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Fig. 1 Schematic diagram of 90° curved flume
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Fig. 4 Transverse circulation distribution under different densities of vegetation

2.1.2 FRAREEAESA AR BN R SR, SN T | AR MoK IR A O, AL
SR FH BRI € B RS ] Y03 v/ o) 8 a0 ) AR S 8 e B ) A G 5o B PR T, A () 3 BEE AL BV 1 T 2 5 TR T B
TERE A3 A AR 5 BT/ o I 2/H=0.1, z/H=0.3 z/H=0.5 Fl z/H=0.7 VU3 J2 P Tt , 12050 v 44 D 1 326 B
5 2N X (x=0.178~0.33B) . H.L2 X (x=0.50B) FI[MI 5 [X.(x=0.67B~0.83B)

L S AT, JOHE#E 25 T 7R Al B (DO~D45), MRS 2 /K i B P I 58 B 2 0 Bk i )2, i
AR (2/H>0.5) WY HTREPR AL E (4 X {H ) 3 W O, 0 75 TOU IR T i 328 3] B A, 2% A 34Ul I A PRI A



84 KoOF oK B I B O¥E K 2021 £ 12 H

AN RS 5 1T 00 B U B B4 JEE B8 /K O (2/ =0, 1) 7 25 TR T 8 3] die RERIE S, 5 A7 5] D75 Wi
Je IR, ABAEZSE T —E T FEINAT R AR . ARG 2/H=0.3 WiLJZ AUAR X BRI e B2 i R BB, AT LUK
Wi IR DAL T 2/H=0.3 Fi)=, HEEL MR ACE, PUONAE O i m AL 2 Bl N o (EASTE B
Je, IR L0t 25 TR IR i B 8t By 2, 0 (ML O A PR U e J, A 257 Y T T TR s B A
Ko ZAAHFRY], KA Z TN AR, ARG U0 8 S 2 T b i 3R

03¢ 03
02f
02}
01}
.
s o i 0 )
e P A
- ZIH=0. \ RN _ ~
02} <~ ZH=05 /i Y B
- ZIH=07 - - ZIH=07
o3l , , : X , , o1 L X . , , : ,
DO DI5S D30 D45 D60 D75 D90 DO DIS D30 D45 D60 D75 D90
WL W]
@h)p=0 (@2)p=22%
075 03
050} 02}
0.1
N ¥
0 v £ 0 . ¥
ol 0%
- ZIH=01 - p=0%
= =20y,
0501 - ZH=03 . -02p 1535
-03
DO DI5 D30 D45 D60 D75 D90 DO DI5 D30 D45 D60 D75 D90
[ 3in) i)
(3)p =4.5% (ad) z/H =03
(a) x/B =0.17 ("1 /54l
04 - 02 02
03} .
. 0.1 =\
02} ' 01} :
L o1t H
= 0 B
0F
af ¥ ’ JH = 0.1 or JH = 0.1
—vlr — L = zIH=0. - z/IH=0.
- ZH=01 O 7 g . L UH=03
02| - FH=03 . " « ZH=03 - + ZIH=03
s ai=0 v -« ZIH=07 . -+ ZIH=07
03 N sl N H N N s —02 0.1 v
DO DI5 D30 D45 D60 D75 D90 DO DI5S D30 D45 D0 D75 D90 DO DI5 D30 D45 D60 D75 D90
VT e Vi
(b)p=0 (b2) p=2.2% (b3) p=4.5%
(b) x/B = 0.50 (H02£k)
035 . 0.15
030F . o
: §2§i§é 0.10 0.1
020 T Zg=07 : «
v 3
. 010 e I !
i t = _ 0
0 3
e — “010F . =01 . C H=01 et
—0.10 Nt —" L IH=-03 . L IHm=03
L Zm=03 —01}l L In=od
020 L Im=07 L EHm=07
1 1 1 1 1 1 3 70420 1 1 1 1 1 1 3
DO DI5S D30 D45 D60 D75 D90 DO DI5S D30 D45 D60 D75 D90 DO DIS D30 D45 D60 D75 D90
i) i W T
(€hp=0 (2)p=22% (3)p=45%

(¢) x/B = 0.83 ([U1{ll)
K5 ANIR 2 B AR R U RE PR B BE X HE

Fig. 5 Comparison of the intensity of circulation with different vegetation densities
T 2425 T A PEAR BN, T DO~D30 2 [A)F B DXk B e B 1 52 e A BH ., D30 Wi i (25 i B

Ui ), Tt AL T P8 TN PTG J3E 4 O, 3o bt o 5 A 0 1) BEL 4 P A A i i s A ol ), JEH 2
PRI L 2/H=0.3 7K G B BRI GE JEE 28 R W7 T Al 025 4] 5(b) 3R, w0 X (x/B=0.5) YR L e B2 7



% 6 1] RCHEL, A5 AW BRI E HE AR B0 25 TR R E R B2 85

FEHAE R A TR RS AR T (p=2.2%), T BT Tl 2/H=0.1 7K TR A BRI e B 2R T HAW 2 &
R T (p=4.5%) , z/H=0.5 7K GRAL R E B R T LA I 22, DR G 0 2% B X 45 DB T A [R]ZK R AR P 3t i
JFERIVE RIS ANTR], X SRl B 7 BE25 6 2 SR W T K TRk th & 5 (o) W, A VE T AR R B X A0 v
FRIR I IE B T AR, AR KR B PRI B 1 25 (/N

22 AEMEHMLE

221 IRIRLGMEARSA ST R AR B B A 7 BT A T A I 5 R P R e, A B DX A3 A
0°~30°, 0°~60°% 0°~90°=Fh T 4, k5 v & 38 DO~D15 W [ 1Y 30 3 T S8 AN B 12, 1 D45~D60 W i .
D75~D90 W Il F19 A 7 285 A4 FIRIASAR L, 5043 51 LA D60 F1 DO 1E g 4% 2 i i 23 b7, HoA 16 BRI A% 0 A7 4l
Kl 6 .

1.0 1.0 1.0
Tos :'::h"_:"‘:"f:‘:f %.051::::::.:';:: SR
Tl I [P : Y
ol . S 0L 3 0 — =
i it i it i e
(al) D30 Wi (0°~30°) (a2) D30 Wi (0°~60°) (a3) D30 Wit (0°~90°)
1.0 1.0 1.0
Jos[choo it S S 05
N ST Il IO
IR S NEIE S IR S
[0 = e 0 oL-- "= -
it e it e it e
(b1) D60 1T (0°~30°) (b2) D60 Wi (0°~60°) (b3) D60 T (0°~90°)
1.0 1.0 10
Jos[ ool L I Sos
SRR SR 3 -~
SNl i
0 L 0 R - 0 —_ S
e [t M [ M [t
(c1) D90 Wi (0°~30°) (c2) D90 HFifii (0°~60°) (c3) D90 Wi (0°~90°)

6 ARG JRAE gV T W 48 1) PR o A

Fig. 6 Distribution of bend circulation with the vegetation at different locations

1 & 6 AT, D30 BT IR S Z T K, BEES SR /N, T Ui (D45~D90) i it — 4k g, H &
BN F x/B=0.75 W AR A B X (195 0 ) AR Bl X 3 2 2 J6], R 0 A FE 2/H=0.2 IK TR AL o 0°~60°F]
0°~30°FE 1 BE_I- IR L5 46 70 A KA AFABL

S ICHERE 25 T W PR 0 A A EL, RESVE ] N R RBOR N, B0 TR 3 RS 1 72038



86 KoOF oK B L OB O E O 2021 £ 12 H

T 00~30°75 8 BEER R AY 77 AR, Hr 00~00E 4 B X 25 T8 B U A4 11 55 8 R R R, B8 1) B0 1w O PR 4
[ [0, 72538 A BRI T 4%

222 RAZBEBAENSA  FHPAEASFEAGE TR, R Wi 2R e B ORE ) s /2 5] 3 ) 1)
AT ILIE 7

0.2 0251
A 020}
/ &
01t . a o —
: ] 0.10} 2"
= A 24 S - ™ : ’
= o} . =
= i . = oL ¢ . .
o1l - zH=01 ’ ’ /
01 T Zm=03 =010} . =01 /N
«zIH=10.5 v v zZIH=05 . /
- ZH=07 — zf=0.3
7042 1 1 1 1 1 1 ) 70.20 1 1 1 1 1 1 )
DO D15 D30 D45 D60 D75 D90 DO D15 D30 D45 D60 D75 D90
) )
(al) 0°~30° (B1) (a2) 0°~60° (B2)
0.3r 3.0
20+
0'2 L : . A
) Lot
\i 0.1f x SR . v ’ \ "
a x 8 *
. ) y -1of
o « v - Bl
e z/[H=0.1 o 20k -« B2
«zIH=0.5 : + B3
« zIH=0.7 . Y
7041 1 1 1 1 1 1 ) 730 1 1 1 1 1 1 )
DO DI15 D30 D45 D60 D75 D90 DO D15 D30 D45 D60 D75 D90
Wi T [ id]
(a3) 0°~90° (B3) (a4) z/H=0.3
(a) x/B=0.17 (" =)
035 . 02 0.15 X
030}
. . 0.10 . .
020} O g7t s : :  T———
v > o] ’
£ 010f o R — 3, . £ . v
- N - ZH =0.1 . ’ o1 .
010l - =07 e . 01p - FH=07 R Fo Tm=07 ’
. . . . . . 020 L . . . . . .
D0 DI5 D30 D45 D60 D75 D90 DO DIS D30 D45 D60 D75 D90 DO DI5 D30 D45 D60 D75 D90
i i i)
(b1) 0°~30° (B1) (b2) 0°~60° (B2) (b3) 0°~90° (B3)
(b) x/B = 0.50 (F.0>48)
02 . 015 -
0.10 ) R 0.10 : . . ;
01 [ e al v - * 4 -
—t— R H N S
R B ' . s O . .
= = ol . = .
Ty T oo zo#E=0d .
-0.10 o b o =03 . - 5%58% -
< Zm=07 — 2H =07 .
. . . . . . , . . . . . . . =020 L . . . . . .
D0 DIS D30 D45 D60 D75 D90 D0 DI5S D30 D45 D60 D75 D90 D0 DI5 D30 D45 D60 D75 D90
i) i i i}
(c1) 0°~30° (BI) (c2) 0°~60° (B2) (€3) 0°~90° (B3)

(c) x/B = 0.83 ("5 {l)
K7 OR[RI BB E T U R X L
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Influence of non-submerged rigid vegetation on the flow characteristics of bend

ZHAO Yugqi, PENG Qing’e, SHI Xuewei, YANG Kejun

(State Key Laboratory of Hydraulics and Mountain River Engineering, Sichuan University, Chengdu 610065, China)

Abstract: Vegetation widely distributed in natural river shallows can change the local hydraulic characteristics of the
river and the process of sediment transport. In order to understand the influence of vegetation on the flow characteristics
of the bend, our experiment is aimed at the bend with rigid emergent vegetation on the convex bank under a specific
flow rate, to explore the distribution law of water flow characteristics along the way when vegetation density and
location are different. By establishing a generalized model of curved water flow, using ADV to collect and process the
three-dimensional velocity data, and comparing the velocity distribution under the conditions with and without
vegetation (vegetation density respectively p=0, p=2.2%, p=4.5%), we qualitatively analyze the effect of vegetation on
the turbulence characteristics of the curve flow under different working conditions, and determine the structure and
strength of the curve circulation. The results show that the existence of vegetation on the convex bank (0°-90° bend,
evenly distributed in the quarter of the river width) can effectively weaken the circulation intensity of the bend, but the
reduction effect on the convex bank area does not increase with the increase of vegetation density. The location of the
dividing point of different flow direction water layers in the non-vegetation area changes with the change of vegetation
density, and the distribution of vegetation also affects the circulation structure at different water depths in each section
of the bend.

Key words: rigid vegetation; curved channel; velocity distribution; transverse circulation; turbulence characteristics
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