¥ B KR AR KL

128 irrigate.com.c .
Www.rrigate.com.cn China Rural Water and Hydropower
X EHS :1007-2284(2023)06-0128-05 KR SKE RS

R/

i

It
£

ARRITERTEIENRANRBERTE

R BB R R BAE, EAL R RS

(1. P EHEIT =2 A R B, BRE s ARG BE , AL ST 100038 2. KW R A S TR 4 E R TRV T,
ITIR B AT 210024 ; 3. A EKFK B RFEARFTBE , Tt K A6 BRI e R 48 3 5 928628, JE 5T 100038
4 b TRER KRB, Wb HEHE 0560005 5. ALK Rk B R KRBt , i 5 AR 450045)

H OB HERATAASARAA T ELNERNRY , ETALSSA TEHEEE KT RTHENRA T REETE
BAE R AR R A AR A LA R R THEARRNE A, BIRKRARE, FREBERANERNTA ARSI TR,
1ERAIBF B E . W FERAABG T T HE NS Z R TG-S CH LS F A2, A B R K £ 05k X e 2 5
ATk ok il AR kA e HE R F A AN AR X, A TRAB-RMCH D RAHE T RABGHEHRX
FREETAMARK, ERAV RBGEB-RIHCHIES ZHUAXF LT RHAX LA AR A LA K, 4k
JR TR B R R B RALE R B AR & 5 e T o0 R AT T ) R BT BE R ORR T A AL A S
TR T PR I AR R

KEEWR MG RAS A RBGRR EFRA A AR &

FESES:TVIZ.2 X HEkFRIRAD : A DOI: 10.12396/znsd.221617

BTE, A BEF, S B EEETER N REUFERITER EZH R[] PERAKFIKE,2023(6) : 128-132+137. DOIL: 10.12396/

znsd.221617.
ZHAO H Q, WANG W J, ZHAO Y F, et al. Research on the characteristics and calculation method of resistance coefficient of submerged

flexible vegetated river channel[ J]. China Rural Water and Hydropower,2023(6) : 128-132+137. DOI:10.12396/znsd.221617.

Research on the Characteristics and Calculation Method of
Resistance Coefficient of Submerged Flexible Vegetated River Channel
ZHAO Han-qing' >, WANG Wei-jie’, ZHAO Yan-fang’*, FENG Da-qian>*, LI Jin-jin’, XU Yu-xuan’’
(1. Institute of Science and Technology, China Three Gorges Corporation, Beijing 100038, China; 2. National Engineering Research
Center of Water Resources Efficient Utilization and Engineering Safety , Nanjing 210024, Jiangsu Province, China; 3. State Key Laboratory
of Simulation and Regulation of Water Cycle in River Basin, China Institute of Water Resources and Hydropower Research,
Beijing 100038, China; 4. College of Water Resources, Hebei Engineering University, Handan 056000, Hebei Province, China;

5. College of Water Resources, North China University of Water Resources and Hydropower, Zhengzhou 450045, Henan Province, China)
Abstract: Vegetation is an important part of the river ecosystem, which plays an important role in river ecological restoration, river morpholo-
gy evolution and sustainable utilization of water resources. However, the existence of aquatic vegetation will also change the flow pattern and
reduce the flow velocity. Flexible vegetation present certain oscillation and deformation under the action of water flow, which makes the water
movement more complicated. In this paper, the deformation of the flexible vegetation is considered in the classical Darcy—Weisbach equa-

tion, and the vegetation properties that affect the resistance coefficient are analyzed. The maximum difference algorithm is used to screen and

Y75 B 89 :2022-08-08

BEE&WB: FERAAREE S H (52209083) 5 o EHK VL =4 A4 BR 2 "IRHIFI H (202103399) s FIZ A A FF= 450 H (51809286) ; fEIK
FIK B FRFFE B R AA " H (WE0199A052021)

EE B IR (1991-), 95 4 BFFE 05 [0 A M A= 38k S22 5 W31 J12% . E-mail : zhao_hanqing@ctg.com.cn.,

BIRAER : EARAN(1988-) , 55, Mg TR, W, WF5E 05 1) S TR BRE LB DL S5 0845 . E-mail : wjwang@whu.edu.cn,



A F AT 1 ) R RGT F O R AT H

IR MEF F 129

classify the experimental data, and then the genetic algorithm is used to determine the expression of the resistance coefficient of the sub-

merged flexible vegetation. At the same time, the formula of Manning coefficient is derived by the relationship between the Darcy—Weisbach

coefficient and the Manning coefficient. The results show that the friction formulae of Darcy—Weisbach and Manning have relatively concise

expressions and can be applied to the calculation of the resistance coefficient of submerged flexible vegetation under different water depths,

different vegetation densities and different vegetation heights. The research results can provide a theoretical basis for the design of vegetated

ecological channel.

Key words: flexible vegetation; open channel flow; resistance factor; maximum variability algorithm; genetic algorithm
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Tab.1 List of relevant information of experimental data

SCik Q/(m’*+s) B/m S4/% h,/m h/m h /m D/m m/(Bf+m™)
Dunn et.al, 1996 0.078~0.180 091  0.360~1.01  0.230~0.367  0.097~0.161 0.169 0.006 0 43~388
Yang, 2009’ 0.080~0.011 045  0.070~0.361  0.055~0.110  0.023~0.034 0.035 0.002 0 1400
Kubrak et al, 2008’ 0.027~0.075  0.58  0.009~0.017  0.180~0.266  0.131~0.164 0.165 0.0008  2500~10 000
Okamoto and Nezu, 2010"*  0.006~0.032 040  0.019~0241  0.150~0.315  0.030~0.096  0.050~0.105  0.008 0 951
Jarvelak, 2005 0.040~0.143  1.10  0.306~0.707  0.155~0.260  0.155~0.260 0.280 0.003 0 12 000
Carollol et al, 2002 0.027~0.189  0.60  0.200~1.000  0.119~0.277  0.031~0.082  0.035~0.200  0.001 0 28 000~44 000
F2 ILWHESIT
Tab.2 Experimental data statistics
415 Q/(m*+s™") B/m S4% h /m h/m h/m D/m m/(f-m™)
L2 0.006 0~0.1892  0.40~1.10  0.000 200~0.017 400 0.055 0~0.706 5 0.022 6~0.260 0 0.035~0.280  0.000 825~0.008 000  43~44 000
MHIRZH  0.007 5~0.1800  0.40~0.91  0.000 190~0.017 400 0.0750~0.3150 0.025 3~0.164 0 0.035~0.200 0.000 825~0.008 000  172~44 000
EZ 0.007 2~0.1350  0.40~0.60 0.000 249~0.017 400  0.150 0~0.3150 0.030 0~0.154 0  0.050~0.165 0.000 825~0.008 000  951~28 000
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Fig.1 Distribution of different data groups
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Tab.3 Formula solution
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Fig3 Comparison of measured and calculated values of f and n
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