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Abstract

Macrophyte of submerged vegetation canopy in water flow can provide habitat, food, and play en-
vironment for all kinds of aquatic fauna. It can purify the flow and improve water quality by ab-
sorbing fine particles of pollutant and releasing oxygen as well. Consequently, it has substantial
significance for river, lake and coast to protect, restore and improve their ecological environments.
The issue of environmental fluid mechanics in the submerged vegetated flow has obtained more
and more concerns. The vertical profile of the time-averaged mean velocity is one of the funda-
mental studies, because it is directly related to the issues of resistance and mass transport in flow.
The present paper describes the velocity profile in three catagories: logrithmic law, inverse tan-
gential or hyperbolic profile with inflection point, and the superposition of segments of mixing
profiles. The main characteristics and application situations of these three profiles are summa-
rized, and the future advances of the development of velocity profile are presented based on its
forming mechanics: turbulent structures and momentum mixture. The present paper aims at pro-
viding assistances in the management and restoring of the ecological environment for engineers,
and in the distinguishment of fundamental scientific issues for researchers.
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Figure 1. Schematic of the logrithmic law above vegetation canopy
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Figure 2. Schematic of velocity profile with inflection point
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Figure 3. Velocity profile in superposition of segments [21]

E 3. SREMRESHAE2I]

24. ZMRES B AEEREXIEE

bk =FhieE o AT AN AE 2 R 2ONNE FHKERVE ] B X, R EA 2R 1) X
oA iE A R DR B AR R KRS, AR 3 SRS A RE S SR AR A A1 2 1
re PEAR AR, S RE G R T IRTE A B2 TEAR, PRI 2270 A U T DA 2 37 i S T A A B d
HAEIRES: 2) BA sl B IR D) EO0 78 73 A7 & Y - BRJE PR T I 5 R BLAN, - I 5 2 T 22 K T
(14K ERVE S IR D) 28 o A DR 24 A de KU AR AR AR A S I 5 3R T L i RN e/ e 2
RES NS AL b R NIE, 8 3 NS HARIRTT R ATBERE . DU sl ELATRUEAR, PRI X 2R 2041 vl
LJOKE Tf 1t 0 A8 7K IR i R T o7, B2 A 3o ) e AL AN i /ML, L8 v BE AR U DA AU 5 d (D SR 5 3)
73 BUB IR & R 73413 F - MK S /K T 2K IRV, DA SRR EK 20 5 AN XK A i

DOI: 10.12677/ams.2018.54018 160 PR EERTI


https://doi.org/10.12677/ams.2018.54018

FHILL, W e

I A% X A A BR RS LA &, 7R 3 R A B TR o RIA T, Kok i 2 & BUS R E S
B, 2 EBOVED

3. FiLRIRE

B BOK AEAE D TR 2 PR K IAE IS 22t T P 3 i 3 A 2 AT =R A i) s R aE I A Tl IR 2 B L
Pk A s 3EH] T A KSR B3 A B S AE VI SO TE 70 A1 s BL 7 BB IR & B A . X =R
A AT BRI T H A S HERE 5 S B B R A R, IR HE 3 2R K TRUE BLRIME 45K
bR AR, SRl AELS S B R A BB TR 1 5 L2 S J 2tk B nLAs . 28T, T A R A5
= WA AR A, DT S0 A v Ak LA b L T T SR B AR

DRI FKAA o 7K eI P 14 38 i) A 52 BR T 7KL 0 ZE s HLER M Sh AL AL, B T Bk T /KR I 25
ENGER e BRAE . IR =AU A e 6 B A STk TR R T 5 E B K ﬁ
FA T3 5 10 S I VTEO 20 A xS 77 2 TR SR TR IR & R R B KImai i T BL & ik &
oA, WGRAE AN PR Z S R SE RS, F& YR A B ki B - AR S R . A
T, & M BOR AT R K b B G5 A R SRR A HE— BRI TT, R A B T /K i 237 i o
171 A )3 . 2R A E

B O

A% EH R HRBAEE S HALHES : 51479109, 51479137))%Bh, 7EbIA E 5 B RBlIE I &&
ESQUIN!

SE

[1] Chistensen, B.A. (1985) Open Channel and Sheet Flow over Flexible Roughness. Proceedings of the XXI International
Association for Hydraulic Research Congress, Melbourne, 462-467.

[2] Armanini, A. and Righetti, M. (1998) Resistenza al moto in alvei vegetati a scabrezza eterogenea. Proceedings of the
XXVI Convegno di Idraulicae Costruzioni Idrauliche, Catania, 3-14. (In Italian)

[3] Temple, D.M. (1986) Velocity Distribution Coefficients for Grass-Lined Channels. Journal of Hydraulic Engineering,
112, 193-205. https://doi.org/10.1061/(ASCE)0733-9429(1986)112:3(193)

[4] Schlicting, H. (1968) Boundary Layer Theory. McGraw-Hill, New York.

[5] Ikeda, S. and Kanazawa, M. (1996) Three-Dimensional Organized Vortices above Flexible Water Plants. Journal of
Hydraulic Engineering, 122, 634-640. https://doi.org/10.1061/(ASCE)0733-9429(1996)122:11(634)

[6] Kutija, V. and Hong, H.T.M. (1996) A Numerical Model for Assessing the Additional Resistance to Flow Introduced
by Flexible Vegetation. Journal of Hydraulic Research, 34, 99-114. https://doi.org/10.1080/00221689609498766

[7]1 Kironoto, B.A. and Graf, W.H. (1995) Turbulence Characteristics in Rough Uniform Open-Channel Flow. Proceedings
of the Institute Civil Engineering, 112, 336-348. https://doi.org/10.1680/iwtme.1995.28114

[8] Kouwen, N., Unny, T.E. and Hill, H.M. (1969) Flow Retardance in Vegetated Channels. Journal of the Irrigation and
Drainage Division, 95, 329-342.

[9] El-Hakim, O. and Salama, M.M. (1992) Velocity Distribution inside and above Branched Flexible Roughness. Journal
of Irrigation and Drainage Engineering, 118, 914-927. https://doi.org/10.1061/(ASCE)0733-9437(1992)118:6(914)

[10] Klopstra, D., Barneveld, H.J., van Noortwijk, J.M. and van Velzen, E.-H. (1997) Analytical Model for Hydraulic
Roughness of Submerged Vegetation. Proceedings of the 27th IAHR Congress in San Francisco, 775-780.

[11] Plate, E.J. and Quraishi, A.A. (1965) Modeling of Velocity Distributions inside and above Tall Crops. Journal of Ap-
plied Meteorology, 4, 400-408. https://doi.org/10.1175/1520-0450(1965)004<0400:MOVDIA>2.0.CO:2

[12] Nnaji, S. and Wu, L. (1973) Flow Resistance from Cylindrical Roughness. Journal of the Irrigation and Drainage Di-
vision, 99, 15-26.

[13] Watanabe, T. and Kondo, J. (1990) The Influence of Canopy Structure and Density upon the Mixing Length within and
above Vegetation. Journal of Meteorological Society of Japan, 68, 227-234.

DOI: 10.12677/ams.2018.54018 161 PR EERTI


https://doi.org/10.12677/ams.2018.54018
https://doi.org/10.1061/(ASCE)0733-9429(1986)112:3(193)
https://doi.org/10.1061/(ASCE)0733-9429(1996)122:11(634)
https://doi.org/10.1080/00221689609498766
https://doi.org/10.1680/iwtme.1995.28114
https://doi.org/10.1061/(ASCE)0733-9437(1992)118:6(914)
https://doi.org/10.1175/1520-0450(1965)004%3C0400:MOVDIA%3E2.0.CO;2

L, WL e

https://doi.org/10.2151/jmsj1965.68.2_227

[14] Haber, B. (1982) Uber den Erosionsbeginn bei der Uberstrdmung von flexiblen Rauheitselementen. Mitteilungen des
Leichtweiss Institutes fiir Wasserbau der Technischen Universitéit Braunschweig. Heft 74.
[15] Carollo, F.G., Ferro, V. and Termini, D. (2002) Flow Velocity Measurements in Vegetated Channels. Journal of Hy-
draulic Engineering, 128, 664-673. https://doi.org/10.1061/(ASCE)0733-9429(2002)128:7(664)
[16] Inoue, E. (1963) On the Turbulent Structure of Air-Flow within Crop Canopies. Journal of the Meteorological Society
of Japan, 41, 317-326. https://doi.org/10.2151/jmsj1923.41.6_317
[17] Jarveld, J. (2002) Flow Resistance of Flexible and Stiff Vegetation: A Flume Study with Natural Plants. Journal of
Hydrology, 269, 44-54. https://doi.org/10.1016/S0022-1694(02)00193-2
[18] Katul, G., Poggi, D. and Ridolfi, L. (2011) A Flow Resistance Model for Assessing the Impact of Vegetation on Flood
Routing Mechanics. Water Resources Research, 47, W08533. https://doi.org/10.1029/2010WR010278
[19] Monin, A.S. and Yaglom, A.M. (1971) Statistical Fluid Mechanics: Mechanics of Turbulence. Vol. 1, MIT Press,
Boston.
[20] White, B. and Nepf, H. (2008) A Vortex-Based Model of Velocity and Shear Stress in a Partially Vegetated Shallow
Channel. Water Resources Research, 44, 1-15. https://doi.org/10.1029/2006 WR005651
[21] Nepf, H.M. and Ghisalberti, M. (2008) Flow and Transport in Channels with Submerged Vegetation. Acta Geophysica,
56, 753-777. https://doi.org/10.2478/s11600-008-0017-y
[22] Nikora, N., Nikora, V. and Tom, O. (2013) Velocity Profiles in Vegetated Open-Channel Flows: Combined Effects of
Multiple Mechanisms. Journal of Hydraulic Engineering, 139, 1021-1032.
https://doi.org/10.1061/(ASCE)HY.1943-7900.0000779
[23] Pokrajac, D., Finnigan, J.J., Manees, C., McEwan, 1. and Nikora, V. (2006) On the Definition of the Shear Velocity in
Rough Bed Open Channel Flows. In: Fluvial Hydraulics River Flow, Vol. 1, Taylor & Francis, London, 89-98.
[24] Raupach, M.R., Finnigan, J.J. and Brunet, Y. (1996) Coherent Eddies and Turbulence in Vegetation Canopies: The
Mixing Layer Analogy. Boundary-Layer Meteorology, 78, 351-382. https://doi.org/10.1007/BF0012094 1
[25] Stephan, U. and Gutknecht, D. (2002) Hydraulic Resistance of Submerged Flexible Vegetation. Journal of Hydrology,
269, 27-43. https://doi.org/10.1016/S0022-1694(02)00192-0
[26] Guo, J. and Zhang, J. (2016) Velocity Distributions in Laminar and Turbulent Vegetated Flows. Journal of Hydraulic
Research, 54, 117-130. https://doi.org/10.1080/00221686.2015.1136899
[27] Murota, A., Fukuhara, T. and Sato, M. (1984) Turbulence Structure in Vegetated Open Channel Flows. Journal of Hy-
droscience and Hydraulic Engineering, 2, 47-61.
[28] Nikuradse, J. (1933) Stromungsgesetze in rauhen Rohren. Forschungsheft 361. Ausgabe B. Band 4.
[29] Nezu, L. and Sanjou, M. (2008) Turbulence Structure and Coherent Motion in Vegetated Canopy Open-Channel Flows.
Journal of Hydro-Environment Research, 2, 62-90. https://doi.org/10.1016/j.jher.2008.05.003
[30] Li, Y., Xie, L. and Su, T. (2018) Resistance of Open-Channel Flow under the Effect of Bending Deformation of Sub-
merged Flexible Vegetation. Journal of Hydraulic Engineering, 144, Article ID: 04017072.
https://doi.org/10.1061/(ASCE)HY.1943-7900.0001419
)
LY
Hans X
FIPR R IR JT 5

1. FTHFE1M BUE http:/kns.cnki.net/kns/brief/result.aspx?dbPrefix=WWJID
THIFIRHEESE: [ISSN], HAHITI ISSN: 2376-4260, BRI # i)

2. FTHFHIM B T http:/cnki.net/

e« EBRSCHRAE” BEN, BIANSCERRE, HIE A
hEE S http://www.hanspub.org/Submission.aspx
HATFIMEAS : ams@hanspub.org

DOI: 10.12677/ams.2018.54018 162 PR EERTI


https://doi.org/10.12677/ams.2018.54018
https://doi.org/10.2151/jmsj1965.68.2_227
https://doi.org/10.1061/(ASCE)0733-9429(2002)128:7(664)
https://doi.org/10.2151/jmsj1923.41.6_317
https://doi.org/10.1016/S0022-1694(02)00193-2
https://doi.org/10.1029/2010WR010278
https://doi.org/10.1029/2006WR005651
https://doi.org/10.2478/s11600-008-0017-y
https://doi.org/10.1061/(ASCE)HY.1943-7900.0000779
https://doi.org/10.1007/BF00120941
https://doi.org/10.1016/S0022-1694(02)00192-0
https://doi.org/10.1080/00221686.2015.1136899
https://doi.org/10.1016/j.jher.2008.05.003
https://doi.org/10.1061/(ASCE)HY.1943-7900.0001419
http://kns.cnki.net/kns/brief/result.aspx?dbPrefix=WWJD
http://cnki.net/
http://www.hanspub.org/Submission.aspx
mailto:ams@hanspub.org

	Progress on Velocity Profile in Water Flow with Submerged Vegetation Canopy
	Abstract
	Keywords
	含淹没水生植物冠层的水流时均流速分布研究进展
	摘  要
	关键词
	1. 引言
	2. 时均流速垂向分布形式研究进展
	2.1. 冠层之上的对数流速分布规律
	2.2. 具有拐点的流速分布规律研究
	2.3. 分段叠加混合分布规律
	2.4. 三种流速分布规律的差异性对比

	3. 结论及展望
	致  谢
	参考文献

