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Abstract

Introduction: Vegetation has traditionally been viewed as a nuisance and obstruction to
channel flow by increasing flow resistance and water depth. However, in recent years,
vegetation has become a major component of erosion control and stream restoration. Most of
research efforts focus on describing vegetation roughness, determining drag coefficients and
empirical formulas for resistance under various vegetation configurations. While the
development of experimental solutions for vegetative resistance is important, understanding
the detailed characteristics of flow through vegetation is also important. Yang et al. (2007)
conducted flume experiments with different types of vegetation, and found that, in the cases
of non-vegetated floodplains, all measured streamwise velocity distributions followed the
logarithmic distribution, but for vegetated floodplains, they followed an S-shaped profile.
Nezu and Sanju (2008) studied turbulence structures and coherent motion in vegetated canopy
open-channel flows. They divided the whole flow region into three sub-zones, i.e. the
emergent zone, the mixing-layer zone and the log-law zone. In the present study, a set of
experiments have been designed under different conditions to elucidate the flow structure.
The main focus is to examine how the vertical velocities, are affected by simulated vegetation
arranged in emergent and submerged conditions. In addition, the effect of dowel density,
configuration, and relative depth are examined.

Methodology: The experiments were conducted in a fixed bed rectangular flume, 9 m long
and 0.6 m high and 0.8 m wide. The slope of bed flume was 12 x10-5. The main channel and
floodplain had widths of 24 and 28 cm, respectively, and the main channel had a side slope, s,
of 0. The bankfull height, h, was 6 cm. Vegetation were simulated by wooden dowels. The
wooden dowels were 140 mm tall and 7 mm in diameter. The dowels were attached to a PVC
sheet bolted to the bottom of the flood plain in linear and staggered arrangement. The spacing
of the dowels varies from 2.5-10 cm in both lateral and streamwise directions forming stem
density of 0.41, 1.64%, 6.04%. The flume was operated under a uniform flow condition, and
measurements of discharge, point velocity and flow depth were taken. Flow depths were
measured by means of a pointer gauge, discharges were measured by a digital flowmeter,
installed upstream of the channel, and a micro propeller current meter were used to velocity
measurements. Within the measurement cross section, located at 5.6 m, the authors arranged
ten verticals, where the lateral values of y from the first vertical to the last were 0, 4, 8, 12, 12.2,
26 and 34 cm. When the vertical distance from the measurement point to the bed was less than
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175 mm, the measurement interval was 10 mm and 5mm in the main channel and floodplain,
respectively.

Results and Discussion: The experimental results are presented in three parts, flow through
non-vegetated floodplain first, flow through emergent vegetation second and followed by the
submerged case. The effects of density and dowel configuration are included in each of the
sections. Each section ends with a discussion on the effects of rigid dowels on logarithmic
profile. In the cases of non-vegetated floodplains, all measured streamwise velocity
distributions followed the logarithmic distribution, but for vegetated floodplains, they
followed an S-shaped profile. It is seen that after implanting the vegetation over the floodplain,
the velocity over the floodplain decreases whereas it increases in the main channel. Also, as
the vegetation density, A, increases, velocity increases in the main channel and decreases in
the floodplain. In the presence of emergent vegetation on floodplain, logarithmic profile does
not exist even in the main channel, however it seems that the formation of the S-shaped profile
in the main channel is under the bankfull height and above the bankfull height the vertical
velocity profile takes on a logarithmic profile again.

On the basis of the present experimental results, the whole flow region is divided into the
following three sub-zones: (1) Emergent zone (0 < z < h,), (2) Mixing-layer zone (h, < z <
hiog),, (3) Log-law zone (h;,g < z < H). In the present study, hp was equal to 0.2 H and hlog
was equal to 0.5 H. In the emergent zone (0 < z < h;,) the velocity is almost constant due to
strong wake effects of vegetation stems although it may behave slightly in a counter-gradient
fashion. In the second zone (hp < z < hlog), the vertical velocity profile are similar in both
submerged and emergent conditions, and the effect of bed roughness is completely eliminated
and the velocity gradients are reduced and almost fixed. The velocity in the third zone (h;,4 <
z < H) is significantly higher than the velocity in the second zone. In the log-law zone (h;,4 <
z < H), the log-law of velocity distribution for rough beds is reasonably applied even to
vegetated flows. Comparison the longitudinal velocity profiles for linear and staggered dowel
arrangements indicates an increase in the resistance due to the linear arrangement compared
to the staggered arrangement.

Conclusion: In the cases of non-vegetated floodplains, all measured streamwise velocity
distributions followed the logarithmic distribution, but for vegetated floodplains, they
followed an S-shaped profile. However, in the main channel, higher than the bankfull height
the velocity profile is logarithmic. The results shows that as the vegetation density, A,
increases, the velocity increases in the main channel and decreases in the floodplain. Linear
arrangement resulted higher resistance compared to staggered vegetation arrangement. The
velocity profile at all locations above the dowel array are very well represented by the
following semi logarithmic expression. In fully submerged vegetation, the whole flow region
was divided into three sub-zones, i.e., the emergent zone, (0 < z < h,)) the mixing-layer zone
(hp <z < hyyg), and the log-law zone(h;,g < z < H). In the present study, hp was equal to 0.2
H and hlog was equal to 0.5 H.

Keywords: vertical velocity profile, vegetation, compound channel, arrangement, density,
submergence.
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Table 1 Experiment Conditions
Data Number Arrangement Submergence Density Q(Lit/s) (Relative Dr
condition (%) Depth)
Run1,23 Linear emergent 0.41 9.35,17.5,23.5 0.29,0.45,0.5
Run 4,5 Linear submerged 0.41 31.93,39.5 0.67,0.75
Run 6,7,8 Linear emergent 1.64 9.35,17.5,23.5 0.29,0.45,0.5
Run 9,10 Linear submerged 1.64 31.93,39.5 0.67,0.75
Run 11,1213 Linear emergent 6.04 9.35,17.5,23.5 0.29,0.45,0.5
Run 14,15 Linear submerged 6.04 31.93,39.5 0.67,0.75
Run 16,17,18 staggered emergent 0.41 9.35,17.5,23.5 0.29, 0.45,0.5
Run 19,20 staggered submerged 0.41 31.93,39.5 0.67,0.75
Run 21,22,23 staggered emergent 1.64 9.35,17.5,23.5 0.29, 0.45,0.5
Run 24,25 staggered submerged 1.64 31.93,39.5 0.67,0.75
Run 26,27,28 staggered emergent 6.04 9.35,17.5,23.5 0.29, 0.45,0.5
Run 29,30 staggered submerged 6.04 31.93,39.5 0.67,0.75
Run Non vegetated =~ --------mem-e- o 9.35,17.5,23.5, 0.29,0.45,0.5,
31,32,33,34,35 31.93,39.5 0.67,0.75
0.3
0.25 %
0.2
— X
£ 015
T X
X
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0
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Fig. 3 stage-discharge rating curve
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Fig. 9 Comparison of the longitudinal velocity profiles in floodplain under various depth ratio and density conditions.
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Fig. 13 Vertical velocity profile in main channel(y=0,8,12 cm) and floodplain(y=12.2,26, 32 cm) under fully submerged flow
conditions
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dowel arrangements

b 9 okt pledaz 59 53 §0ee Sl L > sl S Slag e 10 S

Chen, C. (1976). Flow Resistance in Broad Shallow
Grassed Channels, J. Hydraul. Div. Am. Soc. Civ.
Eng., 102(HY3), 307- 322.

Garcia, M.H., Lopez, F., Dunn, C. and Alonso, C.V.
(2004). Flow, turbulence, and Resistance in a Flume
with Simulated Vegetation, in Riparian Vegetation
and Fluvial Geomorphology, edited by S. J. Bennett
& A. Simon, AGU, Washington, D.C., 11 -27

James, C.S., Birkhead, A.L., Jordanova, A.A. and
Sullivan, J.J.0. (2004). Flow Resistance of emergent
vegetation, J. Hydraul. Res., 42(4), 390 398.

Huai, W.X, Zeng, Y.H, Xu, Z.G. and Yang, Z.H.
(2009). Three-layer model for vertical velocity
distribution in open channel flow with submerged
rigid vegetation. Adv water resour, 32(4), 487-92.

Li, D., Huai, W.X. and Liu, M.Y. (2020).
Investigation of the flow characteristics with one-
line emergent canopy patches in open channel,
Journal of Hydrology, 590, 1-13.

Liu, D.P., Diplas, J.D., Fairbanks, C. and Hodges, C.
(2008). An experimental study of flow through rigid
vegetation. J. Geophys. Res., 113, F04015.

Liu, D.P., Diplas, J.D., Fairbanks, C. and Hodges, C.
(2008). An experimental study of flow through rigid
vegetation. J. Geophys. Res., 113, F04015,
doi:10.1029/2008JF001042.

Liu, ZW., Chen, Y.C., Zhu, D.J., Hui, E.Q. and
Jiang, C.B. (2012). Analytical model for vertical
velocity profiles in flows with submerged shrub-like
vegetation. Environ fluid mech, 12(4), 341-346.

Nepf, H.M. (2012). Flow and transport in regions
with aquatic vegetation. Annu rev fluid mech, 44,

Bos ;0 a5 0,5 e 4l 4w 4 lgd o |y ey

baslis W).Q.% -0

B LS g sl aihie 5 e
CDh PN L P PO P
dy Sio Eat y b i olals> gl
Dr  Beas
Dy BLS gy yhad
Hr Ol Bes 4 (goges dlold Cons
K ool o8 <l
ks 0300,655 oy sbaails Jolea (5,5
L LS b ol allaie Jsb
A PSS b oS
N LQJ..M )Lo«:
e R ey
Uq EFCRCPNC T
b 2o —F

Afzalimehr, H. and Setayesh, P. (2018).

Investigation on Logarithmic and Coles Laws under
Different Emergent Vegetation Patches. Journal of
Hydraulics, 13(1), 47-62. (in Persian).

Journal of Hydraulics
15 (4),2021

44



raa OL-AM 3) ¥ a)Lo.{Za AT 099

Sl yaad

Problems and opportunities, in Riparian Vegetation
and Fluvial Geomorphology, edited by S.J. Bennett
& A. Simon, 1- 10.

Stone, B.M. and Shen, H.T. (2002), Hydraulic
resistance of flow in channels with cylindrical
roughness, journal of hydraulic engineering. 128(5),
500 — 506.

Yang, W. and Choi, S.U. (2010). A two-layer
approach for depth-limited open-channel flows with
submerged vegetation. Journal of hydraulic
resource. 48(4), 466-75.

Yang, K., Cao, SH. and Knight, D.W. (2007). Flow
patterns in compound channels with Vegetated
Floodplains. Journal of hydraulic engineering,
133(2), 194-225.

Zahiri, A. (2006). Numerical modeling of water
surface profiles and hydraulic flood routing in
compound channels using finite differences method,
PhD thesis, Tarbiat Modares University, 187p. (in
Persian).

123-142.

Nepf, H.M. (1999). Drag, turbulence, and diffusion
in flow through emergent vegetation, Water Resour.
Res., 35(2), 479 — 489.

Nezu, I. and Sanjou, M. (2008). Turbulence
Structure and Coherent Motion in Vegetated Canopy
Open-channel Flows. Journal of hydro-environment
research, 2(2), 62-90.

Petryk, S. and Bosmajian, G. (1975). Analysis of
flow through vegetation, J. Hydraul. Div. Am. Soc.
Civ. Eng., 101(HY7), 871 884.

Raupach, M.R. and Thom, A.S. (1981). Turbulence
in and around plant canopies, Annu. Rev. Fluid
Mech., 13, 97 — 129.

Tsujimoto, T., Shimizu, Y., Kitamura, T. and Okada
T. (1992). Turbulent open-channel flow over bed
covered by rigid vegetation, J. Hydrosci. Hydraul.
Eng., 10(2), 13-25.

Simon, A., Bennett, S.J. and Neary, V.S. (2004),
Riparian vegetation and fluvial geomorphology:

Journal of Hydraulics

45

15 (4), 2021



