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Vegetation patches in riverbeds create shear instability, leading to
the transfer of mass and momentum between different layers of
vegetation. The presence of vegetation reduces flow velocity,
narrows the river width, increases sedimentation in the riverbed,
and consequently decreases discharge. The study conducted
experiments in a straight rectangular channel measuring 14 meters
in length, 90 cm in width, and 60 cm in depth, with a constant flow
rate of 31.7 L/s. A 3D pool was constructed with a gravel bed and
rigid submerged vegetated elements of 12 cm height and 10 cm
diameter, with a fixed area density of 0.004 irregularly distributed
on the bedform. Velocity fluctuations were measured at 13 cross-
sections from the decelerating flow region to the accelerating flow
region with a spatial interval of 20 cm using a downward-looking
ADV device with a sampling frequency of 200 Hz over a 90-second
period. The research revealed that the maximum flow speed
occurred at y/h=0.52 for decelerating flow and at y/h=0.47 for
accelerating flow. However, the depth of validity of the logarithmic
law appeared to depend on the velocity profile measurement
location and the non-uniform distribution of submerged rigid
vegetated elements on the 3D bedform. Analysis of the velocity defect
law showed wake strength coefficients of [1=-2.8 and I1=-5 in the
decelerating and accelerating flow sections respectively. These
sections, in the presence of submerged rigid vegetated elements, can
impede flow, causing water to swirl and bend around them, leading
to increased vorticity generation and the formation of complex flow
patterns with rotating vortices. Turbulent intensities in the
accelerating flow section, both in the flow direction and
perpendicular to it, were consistently higher than those in the
decelerating flow section. This suggests that the flow in these areas
is significantly influenced by the presence of submerged rigid
vegetation, in addition to the effects of increased flow velocity and
favorable pressure gradient. Eddy patterns influenced by the 3D pool
and submerged rigid vegetation can have ecological implications,
creating micro-habitats with varying current velocities and turbidity
levels, impacting the distribution of aquatic organisms and overall
ecosystem health. Understanding these implications is crucial for
applications such as river restoration, habitat enhancement, and
water resource management.
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Extended Abstract

Introduction

The presence of vegetation in riverbeds and
banks has a significant impact on the
characteristics of water flow. It can enhance
the roughness of the flow path, reduce the
flow velocity, increase turbulence, reduce
erosion, and deepen the flow. Vegetation is
generally a key determinant of a river’s
hydraulic characteristics and can influence
the functioning of hydraulic structures along
its path. It's crucial to understand the
interplay between the sediment in the river
bed, the vegetation on the bedform, and the
non-uniform flow for studying sediment
transfer and friction coefficients. Despite
being commonly observed, accelerating and
decelerating currents in rivers are complex
phenomena that are not yet fully
comprehended. In the field of river
geomorphology research, vegetation has a
significant role. Numerous studies over the
past decade have focused on velocity profiles
and the characteristics of turbulent flow in
vegetated channels. The phenomenon of
maximum velocity occurring below the
water surface, known as dip, and the
nonlinear distribution of Reynolds stress are
attributed to secondary currents and
anisotropy in turbulence. Research findings
indicate that negative values in the Reynolds
stress distribution are found near the water
surface, while zero shear stress is found
below the water surface. Nezu and
Nakagawa (1993) demonstrated that the
negative Reynolds stress values near the
water surface are consistent with the fact
that du/dz is also negative in this region.
These negative values are likely linked to the
closeness to vegetation. Nosrati et al. (2021)
conducted an investigation into the velocity
profile at different intervals of a gravel bed
river in the presence of three-dimensional
bedforms, and scattered natural submerged
vegetation patches. The presence of these
patches causes the velocity profile to deviate
from its classical trend. There has been less
comparative research on flow turbulence
components in decelerating and accelerating
flow sections in the presence of submerged
rigid vegetated elements that are irregularly
and randomly distributed on the bed form.
To address this, a three-dimensional pool

with a grave bed has been used to simulate
sections of decelerating and accelerating
currents and rigid elements in a submerged
condition with random and scattered
distribution on the pool. Laboratory studies
can provide valuable insights about
turbulence components in gravel-bed rivers
in the presence of vegetated elements and
the three-dimensional pool. By recreating
natural river conditions in laboratory
flumes, researchers and hydraulic engineers
can describe various parameters such as
flow velocity, turbulence intensities, and
sediment transport patterns. However, it’s
important to note that while laboratory
studies can yield valuable results, they may
not fully replicate all aspects of natural river
systems. Therefore, field studies are also
necessary to validate laboratory findings
and ensure their applicability to real-world
conditions in natural rivers. The objective of
this manuscript is to explore the effects of
scattered and randomly distributed
submerged rigid vegetated elements on
turbulent flow characteristics, such as
velocity distribution, turbulence intensities,
and vorticity, in decelerating flow sections
compared with accelerating flow sections in
gravel channels.

Materials and Methods

The experiments were conducted in a
straight, rectangular channel with glass
walls. The channel, located in the hydraulic
laboratory of Iran University of Science and
Technology in Tehran, measures 14 meters
inlength, 90 cm in width, and 60 cm in depth.
A vertical rectangular gate at the channel’s
end was utilized to regulate the water level
throughout the experiment. The flow depth
was measured using a ruler with a 1 mm
increment. The gravel used in the
experiment had a mean diameter (dso) of 25
mm and a geometric standard deviation (o)
greater than 1.4, calculated as the square
root of the ratio of the diameters of sediment
particles smaller than 84% and 16% of the
particle diameter. To simulate rigid
submerged elements, plastic cylinders with
a diameter of 10 cm and an average height of
12 cm were used. A total of 162 such
elements were randomly distributed over an
area of 2.4 x 0.6 square meters, equating to
112 elements per square meter. However, in
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this study, the area density of vegetation was
kept constant at ¢=0.004. A straight three-
dimensional pool with inlet and outlet slopes
of 10.75 and 7.96 degrees, respectively, was
made to create a non-uniform decelerating
and accelerating flow. These slopes were
based on field observations in the Padena
Marbor River. The 3D pool was placed more
than 5 meters from the start of the
experimental flume to ensure flow
development and more than 2 meters from
the end of the channel to prevent the end
valve of the flume from affecting the velocity
distribution. Velocity measurements began
20 cm above the 3D pool and continued in
20 cm increments to 20 cm from the pool’s
end downstream. Thirteen velocity profiles
were taken along the channel’s central line.
Two cross-sections at X/L=0.36 and
X/L=0.71 were used in the decelerating and
accelerating flow sections, respectively,
where X and L represent the distance from
the pool’s start and the pool’s length. About
33 velocity measurement points were taken
in each section, starting from 4 mm from the
bed bottom and up to 5 cm below the water
level. An Acoustic Doppler Velocimeter
(ADV) was used to measure instantaneous
velocities at a frequency of 200 Hz and a
sampling time of 90 seconds. The Nortek
vectrino, with a frequency of 10 MHz, an
accuracy of +1 mm/s, and a sampling volume
with a height of 5.5 mm, was used. The data
captured by the ADV were analyzed using
WinADV package, a Windows-based
preprocessor and viewing tool for ADV files.
This package provides signal quality
information in the form of a correlation
coefficient (COR) and signal-to-noise ratio
(SNR). As a general rule, instantaneous
velocity data affected by acoustic noise,
indicated by a COR not exceeding 70% and
an SNR less than 5 dB, should be discarded.
To avoid possible matching effects, data with
an SNR less than 15 dB and a COR less than
70% were filtered. For each measurement
point, 18,000 instantaneous velocity
measurements were obtained over a 90-
second data collection duration, with a
sampling frequency of 200 Hz.

Findings

Throughout the experiment, the flow rate
remained steady at 31.7 liters per second. As
per Table 1, the flow is sub-critical and
entirely turbulent. The non-uniformity
coefficient 3, according to this table and the
computed values, is mostly greater than -1 in
decelerating flow sections and less than -1 in
accelerating flow sections. However, in
certain sections, such as (X/L=0.21) and
(X/L=0.79), the non-uniformity coefficient 3
contradicts the findings of Graff and
Altinakar (1998). It's worth noting that their
results were obtained without the presence
of vegetative elements. Figures 3 and 4 show
that the maximum flow velocity occurs at
y/h=0.52 for decelerating flow and at
y/h=0.47 for accelerating flow. This
phenomenon, known as the dip
phenomenon, is due to the impact of
secondary currents. These currents, caused
by turbulence anisotropy resulting from
sparse area vegetation and a low aspect
ratio, alter the position of u. in the velocity
distribution. The Log-wake law investigation
in this study indicates I1 values of -2.8 and -5
in decelerating and accelerating flow
sections, respectively. For the decelerating
flow section with an aspect ratio B/h<5, the
vorticity value decreases up to a relative
water depth of y/h=0.09, then increases
again until a relative depth of 0.52, and
finally decreases nearly to the water level. In
contrast, Figure 8 shows that for the
accelerating flow section, the vorticity
remains almost constant up to a relative
water depth of y/h=0.44. Due to the
irregular distribution of rigid vegetated
elements, it sharply decreases to a relative
depth of 0.52 and then rises again towards
the water surface in a convex shape.
However, decelerating and accelerating flow
sections in a three-dimensional pool with
submerged rigid vegetated elements can act
as flow obstructions, causing the water to
curve and rotate around them. This can lead
to increased vorticity generation and more
complex flow patterns with swirling vortices
and turbulence. Moreover, the distribution
of disturbance intensities in the flow
direction and perpendicular to the flow in
decelerating and accelerating flow sections
with rigid submerged elements suggests a
convex form in the flow direction and a
concave form perpendicular to the flow.
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However, in the accelerating flow section,
the intensity distribution has changed to a
convex form in  both directions.
Consequently, it appears that the turbulent
intensities in the accelerating flow section,
both in the flow direction and perpendicular
to it, are consistently higher than the
corresponding values in the decelerating
flow section.

Conclusion

This study aims to analyze the
characteristics of turbulent flow, such as
velocity distribution, the log-wake law,
vorticity, and turbulence intensities in
sections of decelerating and accelerating
currents in the presence of rigid submerged
vegetation. A three-dimensional pool with a
gravel bed in a laboratory flume was utilized
for this purpose. The findings of this
research revealed that:

e The peak flow velocity was observed
at y/h=0.52 for decelerating flow
and at y/h=0.47 for accelerating
flow. This suggests that the depth of
validity of the logarithmic law is
dependent on the measurement
position of the velocity profile and
the non-uniform distribution of rigid
submerged vegetation in the three-
dimensional pool.

o The log-wake law examination
showed that the wake strength
coefficient rise function in the
decelerating and accelerating flow
sections under experimental
conditions had values of [1=-2.8 and
[1=-5.

e Longitudinal vorticities are formed
due to the transverse imbalance of
turbulent stresses caused by positive
and negative pressure gradients in
the presence of an irregular
distribution of rigid submerged
elements. These vorticities are
stretched and mixed in transverse
directions, leading to the formation
of large secondary currents. Sections
of decelerating and accelerating
currents in a three-dimensional pool
with submerged rigid elements can
obstruct the flow, causing the water
to bend and rotate around them. This

can result in increased vorticity
generation and more complex flow
patterns with rotating vortices and
turbulence.

e Turbulence intensity in channels
with rigid submerged vegetation is a
measure of the flow velocity
fluctuations caused by turbulence in
these channels. It appears that the
turbulence intensities in the section
of the accelerating flow in the
direction of the flow and
perpendicular to the flow are
consistently  higher than the
corresponding values in the section
of the decelerating flow. However,
vertical momentum exchange has
been observed in the upper part of
the rigid submerged vegetation in
the section of the decelerating flow
in the streamwise direction. It is
possible that in these sections of the
flow, the presence of rigid
submerged vegetation is
significantly influenced by the effect
of increasing flow velocity and a
favorable pressure gradient.
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