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Fig.1 Diagram of the general pools for the double vertical slot fishway
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Fig.3 Flow structures in pools of different length-to-width ratios

HIPE 3 n] DL, Kk 58 HEB /N, B 20
AT /KL P, 45 4 1) B e , A 40 5 B K it
KT, i R W5, HEMEBR. A
T PR A AR, T 4 5 T 4
PR 58 LU AR PF TR 2R 3 G0kt Hh B ER MN 4k
AR, S i TR S8 H 25 AF T 256 3 21
JK L TR R MIN A 1 303 R /N3 A, e U o
B MN L ) 2% A5 B, Uy Ay 8 4 T T ) -F

P4 W1, oK it r 1) A 3T 5 R i X PR O3 A
A Sk 227 15 1800 9 3l , 2 0 5 Sk 35278 18]
), B TE RN A L oA B K
INUE e NRE ST B U R p S Y QUL HCTETS B S
YLkt L+ B<S @ 8 I, TR FAAE—E B, [0l
25 S N e SO L1 QG 1 PR B S 4
Lt B=575: 8, il Eim Bt ie i, Fid A a

0.102030405060.70809 1

(c)L:B=5.5:8

01020304050.6070.809 1 1112

010203040506072808 1 1.1 £10203040506070809 1

(d)L:B=5.75:8 (e)L B=6 8
[ T

010.203040506070809 1 1112

(h)L:B=8:8

(i)L:B=9:8

FHAL S, 19197 X 0 A3 KM ; 25 L - B=6.5 8
I, 6 KT8 LI O, B A R R, R
BARH ISR AL, [ DX oA T oK i

(e) (d)
4 HEEMNLRESHRE
Fig.4 Vector diagram at section MN



58 ERPES X AEASFEFX 2016 £ 7 A
N B, WM R ARG M. C Sl y = B2
——-IB5 7Sy ——LEG8  —— L5633 BRI (L ( C 5 B 1 8l ) s 3 e 8 (C 4

- :B=T7:8

0.2 0.4 0.6 0.8 1.0
v,/B

B S5 AEKEE TH#EEZ% MN LHiRERNM 7

Fig.5 Velocity distribution at line MN of different

length-to-width ratios

K5 A, BEA 108 U O, 5 I I e K
ApA, KRR y = B/2 4RSSl UL BER K T HE

IERAR SN , 735 U/ U AR 3 A
5 32 I R K I ) B A, DT A P R 3 O 48
TRSRIEZ, Hrp Uy BCA, A, PR AT 241E

ANTEIH B8 BT 7K v TR i 3 3t s R
L1,

ML B=5.75: 8 I, FiE KK 98 Lok,
UJU, Bk 24 L: B=6.5: 8 B, (U/U,) x
100% =56. 1% , i3 Fi i 2 2k 3 i dee it i
f—2k . BN 56. 1% Sy ) 3] 3 i 1518 18 2 A
FEMH A : U/U, A8, D P I i B R
BOAREN s /INT AR, AR F i & R B (TS
PREF T —E M M B AN RS

®1 ARKEERTKBHERRESEREKXRELLE

Tab.1 Ratio of velocity at center of pool to maximum flow with different length to width ratios

L:B 4:8 5:8 5.5:8 5.75:8

6:38 6.5:8 7:8 8:8 9:8

U:/U, -0.323 -0.326 -0.265 0.191

0.283 0.561 0.765 0.893 0.948

T R S R I% Ry ) .
Note; Minus sign indicates the water flows to the upstream.
WA 3R oA AR R S AT B
TR SR ZURE NG B0 LA e D3 XA 8 2041 1 O, 7T LLRE
ANTRZK A 58 T 7K b A IR 5 A5 R R B T 3

%

B4 L B<5.5 1 8 ), K3 3 7K il
] 7% Y55 28 DA 1T T P e 32 0, 2 AT GRS T
FU A IMInES A BRI EABIR . Wk
S BT B A A R A BT AE X, 32 3 7 T 1
AR R X, R AR G5 H WL 2 (a) L (b)) |
(¢)o

B2 2.2 5.75:8<L: B<6.5: 8 i, FEH K
th A TE B R, R S A ) O e R R T K R AR
—EFEEBIR o TE/K My b [a] B i = 3 1] 1Y e
X2 S5 He, WO U /0N 14 10 3t DX 3 A1 7 B Al 5
(9 =R DA, 2 3 PR [ s DX R, SR 7K Gt 45 44
WE2(d) ((e) (),

32047 :8<L: B<9: 8 i, il Bk
W AR A0 BRI 5B o [R50 A T B
R0 = DX P L B 3= 3k A, S8 7 3t 435 4 L 1]
2(g) .(h) (i),

2.2 FREEXRENIEL

T it KM N E RO, B 6 4

T R X AR PR I 2 K AN

[ R AL A Fre R AEL P 2K

——]:B=4:8 == R=5:8 — L:B=5.5:8
——-]:B=5.758 —«— L:B=6:8 —— [:B=6.5:8
e [ B=T-8 —— L:B=8:8 - [:B=9:8

1.0

0.2 0.4 0.6 0.8 1.0
x/1.

E6 TRREKXMEHLEL
Fig.6 Flow track of the maximum velocity

along the pools

2 2% U I R 8 I3 H A B X R A, R

TEZK L TP B % 55 14750, A 7K 2 B i e 4

NRIENL KR B FLA/NI, R 2 LT 2

— R EER B K T LG Wi O, i A e R
K, ERCRAR I I . ARIEIE 6 %, il LLE4S

HH 5 A L O e R R AR A« TR VR A R TR B

BS54 N L1 N QL SRV 8 N = R K T

KA TEEE Y K 5 LA 7 &1 8,

szin{%} (0<x,<L,i=1,2,n) (6)



2016 % 4 # BB UM B R & A R A 59
1.5
0.6 1.2F M
0.4 09F
eI i 0.6}
02 F
I 03
0 f 1 1 1 0

L
0.2 0.4 0.6 0.8 1.0 1.2
L:B

7 BRAERPITLER /N EEE
Fig.7 Minimum distance of the maximum

velocity track

Ax; Ay,
=3 [ (B 12 ()

K5 L BERAMK,IES L BERIE
FHSR o KRN 2 W] B R 9L ) o /) T 3
i e R B R, 5 R T U TR K R T A M
Ko 763 RAFRAEEH T, KES T/ X
[ PR F S e, DR n] DK K AT 1 {ELAR S XU
e 51T R A DX 3 3 2N R 37 45 4 14 )
BIbRIE

0?2 074 0.6 0I.8 1..0 1.2
L:B
8 BERIRREKELENE
Fig.8 Dimensionless parameter I of the length of
the maximum velocity track

2.3 RRERMEFGETHLME

X R A A I R A A S e TR E fRE
PRI RERLCR , — MBI\ DAy 32 I I 3 7 e e A3 A
TP A T2, B9 4 T R il 2
AR AR AL (U N e R E R 2 B 45 /U
B, Uy N REEEWTTHEF- 230 ), b 7K e A5 ) )
FFEA XS BRI, HXS L A B U AR A ]
BEIE O &5 A IR LR E A% m A U E R A A
FEWBIELR S I R E AR, 2 il TR
GRS A N R TR B U G NS =

U/,

—_— e e [:B=5.75'8

0.5 1.0 0.5 1.0
w/L x/L

B9 mRATIRITLGRMETUNE
Fig.9 Maximum velocity distribution along the pools
R2 BRAXETRMERZRARBEE

Tab.2 Decay rate of maximum velocity

L:B 4:8 5:8 5.5:8

5.75:8

6:8 6.5:8 7:8 8§:8 9:8

I-min(U/Uy )/ % 26.6 37.2 47.0 58.3

55.5 58.2 58.5 61.9 64.7

ML B<5.5: 8 W, i E TR S,
1E /L =0. 8 MR B B/ ML, BiS 3 F S48 2 0
T SIHE R, B I T8 LIS IR T T e T Dl R,
S, BRI R R AR X ] 26. 6% ~
47% ;245.75 : 8<L : B<6.5 : 8 i}, 58 L X i
piSER ey AN A UL S NE LT R/ B SN =3
VR A 55.5% ~58.3% ;24 L : B=T : 8 Bf, #E/Kith
VI BE 3L L 44 2398/ 78 2/L =0. 35 ~ 0.5 1
FEL A, 32370 D3 PR 20k B I Y0 PR 3 S0/

T/ L = 0. 8 R 51 d5e /ML, fe K 35 3 0k fie Ko
RNy 58.5% ~64.7% o s3HrRWI 1L 1 Kifi
SRR T LU A AR X T2 Y I T e R DR W
RAER 2.3 Fmai i K58 HL i esoae Xt i
I N
2.4 ZEEMTERES 5 R FHRE

B3 T LK B4 7K S AL A1, ek A IR T ALk )R
RN oA e o3 KRB K J1 26 bn o BF5E K
B, AR T8 LE T, " 5% W T I R/ A R A



60 E37T%hE 4

2016 4 7 A

EABFRARRITE , A 25t MR K K 58 LT
M A AT T ) 3 R/ N A LA, DL 10

AFEKH K FE L, 72 0. 2 <b,/b<0. 93 [X [A]
WAL 8 5 BT T8 g S R AN, U/ Uy o A 0,79 ~
1.10 XA N 7E b,/b<0. 17 5% 0. 93 <b./b [X 8] P4,
U,/ Uy th A 8] ] A 2 J8si s o SV b 583 Al —
MR R, HASEA RN, 5 3 P Al — 0] s 2 gt
AN TR AR A AR S2 . R Rl — A RS T, K
A TE EE Lo B (R AR X U5 A R T 9 3 Ao A R A
U,/ Uy SEMAEIN

RIS AR 0 =pbH/28JL (8)

K, 0 A, e A RE, b ARV,
H R EERTIKER , J R EES R, L o oKk K
-3

1.2

0.8 5
s
=i -
5

Dk —.—.L:B=5:8 L:B=5.5:8

L B=6.58 =mam=== L:B=T38
0 L L L L
0.2 0.4 0.6 0.8 1.0
B, /b

E 10 BB TREMEREXRNDTE
Fig. 10 Velocity distribution in vertical slot

with different length-to-width ratios
AHIFER I, AR TE LA T, i i 2 L
@ BUEI LY 0. 785, DL 11, %485 5200 45 2R W)
B DU E A A T SRR A BT DL

L KR TE B B R R XA s 5 X e AR AR
SO EL

1.0

0.8 —voter—o 2 o+ o
0.6

S
0.4
0.2F
0 1 1 1 1 1
0.2 0.4 0.6 0.8 1.0 1.2
LB

11 AEKEKELTEERERY
Fig.11 Discharge coefficient of fishway with
different length-to-width ratios
2.5 BfuKkiHRER
I Y Larinier 5% 18 4% 2 £6 38 1) T Re &40
P IRAWITE, 45 0 1 4% Gk it 9 A B0 7K FA T g
R EANEKT 150 ~200 W/m’ [ 4d13 ( Larinier M et
al ,2002 ) , K 7 0 AW 58 2 80T 1Y 562 7K 1438 g
RPATER, AR IR 3. BAKIRIE BRI A
EWoR
pbUs
T2B(L-d)¢’ ®)
A,p =1000 kg/m’, b REEERIERL, Uy K
S WT IV YU, L O BRI B, d g PR AR R
JER 0.2 m, o itk R A 0. 785
SRZAS RN, AT R ) 45 AT 2 4
ZAER B ALK A RE R A 2R, HOAH AR
WFFE AN ] 0 AR R PR A BRI P 2R

3 RREIKbK 5 T Ak L

Tab.3 Energy dissipation ratio of per unit weight of water in pools with different length to width ratio

L:B 4:8 5:8 5.5:8 5.75:8 6:8 6.5:8 7:8 8:8 9:8
E/W+m™3 24 31 31.5 32 33 33 32 38 40
3 B RFEAT , U RE I R I A A, R X 2 5 A
ZnTe

30 320 X R 1% 5 X £ TE K ) R PRI, A5 R DA
TE5e:

(1) 7K A T L T80 T8 7K 3t P 9 3 37 45+  A
A WEFLW, LEAFK A T8 L A5 1F T, B K
WAFTE 3 R LAY 4548, FE TR 2R | F 0
W RE L PR LA S 1 3 X 4 A 2 7K ) 28R S AN
[],3 i 2 B3 37 6 g K WA B B 43 ) g4 s 8 ~
5.5:85.75:8~6.5:87:8~9:8;

(2)7E5.75 : 8<L: B<6.5: 8 LT, ALl
Mt 2 XA T 2 3 DX 9 BE A R AR, K s ) A T4

FERMAMERNE o FIZA N RBON S B RK
i HEEUEL DX ], (H R 757 Ja T3 5 #2319 5 B
Yy Ry A it — 28 (0 1 AR B

AR5, 15T, Alan Ewine,2008. 571 4% 5 £ 18 7K 71 F544
FO BRI FE [ ] K H A L 2a 4,27 (6) 1126 — 130.

TR FEBE, 1982, K TBEHFME: 6 -tk 5 35T
[ M. e KA 7 Rt

T, 1989, N-S J7 A (9 KA A M ZR AR TR [ M. g o 9
TR A H AL 50 - 57.

FFy,ZF B GE,2009. I T RNG J7 32 ) dim U A R0 AR (A8



2016 % 4 B

B84 N e 4 X 3 K SR AT R 61

BRSBTS [ ] A4, 40 (11) - 1386 —
1391.

WA R AR 420, 78 ] K B8 U Bl ot o R o 43, 2009, 4
B S R I I M. J st o EE Ol H AR
75 -76.

A5G , Ve oKk BT, 1996. TR it AL AL 21 | A% $4 2 A% Tt ) i (R A
FALM . LT op KR K L At -6 - 12.

A A, R 3CAL, 2004 J7 FESR I 9 RNG J7 IS
[T RS2k 5E 5 k)i 19 (34 1)) 1916 - 920.

TRIRIS , FNUURE, 2009. e 4 5 A T8 7K S 25 1) O B AU LT
JKFF4R,40(11) . 1386 - 1391.

g [ i, FNIUR}, 2012, e 4% 5 7 X 8 4% 571 3 K O 205 ) 7D 52
Wi L) 1. Ky ke R aAal 31 (1) (152 ~ 156.

Fuijihara Masayuki, Fukushima Tadao, Tachibana Kazuko,2003.
Numerical investigation of flow in vertical single-and doub-
le-slotfishways|[ J ]. Trans of JSIDRE, (223) .79 - 88.

Katopodis C, Rajaratnam N, Wu S, et al,1997. Denil fishways
of varying geometry[ J]. Journal of Hydraulic Engineering,
123(7) :624 - 631.

Laurent Tarrade , Alain Texier, Laurent David,et al,2008. Topol-
ogies and measurements of turbulence flow in vertical slot
fishways[ J] . Hydrobiologia,609 :177 — 188.

Larinier M, Travade F, Porcher J P,2002. Fishways: biological
basis, design criteria and monitoring [ C ]. Bull. Fr. Peche
Piscic,364 (SI) :208.

Liu Minnan, Nallamuthu R, David Z Zhu,2006. Mean flow and
turbulence structure in vertical slot fishway[J]. Journal of
Hydraulics Engineering,132(8) :765 —777.

Nallamuthu Rajaratnam, Gary Van der Vinne, Christos Katopo-
dis, 1986. Hydraulics of vertical slot fishways [ J]. Journal
of Hydraulic Engineering,112(10) : 909 —927.

Rajaratnam N, Katoppodis C, Solanki S,1992. New designs for
vertical slot fishways [ J]. Journal of CivilEngineering, 19
402 -414.

Wu S, Rajaratnam N, Katopodis C, 1999. Structure of flow in
vertical slot fishway [ J]. Journal of Hydraulic Engineering,
125(4) ;351 -360.

(TTAE% i RIRR)



62 %3745 % 4 KA A FEREXR 2016 £ 7 A

Hydraulic Characteristics and Flow Structure in A Double Vertical Slot Fishway
LV Qiang, SUN Shuang-ke, BIAN Yong-huan

(State Key Laboratory of Simulation and Regulation of Water Cycle in River Basin, China Institute of
Water Resources and Hydropower Research, Beijing 100038, P. R. China)

Abstract; The double vertical slot fishway, one of the basic types of vertical slot fishways, provides for double si-
ded migration and is appropriate for large numbers of migrating fish. However, research on double vertical slot fish-
ways has rarely been reported in China. In this study, a three dimensional numerical simulation model was used to
investigate the flow structure and hydraulic parameters of the double vertical slot fishway with various pool-aspect ra-
tios (the ratio of fishway length to width). The results provide a technical reference for the design of double vertical
slot fishways. Based on previous research on single vertical slot fishways, several basic parameters for the double
vertical slot fishway model were selected; upstream lateral baffle slope, 45°; lateral baffle length, 0.25B and slot
width, 0. 15B; where B is pool width. In the numerical model, the inflow and outflow boundaries were both set at
a hydrostatic pressure of 2 meters, the top boundary was set at atmospheric pressure (1.01 x 10°Pa) and all other
boundaries were set as walls. The flow structure and hydraulic parameters of the general pools were then calculated
using different length-to-width ratios (4 : 8,5:8,5.5:8,5.75:8,6:8,6.5:8,7:8,8:8,9:8). Re-
sults show that there are three typical flow structures in the pool, with different mainstream curves, velocity attenua-
tion curves and recirculation area sizes. The three typical flow structures correspond to three ranges of length-to-
width ratio (4 : 8 -5.5:8,5.75:8-6.5:8,7:8-9:8). With increasing length-to-width ratio, the length
and attenuation rate of the mainstream increased, while the distance between the two mainstreams decreased. The
recirculation zones between mainstreams decreased correspondingly and the size of the recirculation region outside
the mainstreams increased. The flow structure most appropriate in the pools occurs at a length-to-width ratio in the
range 5.75 —6.5 : 8. When the width of the mainstreams is relatively wide, the pools can be more fully utilized
because mainstream velocity drops off rapidly and recirculation zones form that help fish pass successfully.
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