
VOF multiphase flow model and the Realizable k-&£ turbulence model of CFD software. The three-phase flow
simulation of the air curtain for mitigating salt instrusion process under different inlet pressures and salinity of the
estuarine lock is carried out. The simulation results show that the effect of mitigating salt instrusion of the ship lock
air curtain is related to the inlet pressure of the bubble curtain. When the water level is 8 m and the salinity of the
lock chamber is 2. 5 %o, there is an optimal inlet pressure that maximizes the effect of mitigating salt instrusion of
the ship lock air curtain; When the inlet pressure is closer to the optimal inlet pressure, the exchange rate of
saltwater and freshwater is lower, the mitigating salt instrusion coefficient of the air curtain is larger, and the effect of
mitigating salt instrusion of the air curtain is better. The optimal inlet pressure is related to the salinity of the
chamber, and the higher the salinity of the chamber, the greater the optimal inlet pressure of the air curtain. When
the salinity of the lock chamber increases, the inlet pressure should be increased in time to achieve a reasonable
effect of mitigating salt instrusion.
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Fig.2 Local refinement of grid at the air curtain
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Fig.3 Comparison of horizontal velocity experiment at

specified section and simulation results
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freshwater side under different air intake conditions

2 MRESEBMEHAR
2.1 E AR IR SR B A RS A A
R il s T 6 8 W ek s T
B Lt L TE () — 4B (A A, X i) 28 B 151 i
ERER K AR AT AR AL, T AR IR AL T4
MR K, &bl K] 3 J b 2 b i B T
Webhg, HH R 0 RZ98 L 10 km, 75455 ) J5
BRI E LA S, MK 281.0m, #23.6m; [HH
£ 66.5m, & 13.9 m; L5IIIEK 502.0 m, &
13.9 m, FHAEMTITEKER 8.0 m, WEELEN
2. 5%o, L e AN S K, BB IR
Ko SHALT LM 3.5 m &b, 4050 3 4
SN, SALTEE R 2 mm,, BEALEEACR 2,

FPEIEZE MIA% , IR X EhK AR 1) 2 ZA/E R -
Ui AT BOR A5 B RS R AT 2, A 19 R i
/ANETEE 2 mm, fe/NEFAUR 1,38 em®, Sy A
$M%Eﬁwmﬁﬁﬁﬁa6m TR Y J
AR TR, AL ETIAL, TEH
Fﬁmm SR SR TR B T SRR S ) K T 5
80 kPa J5, IEA O LAt <, Mk EE
iKF 150 kPa I, S XHAEAREAT I SRS, Fr
DU RS ia 17 40 F #ok iz shsdt, R —
A QIR LR N s i 7 N [ s WA T 1% 0 ol S
AR SRS FEBI ST, AT e il K R 8.0 m
FITE AW I8 ) 3 B (S = 2. 5%0) 51T, SR
584 80~ 150 kPa Ji Bl Y HERT BUBCR . BRI
THULER 1, B TR AR RIS
1 SEMASEHSERITEIR

Tab.1 Calculation conditions of air curtain inlet pressure
in Youth Ship Lock

T 81 %0 FE 3 /kPa KGEm RS
1 2.5 0
2 2.5 80
3 2.5 85
4 2.5 90
5 2.5 95
6 2.5 100
7 2.5 150
8 5.0 0
9 5.0 80
10 5.0 85
11 5.0 90
12 5.0 100 8.0 3 000
13 7.5 0
14 7.5 80
15 7.5 85
16 7.5 90
17 7.5 100
18 10.0 0
19 10.0 80

20 10.0 85

21 10.0 90

22 10.0 100
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Fig. 11 Relationship between salinity of lock chamber and
mitigating salt instrusion coefficient of air curtain under [1] JAE, X3, 3SR, 25, 42 T g W1 2 SRV ] 11k 7k A

different inlet pressure conditions

) % 3 5 e AR E R SR AY S AR WL 12,
BRI, 7E TOLE I, s de LR U 5t 1]
FERFERIE L, YA Eh BN, W R i e
REE SR S DUAR TS B ORI AE 52 P
1BAT T BRI T P 3 B 2 R R R R R i
11, MIME 3G LAY BESZECR

105 -

o0 R R
— WALk
100 |
<
& 95t .
EE y=0.2x*+0.1x+78.75
e O
)
Finy
£§ 85 |
80
75 L " 1 . L , L ) ,

ERIE %0

E12 WEHESREHSEENXER
Fig. 12 Relationship between salinity of lock chamber and
optimal inlet pressure
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