BALEFH M
202349 A

KobofE WOR %

Water Resources and Power

DOI:10. 20040/ j. cnki. 1000-7709. 2023. 20222149

7N 5] st 42 25 52 o 325 St S 0 A B e 3 B S I 4 A

e B BLAWLHEFLBRA

Vol. 41 No. 9
Sep. 2023

A, R KREARRMZERE, =/ BY 6502015 2. RUILZLHKFKE TRETENARAR. Z/ BW 650020

WE: st T mstdmd A8 Tl 2L T Hn&E AR T IRKR A2 LT 48 % LA 4 %R
PR RSN TR, BE BRSBTS A R e, BREN,
THRAARERAT O — R (3T AE 14505, THENAXNT EG L ZaadA. Ak Em 2,504
BEMBLEEE OB EEEGAREL 329 m/s B2 REHETE L 40 m(AKAEZ); TERAFZERAS
B (T A, FEARAARARAANFBMNEHE T OMESE QT HASD, RALLILFH &,
THER B EEEAETEAN 0. 19m/s. B KRB HEBRKE—0.467T m(EAFHEK), AT, TUAE

MR E TR E LM ARG FEHE L.

KEER . &k B Rk AT ERR; MR KARS

FESES: TVI35. 2 XEtRER: A

1 5l

i

0 v 4t T R RGBT S TR A AR X /N T
B2 I T R R Ak o DR S K i B
GOk . — % BE A A 5 DA 8] 152 O B
B, Al nl A O R P S50 A R B
DL K o 5 38 3] 3 A2 2% 17 BIR A T a0 200
TE 7% 25 N, 253 B O AT RE o ) £ 3ok ) R Y 00 R
VLT S IR S B LS B . 1A B AR K TR
5 A A R ] AR T, A T AT T
T AR TR ST T 2/3 #R 4 [T, 0 R RE L
2 (LW 5 TR R T A A AR A
M 7K I PR o S o 370 3, ELAE 5 IE HE AR 307 N A
I L 23 B 25 TE e A k. HAT. R TS IR
SN A MR GE O Y B — BE SR L TG T
P 00T 00t R B R O ) R R T ST D . X
A S M R G725 T O L 4 25 T K R A A B4 R A
JRECT 3 o B A 2 e 2 ] A R S
JEE A 25 T T T R I A A 1) T [ 3 AR
PR TR o 25 2R 3 T A A i R e O 388 [
li) 25 T R A0RS R 28 305 Sz 22 R ™ AR R A
AR T T W AR AR A . IR B AR S 0 Y B

Wi B HE: 2022-10-16. €@ HH#F: 2022-11-17
HEEWB: “MEEA ZFIHRITH

XEHE: 1000-7709(2023)09-0098-05

S R N BB O o T ) Gl R Y 8

2 HEEM

21 BEERIWET

B TR AR T 7K I D 45 T 00 R i 4t 1
S AR R BRIE I i =1/250 ROMIRE Bk i =
0 Y 78 % Bt (04 025. 000 ~ 0+ 045. 000) . JiE I
1/25 B9 1 A8 BE (04 045. 000~ 0-+075. 000)
LS BE(0+075. 000~0-+087. 660) , LA K i i
PPy 2 Beife 4 0 5 2 MR B R CTH BE B, A
i BCoR A WES S2 R (& 5. 74 m) L, 3T
R (P =3.33%)73. 79 m® /s, A 1 HE T5 7K 3k
3.66 m, IR A AR T W T, TR SR FH AR R Wi
(5E B=5m), WK 1.

BeE R R (18] 2) A by & LS HE 38 R 4K B
A Bl 36 30 Ry Bl B AR T Rk = Bl
WA 4% S PG B A I ) AT R g AR B
1 300X 10" 4~, WES 3¢ H #8 5k 3 77 i & K
25. 26 m., & 20. 20 m. & 15. 60 m ALK A , F
WO B R A i O BE T X FR LA UK
T ALR ] RNG k-e 2B, SOR H o R 1H 18

TEERAN: e 1997-) .58 o A= 52 05 Inl o T R2 K 12 . E-mail : 1970686523 @ qq. com
BIESE: 8 (1971, B, 842  WF 5 Uy 1n) b TR K J12% , E-mail : 13108854817@126. com



41 5 9 W

S0 <0 AR A0« A [ YA 2 T DX Vi AL S 0 SR U B4 T ) A

« 00

. 14.505°

30.000

12.660 |12 7.
2.713
=2

3 415]6]

EIRIET]

P st B

=] =l =4 §
{1y
EC I B % 3

1 HHEEFERETERE
Fig. 1 Schematic diagram of the spillway layout
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Fig. 2 Schematic diagram of the mathematical model

EiR M TruVOF %,
22 REFEMEIE

R HCAELASE DL A 1) ) 30 T R 2 AT 6 T 5 A
RVEFTXSLE L W 1, e 1l 9 B Bratk 11 Fff
HE(0+025. 000~0-+035. 000) . 52 ] Al B2 Jié ¥t 5
Wi, 25y AR G R 220 336 AL 3 4 ok sl 7 A TR L i
UM 5 10 6 45 2R B0 AH X R 22 R 6 00, (H LAY
TBCHAIN BR 22 AN I 500, RUIECA LR G
B Be A B UL T A5 O A 2K AL U A5 R 58 AT
FEHA—F A 3.

F1 BEEMESKEARBRNLER

Tab.1 Comparison between numerical simulation values

and experimental research results
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Tab. 2 Numerical simulation scenarios
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Fig.3 Flow pattern of the side trough water
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Fig. 4 Inlet streamline diagram of the side trough

section to the spill slot turn
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Fig. 5 Flow velocity distribution of different sections
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Fig. 6 Lateral flow rate distribution of vertical water

depth arranged in different drainage channel bends
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Fig.7 Comparison of vertical flow rate changes of different

sections of the bend arrangement of the chute turning section
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Tab.4 The difference in water surface height between
different mileage sections of the turning section

WA BT K I8 22 Az /m

0/ 4-4 Wi i 5-5 Wi 6-6 Wil B

14.505 0. 870 1.070 1. 140 NAGES

10 0.527 0. 749 0.784 NAGER!

5 0.448 0.551 0.574 1F [n] 45 &

0 0.121 0. 095 0.056 JEE- RN

-5 —0.351 —0.452 —0.467 ) 5 3E

—10 —0.493 —0. 687 —0.713 SR T 4

—14.505  —0.716 —1.020 —1.080 2T A
- gen 5 38 9 AT W

5 ) T P K O A R A i A 2 L
T B2 T ) A g S 1) A e P LT WK
U7 T R 1) K TR 49 ) BE B Sl 0 O AR e (A
A W T A i) 4 5 JBE 2 (BT )

BB RERF L IE W AT BT A M
1 R R S, EIT R 2 LR W& AE & E
U 5 0 A B L 3 B 5 1) A7 BN 5 T I 2
TER R T7 160 B I Bl K DRI T 9 00 3 2 T 4 A
T A £ 52 B L - T R 4 ) (BT 8)

B

S
=

&

(a) EBTHE

== ——

) REME
B8 AREEESRAETERKE

Fig.8 Curve streamline diagram of different

chute turning sections
ot A
4 ZHie

a. Zad VAR BeS MR 7 A A R IR R b

iR 0 1 e = T Y [ T Sl N e

1R A B 5 00 R MR E i T 1 A ) 5 B0 S P PR R

SHR PR RN A AR ) K T 4 ) B AT, K MR ER S5

FEREIN 5 A b 5N & 14, 505°, & HY O I

A 1] - 2 G L 11 A TR 1S I 36,6 V0 R 1) K T

22N 49. 6%,

b, XTI 1) A A A e 2 B, BT A Y ER
L5 U RS R0 A AR G 5 e A B, TE /N F
(5°) Iy BEA 1 BRI 0, 25 T8 H 171 R [] i 2 AH
Ak 10 A T e KA 1. 05 m/s, BUE B3 0,75
TECR 1) 7K T4 ) BE i — A0 A 5 I A f Ak 2
R 5 TE A B 00 R MR E U T T R R R O 2
TEHR R o O R B R ) 36— 0. 19 m/s—>
=174 m/s)  EUHURE [ K T 2] B ok G AR 22 L 0t
T R R S AN A
Sk
C1] A7) . A v ik 22 1 22 25 98 3 BOK J) R P F 5

(17 AR KIT,2009,40(21) - 37-39.

(2] AES7 0. B =X 1n 38 D ARG 7K O s 4 B i LT .
PEIb /K HL,2000(2) : 34-36.

(3] mhde, T, A A L 5. L 70 ) A% 5 b 16 30F 101 Be oK
ReE I B = A B A L 5 [T ], Hh B AR KR 7K
B, ,2019(7):161-165,169.

(4] HHFEF. 2T PIVEARN U B #E KA 5 6 58
[DJ. dbst AR, 2019.

(5] TV, WIERTSIE K i I8 v iz 3l 1Y) = 48 B (E B4 AT oY
[D]. K . K 8 T. K ,2018.

[6] ZEskath, &8 °F. HE L E N K RZ Y R[] K
iz T ,2009(11) :138-142.

(7] WERIF.BAEN AN, E T EAM KRGS
REES BRI ]. RERFFERARRFES
TRHE AR .2020,53(12) :1226-1235.

[8] K=, KV I IRTES SOK MR R Y Bl 2L
FELD]. B W B W3 TR %, 2020.

L9 HEFLW, FL BTUER, WRR 45, MR THE AL X B8 369 Ui 2 1k
FE R WA 1) BB A L LT . DL AL 2 5 5 R L 2023, 42
(4):530-537.

[107] I e, 3 B %, 85 58, 45 Bl A K g T U 93] 47 1
TE Wi 7 R P SE LT ). A il #2003, 24(2) :89-93
[11] DE VRIEND H J. A mathematical model of steady
flow in curved shallow channels[J]. Journal of hy-

draulic research, 1977,15(1):37-54.

[12] BLANCKAERT K, GRAF W H. Experiments on
flow in a strongly-curved channel bend[ C]J//Pro-
ceedings of the Congress International Association
for Hydraulic Research, 2001:371-377.

[13] sk, Beme s, sk B4, i /K AL S o0 i ot 18 45 58
K B ROCR M2 e L) ], KRR B R L 2022,
42(3) :25-31.



« 102 - AW OBE W OB 2023 4F

Analysis of Influence of Different Spillway Bends on

Spiral Flow of Spillway Side Troughs
GUO Jin-nan',QIU Yong', HE Pei-shan®, WU Si-heng',JI Lun-yong'
(1. College of Water Resources and Hydraulic Engineering, Yunnan Agricultural University, Kunming
650201, China; 2. Kunming Hongzhao Water Conservancy and Hydropower Engineering
Design Consulting Co. » Ltd. » Kunming 650020, China)

Abstract: For side channel spillways, although the adjustment section can be arranged on the downstream side to
smooth the water flow, it is difficult to completely avoid the interference of the transverse axis spiral flow on the water
flow pattern of the chute. Through numerical simulation, the impacts of the curved circulation in the turning section of
the chute on the spiral flow on the lateral axis of the side trough were studied. The results show that when the direction
of the circulation and the spiral flow are the same (the turning angle is 14. 505°), the streamline in the bend rolls oblique-
ly from the concave bank to the convex bank, the superposition of the flow velocity is obvious, and the circulation intensi-
ty intensifies. The lateral flow velocity of the outlet section of the curve reaches 3. 29 m/s, and the height difference of
the outlet water surface has reached 1. 140 m (low left and high right) ; When the circulation flow of channel bend and
spiral flow are in opposite directions (the turning angle is —5°) ; The water {low in the bend turns from both sides to the
axis and then flows downstream, and the circulation phenomenon almost disappears; The lateral flow velocity at the out-
let section of the bend decreases to —0. 19 m/s, and the height difference of the outlet water surface decreases to —0. 467 m Chigh
left and low right). That is, the turbulence of the spiral flow in the upstream groove can be improved by providing a
curved path in the chute.

Key words: transverse velocity; vertical velocity; chute circulation flow of channel bend; side groove spiral flow; wa-
ter flow regime
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Runoff Simulation of Qingshui River Basin Under Future

Climate Change and Land Use Scenarios

ZHOU Fan*", LI Han"", LIU Rui-fen™"
(a. Hubei Key Laboratory of River and Lake Ecological Restoration and Algae Utilization;

b. School of Civil Engingeering, Architecture & Environment, Hubei University of Technology, Wuhan 430068, China)

Abstract: Simulation and prediction of runoff under climate change and land use scenarios are of great significance for
the study of water balance and water resources planning and management. Taking the Qingshui River Basin in Zhangjiak-
ou City as the research area, the global climate model GFDL-ESM2M and CA-Markov model were used to analyze and
predict the meteorological data and land use in the Qingshui River basin, and the SWAT hydrological model was construc-
ted to quantify the changes of water balance factors in the basin in 2025 under the joint influence of climate change and
land use. The results show that under the three GHG emission scenarios, the rainfall in Qingshui River Basin increased
significantly in 2025, the maximum temperature and average temperature under the RCP2. 6 emission scenario decreased
compared with 2015; The maximum temperature and average temperature under the RCP4. 5 and RCP8. 5 emission sce-
nario increased, and the minimum temperature under the three scenarios decreased. From 2015 to 2025, arable land,
woodland, grassland, water area and construction land changed by —6.24 %, —0.86%, 6.32%, 0.20% and 0.59%,
respectively. Compared with 2014-2015, the water balance distribution of the watershed changed in 2025, and the peak
monthly runoff occurred from July to September. The average annual runoff under the three discharge scenarios were
4.40 m*/s, 5.84 m®/s and 9. 94 m®/s, respectively.

Key words: Qingshui River Basin; climate change; landuse; SWAT model; runoff
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Numerical Simulation of Hydrodynamic Characteristics

in a Channel with Fish-nest Brisk
YANG Ji*, GONG Yi-ging”, MAO Jing-giao*, GAO Huan", DAI Jie"
(a. College of Water Conservancy and Hydropower Engineering;
b. Institute of Water Science, Hohai University, Nanjing 210098, China)

Abstract: In order to investigate the impact of typical ecological revetment fish-nest brick on the hydrodynamic char-
acteristics of straight water conveyance channels, a 3-D numerical model (LES) incorporating fish-nest brick was devel-
oped using large-eddy simulation technology. Periodic boundaries were employed in the longitudinal direction to allow for
the repeated development of water flow within the computational domain. The reliability of the numerical model was ex-
tensively validated through experimental data from flume tests. Subsequently, the LES model was used to simulate the
hydrodynamic characteristics of channels containing fish-nest brick. The results indicate that the fish-nest brick divide the
channel into a high-speed main flow region and a low-speed fish-nest cavity. The time-averaged flow velocity in the main
flow region is approximately 1. 8 times the cross-sectional average flow velocity (U,), and a continuous distribution of
vortices exists throughout the entire water depth range. Conversely, the time-averaged flow velocity and turbulence with-
in the fish-nest cavity are at relatively low levels, making it suitable for fish habitat and the hatching of adhesive eggs.
The mixing layer at the mouth of the fish-nest cavity exhibits relatively strong vortex structures, which significantly en-
hances turbulence intensity and services as the primary driving force for momentum exchange between the interior and ex-
terior of the fish-nest cavity.

Key words: fish-nest brisk; large-eddy simulation; vortex structures; fish swimming





