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Fig. 1 The original design layout of open diversion channel and computational grid
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Fig.4 Passable scope of original design open diversion channel
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Fig.5 Navigable scope of optimum open diversion channel
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Fig.6  Open diversion channels bottom elevation
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Tab.2 Impassable scopes statistics for all designs of open diversion channel

Wi/ (m®-sT) L¥ES PIT%E | wES iwEIl
3 000 +15 ~-310 -182 ~-310 -186 ~ -300 /
3500 +50 ~ =310 -120 ~-310 -170 ~-310 /

4 000 +84 ~ =310 +19 ~-310 -144 ~ =311 -158 ~-310
4500 +108 ~ =310 +26 ~ =310 -121 ~ =300 -138 ~-310
5 000 +145 ~ =310 +38 ~ =310 0 ~-310 +28 ~ =310
6 000 +352 ~ =310 +348 ~ =310 +316 ~ =310 +75 ~ =310

T OFR P BUEIIEMZ N Z A, =" s By o BB, +7 R T e s ] AR, B m; QBEHITBER R AMTIX ST R A 26 m AY3ELE T
PR @ FALX AR FALX (R ) di38 1 R AR ~ LEREZ-A EAT .

A i 1 g R 2B AR EN 0<3 000 m*/s. BARTE Q=345 m®/s P& i 2= vk
DX BOKERA R 2.0 m, {H IR DXL FE MR A6 2 25K 5 38 IR BGE ML 3 0 Q=3 500 ~5 000 m*/s, 2 9Bt
LT 0>5 000 m*/s. 5T RZA L, oAb rZE T B9 A0S 528 £ 1 A B, B4 1 3040 4 BE i i
AR BE | 0 R A0 DX AR [l S 4 0. & Q=4 000 m’/s MM BE T 394 m 4545 %) 329 m, (& FF 65 m; Q=4
500 m*/s WP BLH 418 m 4645 E] 336 m, [V B #4582 m;Q=5 000 m’/s B iFfii Bt 455 m 45 %) 348 m,
N EFS 107 mo AFAEA R T 0>3 000 m’/s B, 323k IXATS R e B YEAT, 0>5 000 m’/s B, B &
ZEMTE R 1]

AL T I TRE AATIR RN 0<3 000 m’/s, #Rr RBLEE MU E A Q=3 500 ~5 000 m’/s, @I E fig
ML Q>6 000 m*/s. S0 T AL, 1% 07 S8 08 Z A0 T /K THRR R N, 38 380 s/ 0, 3 i DX 3
FEIBE . RS2 Q=3 500 ~5 000 m’/s B GE ML XK A 40 ~75 m. (HIZ 7 RAEF & Q>3 000 m’/s B, 3k
DXATS Ay A S SERHIL, BB Q>6 000 m’/s I, A Y B

AL R MR (B 7) B, K XA F 3 Sk LT 22 00 B 38R Be A 0], At 28 B 3T 37 1 AR AIK
(D ARFEERT (Q<1 000 m’/s) , B3 4 B R R /N T 2. 8 m/s, KT FL R /N T 3%0, Hi it (Q =
345 m’/s) i, ZBOKIE KT 2.6 m AT 2B AAGLE; (2) Q=3 000 ~3 500 m’/s Af, B SR 7E I B aF 11 BE
e BEAT MAEAE SRR EE BT, 5 A X A A B 53, B LSBT 19. 6 m, AN AT 2B A TGt 4
(3)Q=4000 ~4 500 m’/s B, 7F BB 11 B A2 M A B A A7 A =3 i A A A DX, HRaf e S8 K 1 20 m, i85t
DX AT T, (ELE T BT XA A5 A R 1 A 9 AN 2, B X IR — 158 ~ =310 m A1-138 ~ 310 m, B A fig
F Al i B 5 (4) Q=5 000 m’ /s I, BH I o B A 00 () RS- XS BT S, 22003 A 56 AS 2 56
19,6 m, ASIAAAE E AT, AR X A +28 ~ =310 m;(5) 0>6 000 m*/s I, B4 b BE A I A R IX 5
PSR X i — F, ELBEE W hn , JE I K, 0 =6 000 m’/s B, A0 AT A AL RI UL T 775 m, BIAS AL
X H+75 ~ =310 m.



5 3 1 Wb, 45 ST A W 0 A 28 A AL 065

FELR: 9 30 60m
20m/s

K7 SRR D5 58 MR 73 A

Fig. 7  Velocity distribution of optinum design Il of open diversion channel

AL, A7 2 A B H AU AR F) 3 500 m’/s, H B U A 4 48 BOK IR I 2 0 B R ; [ PR Q =
4000 ~6 000 m*/s MHITIR 5 48 1 42 SR B AT 036 S s 43 Y Bl A, A 4K B 4 A 3] 152 ~ 340 m, T A A0
P FARBIIEILTT 25 ~75 m, AN AL A 70 BB T 2 5515 - I 2 BT 1) B A I S 2 1

FRE— 2D X BRSO K A PRI GE C 280, B TR S A, i DGl A 2% 140 A TR i 25
Fodg AL o T W R &R
4 % &

(1) SRS 7K TR 1) — 4 BREATT IR S T S VT AR S AR 40 3 3 W Sk ki i T T 2/ R
(R B S K A5 0 , o B SR W T 28 S A T T RIS . 32 vk AR 4L Ly DX Y] 36 R BH R ) B 300 SR 2%, g
20 M e TR SR )L, 3R BH AR SCR H B BUE 7 e ko IRl A A ) T2 ) SEn] 175

(2) M4 YT AR AR AL T A0 E T T 5 B R A bR v, 2 T 5 30 I 2 P 1 338 A0 DX, D43
BT IR E L

(3) HEAZ M) IR IO AE 8 T G387 B Sl AL 2% 1, $2 s T A o o, W DR T 2 4, IRl 1548 T 1
FEPETE, SO T TAREEE | AR SRR TR A0 & B B v T 4% 1.

& % X #.

(1] xWpeb, XUJ5SC, A0 Ak, 45, =k TR i IR ALK Ty 2R o oe ()], RICREBebedie, 1995(4) : 7-13. (LIU
Li-zhong, LIU Nai-yi, BO Lin, et al. Hydraulic model test on navigation condition in diversion channel of Three Gorges Project
[J]. Journal of Yangtze River Scientific Research Institute, 1995(4) : 7-13. (in Chinese) )

(2] BhoTiE, sefsss, VEIME. =k g DI Ll A e B0 SR 1], VTR EBEBEdR , 2000(3) : 1-4. (CHEN
Yuan-qing, SHI De-liang, WANG Shi-peng. Protrotype observation on navigation hydraulics in diversion channel of TGP during
construction period and its verification on model[ J]. Journal of Yangtze River Scientific Research Institute, 2000(3); 1-4.
(in Chinese) )

(3] TRERR, TEHEMS, XIF4e. =W T G T AR BB pE T 5 TR SRR (], K AL sAdf, 2002(3) : 45-53.
(NING Ting-jun, WANG Shi-peng, LIU Xiu-hua. Hydraulic experiment on navigation in diversion channel of TGP and
engineering practice[ J]. Journal of Hydroelectric Engineering, 2002(3) : 45-53. (in Chinese) )

(4] M, X8 %, ks, % ZREFEKTFEERFIEERIUFFT]. KPR, 2004(5) : 69-73. (YANG Zhong-

chao, DENG Jun, YANG Yong-quan, et al. Numerical simulation of multiple submerged jets on multilevel dicharged into



66 koOF ok B TR ¥ R 2009 49 H

plunge pool[ J]. Journal of Hydraulic Engineering, 2004 (5) : 69-73. (in Chinese) )

[5] &I, FEE, F 5. FRWEIKREE TR T]. WiE K= AREE) , 2005, 33(5) : 494-499.
(ZHAO Sheng-wei, MAO Ze-yu, LUO Sheng. Depth-averaged turbulence models for flow simulation at equal-width open-
channel junction[ J]. Journal of Hohai University ( Natural Sciences) , 2005, 33(5) ; 494-499. (in Chinese) )

[6] JANRRETT R D. Hydraulics research in mountain rivers[ C] // Proceedings of the International Conference on Channel Flow and
Catchment Runoff; Centennial of Manning’s Formula and Kuichling’s Rational Formula, Charlottesville VA University of
Virginia, 1989 599-608.

[7] SHIMIZU Y, YAMAGUCHI H, HAKURA T. Three-dimensional computation of flow and bed deformation[J]. Journal of
Hydraulic Engineering, 1990, 116 (9) . 1090-1109.

[8] WOJCIECH B, ALICJA M. Fluvial hydraulics of streams and mountain rivers with mobile bed[ C] // Proceedings of National
Conference on Hydraulic Engineering, New York: ASCE, 1994 767-771.

[9] Hiowl, 3, RLIL, =k TR S 80 B (8 92 50 = il ROCHER R [ 1], RITARMABeBi i, 2000(3) : 7-13.
( DAI Hui-chao, WANG Ling-ling, ZHU Hong-bing. Development of hydraulics numerical laboratory and its application in river
closure and diversion engineering of Three Gorges Project and key techniques[ J]. Journal of Yangtze River Scientific Research
Institute, 2000(3) ; 7-13. (in Chinese) )

[10] B, BocfR. =0 TR S i A B E SR s [ 1], K J &/, 2004 (7): 69-73. (DAI Hui-chao,
YANG Wen-jun. The research of the navigation and diversion in TGP channel and its numerical simulation[ J]. Water Power,
2004(7) ;: 69-73. (in Chinese) )

[11] 3¢ 2, BRSEAK, BRUIMR. R U IS DU R LA AR AR BB AT 28 [ 1], DR R 42441, 2004 (7) : 34-37.
(WEN Cen, CHEN Jing-qiu, CHEN Ming-dong. Numerical simulation on navigation condition of Nanjing Fourth Bridge on
Changjiang River[ J]. Journal of Chongqing Jianzhu University, 2004(7) ; 34-37. (in Chinese) )

Numerical simulation on navigation condition in open diversion channel of
Yingpan Hydro-junction Project in Wujiang River

YANG Zhong-chao, WEN Cen, XU Guang-xiang, CHEN Ming-dong, YANG Bin
(Key Laboratory of Inland Waterway Regulation Engineering of Ministry of Communications, Chongqing Jiaotong
University, Chongqging 400074, China)

Abstract: A Flow numerical model of the open diversion channel of the Yingpan Hydro-junction Project in the
Wujiang River is established By means of two-dimension finite element method, and flow conditions under a varietiy
of flux in open diversion channel are computed. Based on typical watercraft in the Wujiang River, the combined
standard between velocity and water surface gradients under which watercraft can be steered by itself power is
confirmed. The navigable scope under many variety of flux in open diversion channel is plated according to the
standard. Using complex Section method, three optimizing designs are researched and the optimum section is
achieved, and the velocity and water surface gradients in open diversion channel are redistributed, and thereby the

navigation condition is improved, the navigation flow is increased and the navigation safetyis ensured.

Key words: open diversion channel; navigation condition; numerical simulation; velocity distribution



