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Hydraulic characteristics of vertical slot fishway and allowable maximum water depth
difference between inlet and outlet subject to insufficient inlet water depth
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Abstract: A quasi-integrated numerical model for the vertical slot fishway was established to investigate the allowable maximum water
depth difference between the fishway inlet and outlet, particularly when the fishway is subject to insufficient inlet water depth. The
mathematical model was used to numerically simulate the flow velocity, flow pattern and water surface line along the fishway. The
results suggest that when the water depth at the inlet is insufficient, the water depth in the upstream section is consistent with that of the
outlet, and the flow velocity is stable. The water depth in the middle section begins to drop slowly, and the flow velocity gradually
increases. The water depth in the downstream section decreases sharply, and the flow velocity increases rapidly. There is a drop at the
inlet and the maximum flow velocity is observed. It indicates that the outlet depth has a linear relationship with the allowable maximum
water depth difference between inlet and outlet, i. e., the greater the outlet depth, the greater the allowable maximum water depth
difference between inlet and outlet. The results also demonstrate that there is a linear relationship between the fishway slope and the
allowable maximum water depth difference between inlet and outlet, which is that a steeper slope corresponds with a smaller the
allowable maximum water depth difference between inlet and outlet.

Key words: vertical slot fishway; water depth difference; water level variation; water surface line; hydraulic characteristics;
integrated model
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Fig.1 Schematic diagram of fishway layout
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Table 1 Verification cases for the mathematical model
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Fig.2 Schematic diagram of unstructured mesh
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Fig.4 Comparison of flow field in the fishway pool
=1 S22 ke AT 111 54 925 Yo s
TTIEJT/ETE f@.éﬁéﬁﬁ?‘ﬁﬂj 4 1 2 I XS B LR 2, 2 BERERRESEET
A DRSS (EFSHMEM S8, DAL 3 i), ZKIfM 33 Table 2 Comparison of experimental and
S EF] 2 S E A R, = KR 3.00m FREE modeled vertical slot velocity
BERZE 2,37 w/s, MUBLSE R B R 5 AR I TR RERT e —
103 m/sij(@ 2. 32 WS,*%TH‘I/%%% 1 64% o 2 1.00 1.21 1.17
IICTHT 2 1 2 A T 18 e i Tk 4 SR R A A AU S 4 T®H1 S 1.10 1.16 112
BB WAL S P AR H I SRR D451 L0 Lo 0w
1 1.10 1.79 1.76
2 ERERSHH L
17 1.90 1.15 1.14
2.1 fBEBERKkHESYE 45 2.23 1.02 1.01
i3 1 WK 128 e 2 R A K IR 1 20 S SO
,ﬂi&o E%{ﬁh‘uiﬁ%ﬂ%ﬁ@%ﬁ‘é@ﬁiml_@ﬁE‘J?é’%ﬁ,%ﬁ%ﬂ? T3 14 2.50 1.36 1.35
7K THT 2 R85 A 7 S P A A A, AL T R KR 3 33 3.00 1.05 1.03

2.3 m AT KRS 1. 0m( LA 4) 1.8 m( AL 5) Fl 2. 2m( L 6)3 Fh L0 i 1t =8 A /K 4644
2.1.1 R&\ZL

T 4.5 .6 IKTLAFKEITFEARAINIE 5 B, B S (a) FTAL 3 KRR R I K 2 #2281k
A 53R 3 B LR BOK T 2 R AT I FEASA T 5 B BOK IR IF IR 2218 F 9% N UiF BOK RIS/ ) | e i i
0 T AAAR I 2 K R ZE AR, K TR R BERG TR UK . A T60 5 SR, b i B R R B8 a0F 11T 1A 100 m LASMIX.
B, B A KRS A0 K IR — B0 4ERFTE 2.3 m A2 A BOA BE RS E 11T 40 ~ 100 m 1 [ X, Bt
KRN 2.3 m B2 FEZE 2. 1 m, 743K 60 m {9 £ T8 1 [l K ER 2200 0.2 my B IEB: Ay I B 0 11 1] Al
40 m DA IX I, I BOM S KR 2. 1 m [ 1.8 m, 7E 40 m A FA38 15 [ N K IR 223K 0. 3 m, K I BER, N LT



52 1 B, R DK R S 4 5 B K T R Rk 1 11 SRV IR RO IR 22 103

R R T B BUR 1 2 T8 U8B e, BELAS (28 ]

BeAh, I 5 (b) W LIA B BOKIRAE O Wil gl , T00 4 IR LK IRAS 2 | KRS A Tt %
TP KB T H A8 K ) 2904 130 m, T8 5 AL 6 7K TR 0 A 1t 28 1 B8 FE 24 23531 2 100 m il
40 m, AT DLAE Y E K ERIEBOR , KGR A Tt 28 4 BV F O, kB i %

ATH4 oTHs oLBle

TWE&I W%E&I HRRi35 . TUEB: iR i
4266 1 ' ! syl g |
4264 1
E 4202 ¢
% 4260
4258 F
4256 e . . oA
0 30 60 90 120 150 180 210 240 270 0 30 60 90 120 150 180 210 240 270
HES/m BES/m
(a) 7KLk (b) KK
E5 &EKEZMKREGETNK
Fig.5 Changes of water surface line and water depth along the fishway
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