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Experimental Study on the Effects of Bed Channel Vegetation Density on

Flow Hydraulic Characteristics

Malihe Hajghani?, Soudabeh Golestani Kermani*?, Mohammad Zounemat-Kermani®, Gholam Abbas Barani*

Abstract

In this paper, the effects of bed vegetation density, inflow rate and slope on some hydraulic properties
of flow was studied in a laboratory environment. For this purpose, a trapezoidal flume with 3m long was
established and some hydraulic characteristics of flow such as water level, manning roughness
coefficient, longitudinal velocity, deep velocity and bed shear stress were recorded in different flexible
artificial bed cover densities (VD= 0,20%,30%,50%) inflow rate (Q= 5,10,15,20,25 lit/se) and slope
(S=0, 0.5%,1%). Final results analysis showed that behavior of hydraulic parameters depends on the
interaction between inflow rate and slope and vegetation density. Water level and manning roughness
coefficient increased nonlinearly with increasing bed vegetation density at a constant inflow rate.
Maximum water level and roughness coefficient were observed in S=0, VD=50%, Q=25, 5 lit/se
respectively. Also, with increasing bed vegetation density at a constant inflow rate, deep velocity and
shear stress decreased nonlinearly and longitudinal velocity decreased linearly. Minimum longitudinal
velocity and shear stress were observed in S=0, VD=50%, Q=5, 25 lit/se respectively. Froude number
decreased with increasing vegetation density at a constant inflow rate. Maximum Froude number was
seen in VD=0, Q=25 lit/se.
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1.  Introduction

Vegetation growth in the bed and walls of earthen channels is almost inevitable. Therefore, evaluating
flow hydraulic behavior considering different vegetation patterns is among the important issues in the
channel operation and protection. Studies have revealed vegetation reduces average flow velocity,
strengthens soil, increases soil shear strength and enhances channel wall and bed roughness. However,
changes in roughness and, consequently, behaviors such as sedimentation intensity are affected by flow
velocity and vegetation characteristics. Numerous researchers such as Xia and Nehal (2014), Bailly et
al. (2015), Panigrahi and Khatua (2015), Zhang et al. (2015), Errico et al. (2018) and Chiaradia et al.
(2019) have investigated the effect of bed vegetation on the flow hydraulic behavior and shown many
flow hydraulic parameters such as average longitudinal and depth velocity, shear stress, scour and
sedimentation are influenced by density, type and shape of vegetation. The present study aims to
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evaluate the effect of a wide range of inlet flow rates, vegetation density and land slope on the
parameters such as shear stress, roughness coefficient, longitudinal and depth velocity of flow and
Froude number, which could have significantly impact erosion and sedimentation processes in the
channel.

2. Materials and Methods

A laboratory trapezoidal flume with the length of 5 m, bottom width of 30 cm and top width and depth
of 50 cm which could change the bottom slope was used in order to evaluate the effect of the channel
bed vegetation on flow hydraulic parameters. The flume frame was metal and its wall and bed were
made of transparent plexiglass materials. The existing materials in the laboratory with the average
diameter of 4 mm were employed to cover the channel bed and wall. Furthermore, two mesh plexiglass
sheets and straw coverage embedded in the bed were applied to control flow velocity before entering
the flume. Then, a flexible and artificial fractional vegetation cover (FVC) with the height of 10 cm and
densities of 0, 20%, 30% and 50% was installed at the bottom of the channel along 3 m of the flume. In
each experiment, flow was generated after the vegetation was installed and evenly entered the flume
after passing through the soothing surface. Finally, it exited the end open valve of the flume after going
along the route. In total, 180 experiments were performed at five different inlet flow rates (5, 10, 15, 20
and 25 I/sec), three slopes (0, 0.5% and 1%) and four vegetation densities (0, 20%, 30% and 50%) at
three iterations. The flume length was divided into 10 sections with 30cm length and the flow velocity
at the end of each section was recorded by calculating the difference between dynamic and static
pressure inside the channel and pitot pipe at five different depths. The flow level was measured using a
level gauge with the accuracy of 0.1 mm in each section. Then, the bed shear stress, Manning’s
roughness coefficient and Froude number were calculated using the collected data through Egs. 1, 2
and 3.

To=PGRnSs 1)
. R0'667SO'5

n="— )
=7

k=15 (3)

Where p = bulk density (kg.m-3), g= gravity acceleration (m.s-2), Rj, = hydraulic radius (m), S¢ =
hydraulic gradient, . = shear stress (n.m-2), S= bed slop (m.m-1), D= hydraulic depth (m), V= flow
velocity (m.s-1).

3. Results

The results indicated that flow surface level increased with increasing the vegetation density and inlet
flow rate at constant slopes, the highest value of which (0.119 m) was observed at the flow rate of 25
(I/sec) and density of 50% under flat conditions. Moreover, the water surface level was examined at all
the slopes and densities, and the highest value was observed as the flow rate increased from 5 to 10
(I/sec), which ranged from the minimum of 12.34% at the density of 50% under flat conditions to the
maximum of 21.91% at the density of 20% under the same conditions. In the present study, longitudinal
velocity of the flow increased with increasing the slope and inlet flow rate at constant density, the
highest value of which (0.140 m/sec) was observed at the flow rate of 25 (I/sec) and slope of 1% under
non-vegetated conditions. Depth velocity of the flow decreased nonlinearly with increasing the
vegetation density. The highest depth velocity (0.86 m/sec) was observed at the flow rate of 25 (I/sec)
and slope of 1% under non-vegetated conditions at the depth of 2 cm below the water surface on
average. The highest reduction in shear stress (28.25%) was observed at the flow rate of 5 (I/sec) and
slope of 1% under 50% reduction in vegetation. Manning’s roughness coefficient decreased with
increasing the bed vegetation density at all the studied slopes, the highest value (0.0385) of which was
observed at the flow rate of 5 (I/sec) and 50% density under flat conditions. The Froude number of flow
decreased with increasing the vegetation density at a constant flow rate, so that the highest decrease in
Froude number (14.18%) was found at the flow rate of 25 (I/sec) with 50% reduction in vegetation
density under flat conditions.
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4. Discussion and Conclusion

Final results analysis showed that behavior of hydraulic parameters depends on the interaction between
inflow rate and slope and vegetation density. Water level and manning roughness coefficient increased
nonlinearly with increasing bed vegetation density at a constant inflow rate. Maximum water level and
roughness coefficient were observed in S=0, VD=50%, Q=25, 5 lit/se respectively. Also, with
increasing bed vegetation density at a constant inflow rate, deep velocity and shear stress decreased
nonlinearly and longitudinal velocity decreased linearly. Minimum longitudinal velocity and shear
stress were observed in S=0, VD=50%, Q=5, 25 lit/se respectively. Froude number decreased with
increasing vegetation density at a constant inflow rate. Maximum Froude number was seen in VD=0,
Q=25 lit/se.
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