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Abstract

Midchannel islands (MCIs) are instream geomorphic units generally emerge in lowland rivers. Despite their significant
ecomorphological services in the river ecosystem, the flow patterns around these self-forming riparian landforms and their impacts on
aquatic life are not fully understood yet. Understanding the flow pattern around these formations enables practitioners to produce cost-
effective, sustainable, and eco-friendly river management projects and strategies, forming the motivation of this study. Herein, the
secondary flow pattern around MCls was analyzed by employing a RANS-based numerical model. Flow around the simplified bodies
was simulated to give a more precise analysis regarding flow-island interactions. Once the numerical validation process was completed
for the cylinder using an experimental dataset, the validated model was implemented for islands (streamlined island, vertically sloped
island (VSI), and realistically sloped island (RSI)). Analysis of the model results revealed the following key findings: 1) the RSI acted
like a streamlined object and produced weaker lee-wake vortices with a longer recovery distance compared to the streamlined island
and the VSI, 2) the RSI gained a better-streamlined form near the bed than near the water surface due to enhanced elongation, 3) this
situation in the RSI case generated highly variable flow patterns along the depth behind the MCI, and 4) due to the three-dimensional
geometry of the RSI, the generated large-scale vortices propagated asymmetrically towards the sides of the channel rather than

remaining around the centerline.
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Introduction

Midchannel islands (MCI) are bar formations stabilized
by vegetation colonization that emerge in active river
corridors. These geomorphic units usually arise near the
lowland zones of basins due to a decrease in sediment
size, channel bottom slope, and bed shear stresses in the
streamwise direction. Under the cycle of discharge and
sediment flux fluctuations, these self-forming units may
be capable of altering riverine morphology and ecology
on long-time scales (Heidari et al., 2021) with their
ecological services. Midchannel islands significantly
impact flow variability and channel geomorphology in
river corridors. Biodiversity and ecological integrity can
be enhanced more rapidly by flow variability in natural
rivers (Lloyd et al., 2003; Poff and Zimmerman, 2010).
Nutrient dynamics increases by vertical exchange of
surface—subsurface water (Maazouzi et al., 2012) in the
wake region of midchannel islands. Moreover, the wetted
area of the hyporheic zone increases due to rising water
depths and reduced velocity and turbulence in the
upstream area of the island, which leads to improved
aquatic life and water quality (Heidari, 2021).

Enhancing the flow efficiency and maintaining the
secondary channels by midchannel islands lead to

significant effect on the river reach in longer distances
(Leli and Stevaux, 2021). A better understanding of the
hydrodynamics around a midchannel island, which plays
a crucial role in bilateral interaction between flow-
vegetation-sediment, helps practitioners to produce cost-
effective, sustainable river management projects. More
specifically, investigating the flow patterns around an
island helps to realize their impacts on sedimentation and
morphological processes.

The island's presence generally increases hydraulic
resistance in the active channel (Gurnell and Petts, 2002;
Wilson et al., 2006). The formation of midchannel islands
can be either deposition-based or erosion-based. In
deposition-based cases, they emerge downstream of in-
stream vegetation or colonizing saplings with enough
cohesion with river bed depositions. In the latter case, the
island can be excised from a continuous floodplain
(Nanson and Knighton, 1996; Tooth and Nanson, 1999).
Instream processes, which are driven by reciprocal
dynamic relationships between river components, and
offstream processes have been studied by several
reserachers (e.g., Latrubesse and Stevaux, 2015; Leli,
2018; Leli et al., 2020). Edwards et al. (1999) pointed out
that the incipience of midchannel islands remarkably
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depends on large woody debris, providing an excellent
condition for rapid plant colonization and entrapment of
organic and inorganic matter. The island erosion in high
flows can lay the groundwork for the initiation of other
pioneer islands in the river corridor, and uprooted plants
by major floods can regrow on new bars (Edwards et al.,
1999; Kollmann et al., 1999). The development of pioneer
islands is associated with flow regimes and sedimentation
rates (Gurnell and Petts, 2002). The sedimentation rate is
highly influenced by vegetation density, plant size, and
the number of stems (Thornton et al., 1997; Francis et al.,
2006). However, according to Francis et al. (2006), there
is a lack of consistent patterns for the impact of vegetation
type and species on sediment caliber.

The field experience documented by Callow and Smettem
(2007) is a good example of demonstrating vegetation's
formative role in river eco-morphology. With their long-
term reflections on river morphology, these plants can be
regarded as ecological engineers (Schoelynck et al.,
2012). In the laterally unconfined river reaches with non-
cohesive material (Murray and Paola, 1994; Brierley and
Fryirs, 2005), flow can freely modify the spatial planform
pattern of the channel. In such reaches, the excess scour
in flow convergence leads to transportation of the load and
its deposition in the downstream area of flow divergence,
which induces the initiation of midchannel bars (Murray
and Paola, 1994; Ashworth et al., 2000). Subsequently,
the flow variables govern the emergence of riparian
vegetation (Poff et al.,1997), and vegetation assists the bar
stabilization (Leopold and Wolman, 1957; Eekhout et al.,
2013; Li et al., 2014) by depositional processes (Yagci et
al., 2016; and Yagci et al.,, 2017). The asymmetric
geometry of the midchannel island leads to deflection of
the flow to one side of the downstream zone (Nicholas and
Sambrook-Smith, 1999), which changes the channel
planform. Moreover, the flood sequences change the
braided channel's morphology because midchannel
islands bring about channel narrowing and incision
(Knighton, 1972; Surian and Rinaldi, 2004; Luchi et al.,
2010).

Evaluating the streamwise velocity enables estimating the
sediment transport capacity, which helps to predict the
channel morphodynamics. The cause of channel
adjustments, where midchannel islands exist, is changing
sediment fluxes by instream formations and vegetation
density. Vegetation reduces the sediment yield and
stabilizes the riverbanks consistently, leading to long-
term meander development (Carson, 1984; Leigh, 2006).
Hook (1986) compared meandering rivers and showed
that midchannel bars increase the curve of meander bends
by causing sediment redistribution and channel shifting.
Meandering rivers' morphodynamics is mainly controlled
by erosion processes and secondary flow effects
downstream of the curves (Keylock et al., 2012).

Knowledge about the intertwined interaction between
flow and sediment around a vegetated patch constitutes
important background in understanding pioneer islands'
development/expansion process (Gurnell et al., 2012).
When a pioneer island triggers the hydraulic disturbance,
the island expansion occurs due to the emerging

secondary flow (Tooth and Nanson, 1999). Accordingly,
as the size of the pioneer island increases, the wake zone
becomes larger, and the deposition/erosion processes
bring about habitat heterogeneity in the downstream
region of the island. The significant role of
instream/riparian vegetation in transforming river systems
from braided to a single thread is a well-documented fact
based on experimental (Tal and Paola, 2007) and field
(Gurnell et al., 2012) observations. Therefore, the flow
around the emergent vegetation received great attention in
recent decades (e.g., Nepf, 1999; Bennett et al., 2008;
Euler et al., 2014; Kitsikoudis et al., 2016; Kim et al.,
2018; Kitsikoudis et al., 2020).

The recirculation zones forming in natural river corridors
are influential factors in trapping nutrients/micro-
organisms (Guo et al., 2020; Yagci and Strom, 2022). In
line with this vision, some researchers have gone beyond
the patch scale analysis and investigated the island
dynamics as a solid body exposed to the flow by
conducting both experimental and numerical models (e.g.,
Lloyd and Stansby, 1997a; Lloyd and Stansby, 1997b;
Ouro. et al., 2017), in which the island geometry was
simplified/reduced to a conical body. However, many
questions regarding the flow patterns around the realistic
geometry of a midchannel island remained unanswered.
When the midchannel formations become stabilized by
vegetation (Leopold and Wolman, 1957; Yagci and
Strom, 2022), the secondary flows bring about bar
elongation (Ashworth, 1996; Wintenberger, 2015) and
asymmetrical growth (Ashmore, 1993). Changing the
planform of the obstacle from circular to elongated one
modifies the flow characteristics and scour mechanism
(Chang et al., 2013b; Kitsikoudis et al., 2017). According
to Chang et al. (2013b), elongation weakens the horseshoe
vortex and triggers more streamlined separated shear
layers near the bed.

This study is a continuation of the study by Heidari et al.
(2021), which aimed to investigate the influence of MCI
on river morphology. Differing from our previous study,
i.e., Heidari et al. (2021), in this study, we aim to
investigate the impact of an isolated midchannel island on
the flow domain and its probable consequences on aquatic
life. A Reynolds-Averaged Navier Stokes (RANS) based
numerical model was used to attain this objective. In order
to analyze the flow pattern around the midchannel island,
flow around the simplified obstacles (i.e., 2D bodies) was
firstly investigated. These obstacles included emergent
circular cylinders, streamlined and vertical-sloped islands
(VSI). To increase the reliability of the results, first, the
analysis was done for a circular cylinder due to the
availability of the experimental dataset. Then the
planform of the obstacle was altered to form an island by
a transition from a streamlined object, which is a well-
known hydrodynamic form in literature. Finally, based on
the knowledge obtained from these 2D bodies from the
same numerical domain, the influence of realistic-sloped
islands (RSI) on flow patterns was discussed in detail.
This type of multi-staged approximation allowed us to
identify the role of morphometric features of the RSI on
the observed flow pattern. The present study explores the
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following research questions within an ecohydrological
context:

1) First, the influence of the three-dimensional geometry
of a midchannel island on the structure of generated
lee-wake vortices is investigated, considering the
perturbative role of lee-wake vortices in the planform
of a river reach (i.e., helical flow structure,
meandering process).

2) Second, considering that large-scale secondary flow
patterns (e.g., LSCRVs) may generate upwelling or
downwelling processes, it is imperative to study the
effect of a midchannel island's three-dimensionality
on the vertical momentum transfer in its wake region.

3) Third, it is important to explore the impact of a
midchannel island's three-dimensional geometry on
boundary layer separation processes and bed shear
stresses around it, given that flow patterns generated
near the bed may control riverbed morphology,
vegetation distribution, and fish spawning processes.
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Methodology

Flow 3D is a numerical tool allowing the development of
an insight into the role of geometrical features of the
island-like obstacle on generated flow patterns. The
RANS model was calibrated accurately for an emergent
circular cylinder initially based on an experimental
dataset produced by Kitsikoudis et al. (2016). The
experimental and numerical data comparison is given
below in the sub-section of "2.2 Model Validation". Later,
the initial and boundary conditions of the calibrated model
were kept constant, and the emergent circular cylinder
was replaced with other obstacles to build knowledge
regarding the role of geometrical components (e.g., the
role of streamlining, the frontal, and side slopes) and the
produced flow patterns. The geometric features of the
examined obstacles are given in Figure 1, and the reason
behind their selection is summarized in Table 1.

(b)

16 cm

55 em

Fig. 1. The geometry of the a) Cylinder, b) Streamlined Island, c) Vertical-Sloped Island (VSI), and d) Realistic-Sloped

Island (RSI).

Satellite views belonging to the Maritsa basin were
utilized to choose the island-like geometry. A
characteristic island from the community of MClIs was
chosen as a geomorphological feature representative of

island-like geometries (Figure 2). Subsequently, the
morphometric ratios belonging to the planform view of
this island were used in the models of VSI and RSI.
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Table 1. The numerical scenarios examined in the study.

Obstacle

Objective

Cylinder

Reference case (validated by experimental dataset). Since the flow around an
emergent cylinder is a well-known case in the pertinent literature, this body was taken
as the reference case. The calibration of the numerical model was carried out for this
reference case based on the experimental dataset produced by Kitsikoudis et al.
(2016).

Streamlined Island

Quasi-reference case: The flow around this form of obstacle is known in the literature.
The projection area against the flow was kept constant. A half-cylinder, which has an
identical diameter with the aforementioned reference case, was placed in front of it. The
main idea behind this approximation was to make a direct comparison with cylinder,
and to observe the consequences of streamlining effect on the flow structure.

Vertical-Sloped Island
(VSI)

The simplified form of target case, i.e., island-like obstacle: The 2D form of the
island with vertical face was exposed to identical flow conditions. In this way, only the
role of island planform on the flow domain was investigated, and the influence of slopes
was excluded. Such a decomposition enabled us to understand the significance of the
"island planform™ and "the surrounding slopes” on the observed flow field separately.

Realistic-Sloped Island
(RSI)

The target case, i.e., island-like obstacle: The flow field around the island-like
obstacle was investigated. Differing from the previous case, the sloped surrounding
walls were also included in the simulations. It was thought that the differences in
numerical outcomes between the previous case and this case were basically due to the

sloped walls around the island.

Maritsa River Basin
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Fig. 2. The plan view of the selected MCI in Maritsa Basin: a) the drainage pattern and distribution of altitude of Maritsa
basin, b) river reach which accommodates a family of islands, c) close-up view of the selected MCls.

The numerical simulations were conducted in a
rectangular flume with 6 m length, 1 m width, and 0.35 m
depth. These dimensions were chosen to be compatible
with the experimental dataset used for the calibration.
Initial fluid elevation in the flume inlet was 0.31 m, the
same as the experiments. The aforementioned four
emergent obstacles (i.e., cylinder, streamlined island,
VSiI, and RSI) were exposed to identical flow conditions
during the numerical simulations. For all scenarios, the
projected area was the same, and the RSI case's blockage
ratio matched the obstacles with vertical walls. The side
and front slopes of the RSI were 1V/2H, and the lee-side

slope was 1V/3H; herein, V and H denote vertical and
horizontal distances, respectively. A mesh grid was
utilized by employing the nested grid approach. The
nested grid was applied to the domain where the flow
patterns emerged, and the convective
acceleration/deceleration was pronounced. The model
characteristics and boundary conditions were prepared
based on the study by Aksel et al. (2021), which includes
all the authors of this paper, and the cylinder case was
verified with an experimental study by Kitsikoudis et al.
(2016). Further details about the model are given below.
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Hydrodynamic model

Numerical simulations were carried out by using flow-3D
software based on Reynolds-Averaged Navier-Stokes
(RANS) equations, including (1) the law of conversation
of mass for an incompressible fluid:

= (udy) + ;—y (vAy) + o (wA,) =0 (Eq.1)

and (2) the Navier—Stokes momentum equations for an
incompressible fluid:

ou 1 du du ou) _ _1dp
o {ua, 2 +va, WA, 2 = SPLE
ov 1 v v ov) _ _la_p
at + Vg {qu ox + VAy dy + WAZ az} - p oy y
ow 1 ow ow ow) _ _la_p
E+V—F{qua+UAyE+WAZE}— sz+FZ+
G,
(Eq.2)

where u, v, and w are the fluid velocity components along
X, Yy, and z, respectively, Vg is the fractional volume open
to flow, p is the fluid density, Ay, Ay, and A; indicate the
fractional area open to flow in x, y, and z directions,
respectively, Fy, Fy, and F; are the viscous accelerations,
and G; is the gravitational acceleration (Flowscience,
2019). Different turbulence models (i.e., k-epsilon, k-m,
Renormalized Group, RNG) were tested during the
calibration stage. The comparisons between model
outputs and the experimental data revealed that the k-
turbulence model exhibited significantly higher
performance than the other turbulence models.
Furthermore, the higher efficiency of the k-o closure
model in simulating boundary layer separation was also
previously experienced by Roulund et al., 2005, Baykal et
al., 2015, and Larsen et al., 2016. In light of these facts,
k-o turbulence closure was used throughout the
modelling study. In defining the boundary conditions,
side channels were represented as smooth walls in the
model, like the experiments by Kitsikoudis et al. (2016).
Furthermore, the upside boundary condition was selected
as a pressure-type boundary condition. The relative
pressure was defined as zero here. For the inlet boundary
condition, the velocity at the channel entrance was set to
0.33 m/s. Reynolds number was 52800, implying that the
boundary layer around the cylinder was laminar and the
flow was fully turbulent in the wake region (Sumer and
Fredsee, 1997). The water level was set to 0.31 m, which
was the case in the experiments by Kitsikoudis et al.
(2016). Constant water levels were defined both for the
inlet and outlet conditions. The applied mesh number was
1050000 for all the obstacles, and nesting was applied
around each obstruction. Mesh sensitivity tests were
applied before starting the simulations, and it was seen
that the model outputs were independent of the applied
mesh number.

Model validation

As stated above, the numerical reference model, which
simulates flow around a circular cylinder, was previously
calibrated by Aksel et al. (2021). In their model

validation, Aksel et al. (2021) compared their numerical
outputs with experimental data produced by Kitsikoudis
etal. (2016). Later, they extended their numerical analysis
for the case of flow around a pile located on the scoured
bottom, differing from this study. They compared 13
vertical and 11 horizontal experimental profiles of flow
variables (i.e., time-averaged mean flow, turbulence
intensities, and turbulence Kinetic energies) with
numerical model outputs (Figure 4 and 6 in Aksel et al.,
2021). The comparisons indicated that the numerical
model produces results in harmony with the experimental
measurements. For the sake of simplicity, the same
comparison was presented here in a different way in
Figures 3 and 4 and discussed in the next paragraph.

Generally speaking, for a numerical model simulating the
flow around a body, the representation of vortices in the
wake region with an acceptable accuracy can be seen as a
sign of the model's success to a certain extent. In this
context, the plan view of time-averaged streamwise
velocity and the lateral turbulence intensity patterns at
specific water levels were comparatively presented in
Figures 3 and 4, respectively. The main idea behind
comparing normalized lateral turbulence intensities in
Figure 4 was that this turbulence statistic is a good
indicator to compare the pairs of vortices generated in the
experimental and numerical flumes. It should also be
considered that the separation-induced vortex shedding in
the wake region triggers the periodical formation of
pronounced oscillation in lateral velocity and thus
augments the lateral turbulence intensity. According to
Figures 3 and 4, it can be stated that the numerical model
yields result in harmony with the experimental data.
Further comparison of the numerical data with the
experimental measurements can be obtained in Aksel et
al. (2021).

As long as the initial/boundary conditions were kept
constant, alterations of the geometrical features of the
bodies in a numerical model have a limited influence on
the model validation. From this motivation, once the
numerical model was validated for the obstacle of the
emergent circular cylinder, the initial and boundary
conditions were kept unchanged. Afterward, the cylinder
body was transformed into the examined other three
forms, i.e., streamlined island, VSI, and RSI. It might be
argued that the absence of a dataset to calibrate all these
three cases can be seen as a limitation for the study, which
appears to be a legitimate observation upon initial
examination. However, it is important to consider that the
primary aim of the study was not to quantitatively assess
the kinematic variables with a high level of accuracy.
Hence it is more appropriate to prioritize the analysis of
flow patterns rather than the specific numerical values
derived from the model. In this study, the primary
objective was to undertake a comparative examination of
the flow patterns surrounding the objects, rather of just
focusing on the numerical values of the physical variables
(such as turbulence kinetic energy or vorticity) produced
as outputs from the applied model. Therefore, it was
postulated that this evaluation would generate a
satisfactory degree of precision for the stated aims of the
study.
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Fig. 3. The comparison of horizontal distributions of time-averaged normalized streamwise velocity, #/U,,, between
experimental (Kitsikoudis et al., 2016) and the numerical data for the emergent circular cylinder case. The comparison
was fulfilled for the water level of z/H=0.4. The values located on the probe layout given in Kitsikoudis et al. (2016) were
employed during this comparison. The lateral profiles which constitute the contour plots can be found in detail in Aksel

et al. (2021).
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Fig. 4. The comparison of horizontal distributions of time-averaged normalized lateral turbulence intensity, v,,,;/U32,
between experimental (Kitsikoudis et al., 2016) and the numerical data for the emergent circular cylinder case. The
comparison was fulfilled for the water level of z/H=0.4. During this comparison, the values located on the probe layout
given in Kitsikoudis et al. (2016) were employed. The lateral profiles which constitute the contour plots can be found in

detail in Aksel et al. (2021).
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Results
Analysis of streamwise velocity

Time-averaged streamwise velocity patterns offer clues
regarding the spatial distribution and strength of energetic
events (e.g., lee-wake vortices), which arise from
produced flow patterns. The contour plots of the time-
averaged normalized streamwise velocity in the vertical
plane along the flume centerline and the middle of the
contraction region (i.e., the region between the obstacle
and channel wall) are presented in Figure 5. It is
discernible that the cylinder and VSI acted against the
flow similarly in terms of producing severe vortex-
induced deceleration zones behind themselves. In the
wake region, a severe deceleration zone indicates the
occurrence of a strong shear layer behind the body. Hence,
the flow recovered quickly for the cylinder and VSI cases
because of strong lateral momentum transfer (Figure 5).

The deceleration zones that form behind the obstacles
were uniformly distributed along the depth for these two
cases except near the bed.

On the other hand, the velocity patterns in the recovery
region of the streamlined island and RSI were quite
similar. Therefore, the gradual recovery observed behind
these bodies can be regarded as the natural consequence
of relatively weaker vortices that take place behind these
obstructions. The similarity between streamlined island
and RSI, in a way, confirmed that RSI is a kind of
streamlined obstacle. In other words, RSI became more
streamlined than VSI along with the depth due to its
elongation by the lee-side slope, which is the consequence
of the natural self-streamlining mechanism. Therefore, the
elongated tail of the RSI leads to its resemblance to the
streamlined island case in this study.

wu, TN Il

€K

(al) -04-02 0 02 04 06 08 1

1
=
0 4 0

8 12 : 16 ' 20
x/D,

4

(a2)

(b1)

1
=!Jl
S

0 4 ] 0

(b2)
1

' 12 16 ] 20

x/D,

3

4 0 4

x/D,

Fig. 5. The contour plots of the time-averaged normalized streamwise velocity, /U, in the vertical plane along the
flume centerline (the subplots with the index 1) and along the middle of the contraction region, which is the region
between the obstacle and channel wall (the subplots end with the index 2) for the obstacles a) cylinder, b) streamlined
island, ¢) VSI, and d) RSI. The flow direction is from left to right for all subfigures.
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Differing from the time-averaged kinematic variables,
instantaneous velocity patterns exhibited temporally
varying characters and presented clearer findings about
the flow patterns in the wake region. From this
perspective, in Figure 6, the instantaneous normalized
streamwise velocities are presented in plan-view for the
examined four characteristic obstacles. It is a fact from the
literature that even two-dimensional bodies generate
three-dimensional flow patterns in their wake region
when they are exposed to flow. In other words, rear such
2D obstacles, the flow patterns near the bed and near the

surface exhibit different characteristics. It should be noted
that because of the three-dimensional geometry of RSI,
this situation, i.e., variability of secondary flow pattern in
the wake region along the depth, is expected to be more
pronounced. According to this variability, instantaneous
velocity patterns are presented in the wake region of RSI
for both near the bottom (i.e., 5 cm away from the bed)
and near the surface (i.e., 27 cm away from the bed). All
the contour plots but RSI were prepared for the altitude of
27 c¢m, i.e., z/H=0.87, where z and H denote the altitude
of the numerical probes and water depth, respectively.

U/uw -08-04-02 0 02 04 06 08 1 12 14
&
-
(©
e
-
(d)
o
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& ) z=27cm
-{ X
N z=5cm

Fig. 6. Contour plots of instantaneous normalized streamwise velocities, u/U,, at the horizontal plane for the obstacles
a) cylinder, b) streamlined island, c) VSI, d) RSI at the elevation of z=27 cm, and e) RSI at the elevation of z=5 cm.
Subfigure f shows the elevations. The flow direction is from left to right for all subfigures.

were highly correlated with the forms of the obstacles. For

The flow patterns (i.e., the red and green colors of the
instance, while the cylinder produced circular-shaped

contour plots in Figure 6) that form behind the bodies
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secondary flow patterns, the streamlined island produced
streamlined-like vortex-induced flow patterns. Among the
others, the form of the streamlined island (Figure 6b)
exhibited more hydrodynamic behavior against the flow
than the other bodies. Due to the asymmetrical planform
of the VSI and RSI cases (Figures 6¢-6d), the large-scale
von Karman vortex street gained more elongated and
disorganized patterns compared to the cylinder case
(Figure 6a). These complicated flow patterns observed in
the wake region were attributed to the sharper angles at
the edges of VSI and RSI, considering such unrounded
bends are highly effective in terms of generating strong
separation around the body.

Figures 6d and 6e show that the secondary flow structure
was quite different for the RSI case due to this obstacle's
vertically variable plan view. In the wake region, while
well-defined pairs of vortices took place near the surface
(Figure 6d), RSI acted against flow more like a
streamlined body near the bed. The physical explanation
behind this behavior can be the superposed impact of bed
roughness and the RSI plan view elongation near the bed.
More specifically, an increase in the turbulence near the
bottom due to the bed roughness leads to a delay in
separation, which is a well-documented fact for
cylindrical obstacles (Sumer and Fredsee, 1997). Besides,
the combined impact of elongated cross-section near the
bottom and inclined frontal slope of RSI provided a better
hydrodynamic form to this obstacle which was similarly
seen in the studies by Majd et al. (2016) and Kitsikoudis
etal. (2017).

The propagation of the produced lee-wake vortices
exhibited a quite dispersive character for RSI. Moreover,
differing from the cylinder, for the RSI case, the separated
vortices propagated asymmetrically towards the sides of
the channel rather than remaining around the centerline of
the flume. Therefore, in the downstream region of the RSI
case, particularly at the sides of the channel, the velocities
were dramatically different from each other.

Figure 7 shows the contour plots of the instantaneous
normalized streamwise velocity patterns in the vertical
plane along the flume centerline. Resultant vectors are
also presented in the same figure to make the analysis
more efficient. In these charts, sudden deceleration zones
observed behind the bodies can be regarded as the natural
outcome of intensive lee-wake vortices and turbulence-
induced energy dissipation. While the form of the
streamlined island produced a vertically identical velocity
pattern, the flow structure behind the cylinder was highly
variable along the depth. As can be seen in Figure 7a, due
to the bed-generated flow turbulence, the onset of
separation was delayed around the cylinder near the
bottom. This implies a narrower wake region near the
bottom than the near-surface for the cylinder case. This
situation holds true for the VSI and RSI as well. The time-
averaged streamwise velocity patterns presented in Figure

5 indicate a similar outcome. Therefore, in line with the
previous studies (Roulund et al., 2005; Baykal et al.,
2015; Ouro etal., 2017; Aksel et al., 2021), for these cases
(cylinder, VSI, and RSI), the lee-wake vortices in the
lower part of the obstacle were weaker than the upper part.
Consequently, a quick recovery zone was observed near
the bottom of the cylinder case.

As a result of its asymmetrical planform and the presence
of unrounded bends on VSI, an intensive lee-wake vortex
was detected behind this obstruction (Figure 7c). This
situation is evident between 1.5-3.0 D¢, where D, denotes
the diameter of the cylinder. As stated previously, RSI
produced vertically variable instantaneous streamwise
velocity along the depth. Towards the depth, RSI gained
a better hydrodynamic form against the incoming flow.
More specifically, the planform view of the RSI near the
bottom becomes more elongated (longer distance to
generate a well-developed boundary layer) compared to
the surface part of the RSI. This basic fact makes the flow
kinematics highly variable around RSI along the depth.
Also, a stronger contraction effect near the bottom (i.e.,
acceleration of flow and enhanced turbulence) at both
sides of the obstacle is expected due to the enlargement of
the cross-section.

Additionally, as in the cylinder case, presumably
enhanced turbulence caused a delay in the onset of
separation around the RSI near the bottom zone.
Therefore, in the wake region of RSI, the strength of lee-
wake vortices became weaker near the bed (Figure 5d1
and 5d2). The time-averaged streamwise velocity patterns
for RSI show the same situation above (Figures 5d1 and
5d2). In other words, lee-wake vortices in the lower part
of the RSI were weaker than in the upper part.

The difference between streamwise velocities of the
contraction region (Uc) and wake region (Uy) induces a
shear layer. The stronger shear brings the powerful lateral
momentum transfer in the wake-field. Figure 8al displays
the values of normalized streamwise velocity differences
between contraction and wake region near the water
surface (z=27 cm) in the vertical plane. Figure 8a2 shows
the normalized streamwise velocity along the flume
centerline at the same water level. The horizontal lines on
both figures represent the length of obstacles on the
channel bottom, and the inset figures show the side-view
of the objects along the centerline. Streamwise velocities
in the contraction and wake region of all examined
obstacles were identical for the undisturbed flow on the
upstream side. However, they exhibited different behavior
in the wake zone because of the obstacle. Since the
cylinder is not a streamlined object and can generate an
adverse pressure gradient, there is severe deceleration
behind it (Figure8a2). Figure 8 bl-b4 illustrates the
relative locations of the velocities obtained relative to the
obstacle, which allows assessing how fast the flow is
recovering to the ambient flow.
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Consequently, quicker recovery was detected for the
cylinder compared to the other examined obstacles due to
stark shear-induced lateral momentum transfer (Figure
8al). Also, the VSI produced a strong shear layer in its
wake, like the cylinder, which recovered fast (Figure 8al).
The deceleration behind the VSI was pronounced, but it
was less stark in comparison with the cylinder due to the
body elongation (Figure 8a2). On the other hand, the
streamlined island produced the weakest lateral
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momentum transfer due to a weaker shear layer (Figure
8al), and its recovery was gradual (Figure 8a2). Figure
8al revealed a different pattern for the RSI case because
of its slopes. It was seen that the value was growing
stronger in the tail of the RSI, and it had a sudden decrease
right after that. Nevertheless, in Figure 8a2, the flow
deceleration recovery was gradually similar to the
streamlined island in the RSI downstream.
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Analysis of lateral turbulence intensity

It is obvious that the lateral turbulence intensity decreased
in the region away from the bed. The pattern of this
change depends on the form of the obstacle and the
strength of the generated lee-wake vortices. However,
towards the bed, the horseshoe vortex becomes an
influential secondary flow structure in addition to lee-
wake vortices that form around the bed. Therefore, the
observed lateral intensity was the combined impact of
these two energetic flow patterns, i.e., lee-wake vortices
and horseshoe vortex. Hence, lateral turbulence intensity
is a good indicator to quantify the strength of the
generated pairs of vortices in the wake region. Based on
this fact, Figure 9 shows the contour plots of the lateral
turbulence intensity patterns in the vertical plane along the
flume centerline.

It can be concluded that the behavior of the cylinder and
VSI were similar to each other in terms of the strength of
the produced vortices. Both of these obstacles (i.e.,
cylinder and VSI) generated severe vortices behind
themselves. The presence of the stark vortices brought
about shorter recovery distances for the cases of cylinder
and VSI. Differing from these two cases, the recovery
distances were markedly longer for streamlined island and
RSI cases due to the absence of severe lee-wake vortices.
This outcome also verifies that RSI is a streamlined
obstacle form.

Boundary layer separation controls the flow pattern
observed in the wake region of an obstacle. For a given
Reynolds number, the body's geometry and the
stagnation/depression levels at the front/rear sides of the
body largely determine the development of this
fundamental process. For the cylinder, the geometry
greatly dictates the development of boundary layer
separation along the depth. On the other hand, for a
streamlined island, the difference between the
stagnation/depression levels is the natural consequence of
energy dissipation due to friction between water and the
streamlined tail. This water level difference dictates the
separation near the surface. The lateral momentum
transfer in the wake region for the cylinder case is stronger
than in the streamlined cases (VSI and RSI can also be
regarded in this class) due to a distinct shear layer. This
situation causes a quick recovery of the flow in the wake

v/u_

-04-02 0 62 04 06 08 1 12 14

)

(a)

region, as shown in Figure 5al. However, in the
streamlined cases, the lack of a distinct shear layer causes
less lateral mass transfer in the wake region and delays
flow recovery, as seen previously in Figures 5 (b1, c1, and
dl). In other words, the difference between the
stagnation/depression levels at the upstream/downstream
of the body is less affected due to the streamlined island
form. These water levels that remain unchanged for long
distances in the wake region (Figure 10) are particularly
influential on the secondary flow structure near the
surface region. This situation manifests itself as an
enhanced lateral turbulence intensity only near the surface
behind the streamlined island in Figure 9b.

Flow patterns around 2D and 3D islands

In Figure 11, the development of the secondary flow cells
within the consecutive cross-sections (Figures 11la and
11b) are given for VSI and RSI. It can be deduced that
RSI had a higher ability to produce organized secondary
flow patterns than VSI. Furthermore, RSI produced large-
scale counter-rotating streamwise vortices (LSCSVs)
with three cells downstream of the cross-section (Figure
111). The cell near the bottom rose, broke into two smaller
pieces, and contributed to the existing two cells near the
water surface.

In Figure 12, the progression of velocity profiles around
VSI and RSI is given to directly compare the lateral
distribution of normalized streamwise velocity profiles
around the obstacles. For VSI and RSI, the development
of lateral distributions of velocity profiles is compared for
identical elevations. The onset of separation forms earlier
and more significantly for VSI (Figure 11a) compared to
RSI (Figure 12c) at the same water level. It can be
regarded that this situation is due to the clear
manifestation that VSI has a less hydrodynamic form than
RSI. During the analysis, it was also assumed that the
primary reason behind this situation could be the strength
of turbulence around those objects. Indeed, when the
turbulence kinetic energies (TKE) were examined (Figure
12b, 12d, and 12f), it was seen that there was a strong
correlation between the delay in onset of separation and
the magnitude of TKE. Therefore, in the RSI case near the
bed, excessive turbulence prevents separation behind the
body.

1

(b)

x=4D

Fig. 11. Demonstration of the progression of secondary flow cells in the streamwise direction by means of taking
consecutive cross-sections downstream (a) VVSI and (b) RSI obstacles, at distinct distances.
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Fig. 11 (cont.). Demonstration of the progression of secondary flow cells in the streamwise direction by means of taking
consecutive cross-sections downstream (a) VSI and (b) RSI obstacles, at distinct distances. Contour maps of the mean
local flow relative to the ambient flow for the VSI at a downstream distance of: (c) x=0, (e) x=0.5, (g) x=1, (i) x=2, (k)
x=4, and for the RSI at a downstream distance of: (d) x=0, (f) x=0.5, (h) x=1, (j) x=2, (I) x=4.

166



Heidari et al., / IJEGEO 10(3):154-175 (2023)

v
f , T . HE | | Ea
WU, 0402 0 02040608 1 1214 x  TKE 0.0005 0.0009 0.0013 0.0017 0.0021 0.0025
=5 A. B. Cs D. E_ B G.; H
— — — ’4' / — — — _o.
g0 N 1 s A & o A ¥ s B4 { o O 1 o O | =
— LH H HS S HY HS HS O H =1
= = = 1/ i =i =
— - - i/ i = —i
— ks — -/ — 4 —a —
= | [ 1 r— r—a M [l —d
— - - //-* - | B Ji o e
— 0.8 H- A Fl—= o HdH ]
! 14 = ! !
— « [ K% =— s 7
— 8 - ] ﬁ A7 -—/-I 7-/, ~a '77,,* |
— 8L L el ——=o— ==
Sl sl s S
=0 ~H
= 1= i i
SRyl i- Bt = | B B e N
——b2f i i i i i i
NG| ¥ I R H W thesy U L
~ L5 L5 L5 L5 L5 L5
~ ~
~ < wu,
Q\ — e = e e
/ — — —_— — —
/ — — b i e
— —I . — — — —.
— |t |t — — | |—o!
— 2k = - B
SRl 550 R S SR w SO N v A
et e O = e B e O o IR e
— =i | 3 i i [ A
B e A 1 s T e TN e T Y e O N
— —| [} | i L i
— i | [ | i | i
— B8\ T
—e [ I I Y Py
—5 I\ A | ! - L
—~"slt \(H =
~TH W (e =
- et /“' o '/v/ = —
— i 7 H
e 0.4~ Fl =% M o N
- i 2
— 22
= 02 f,'l H o H Hl H
- MR
- H
— oty Ll bbity bbby by L
- 15 15 L5 1.5 L5 15
~ g v,
ot B ~
M = = =
e T | P f INBUA f M
I f N i
J i o | s |
[Ci—fEE—HT " —F
7 i e W
7 d [
L - - -7 =
L Ll M Ll
L5 15 L5 L5
wu

3 A

Fig. 12. Progression of instantaneous velocity profiles around a) VSI and c, €) RSI. Turbulent kinetic energies (TKE)
around b) VSI and d, f) RSI. The insets' black lines denote the horizontal plane's elevation, where the lateral distribution
of normalized streamwise velocity profiles is generated. The blues lines in the insets indicate the still water surface levels
around the islands. The resultant vectors were calculated based on the streamwise and lateral velocity components.

Analysis of bed shear stress RSI was considered, it was seen that the side slopes of the
The variation of normalized time-averaged bed shear RSI were exposed to the highest bed-shear stress. Besides,
stress for the examined obstacles is given in Figure 13. the flow applied lower bed shear stress to the island's tail.
During the normalization, undisturbed bed shear stress Furthermore, relatively high bed shear stress was
was used. In line with previous findings, while the observed where the island slopes intersect with the
streamlined island generated the least bed shear stress, the bottom.

cylinder produced the greatest values. When the case of
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Fig. 13. The normalized time-averaged bed shear stress, T/, variation for a) cylinder, b) streamlined island, c) VSI, and
d) RSI. The flow direction is from left to right for all subfigures.

Discussion

The primary aim of this study was to comprehend the flow
patterns around an island-like geometry with a 3D form
(i.e., RSI). It is evident from the pertinent literature that
even 2D bodies exposed to the flow overwhelmingly
generate 3D flow patterns around themselves. To present
a complete analysis regarding flow around an island form,
the flow patterns around 2D bodies, i.e., cylinder and
streamlined island, were simulated in the study as well-
known reference cases. As a starting point, such a
comparative method facilitated a better understanding of
the contribution of the island's three-dimensionality to the
generated flow patterns. The underlying motivation
behind understanding the observed secondary flow was
that these flow patterns might underpin the generation of
a well-functioning river system. This section presents a
synthesis between secondary flow patterns and their
possible ecological services in the riverine process, and
the limits of the present work are highlighted.
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According to the numerical results, VSI and RSI created
elongated von Karman vortex streets with a disorganized
distribution of vortices in their wake region. This situation
implies that with their perturbative effects, MCls may be
capable of triggering the meandering process in lowland
rivers. Furthermore, straightened rivers with trapezoidal
channels have a homogeneous physical habitat and
reduced eco-diversity (Brookes, 1994). Therefore, it is
plausible that midchannel islands may provide eco-
services by enhancing meandering processes in natural
waterways. The crucial role of the meandering process in
the creation of cross-sectional heterogeneity-induced bio-
diversity was documented by the restoring programs
applied in many regions as stated by Nakano and
Nakamura (2008), i.e., in the USA (Toth et al., 1993),
Europe (Holmes, 1998), and Japan (Nakamura, 2003).
Besides, the study by Nakano and Nakamura (2008)
pointed out that a shallow, stable riverbed due to helical
flow in meandering waterways generates a suitable
habitat for macroinvertebrates in lowland rivers.



Heidari et al., / LJEGEO 10(3):154-175 (2023)

e,

M a e o

VNSO T

\ J \

SIDE-VIEW | \h’m

Y

Hydraulic Effect

e Decrease in water velocity
and turbulence

e Decrease in bed shear stress

o  Downwelling event (the
infiltration of surface water
into the hyporheic zone)

e Providing dissolved oxygen
in the hyporheic zone for
microorganisms

e Agquatic life refuge in
extreme condition

e Organic material retention

e Providing a wide range of
grain size for aquatic life by
sediment capturing ability

e Fulfilling fish spawning

Increased velocity in
contraction region

High TKE in the island
margins

Large-scale secondary
flow pattern (i.e.,
LSCSVs)

Upwelling event (as a
result of LSCSVs)

Wide range of flow
velocities which is
favorable for invertebrates
Enhancing the swimming
performance of fish
species by turbulence
Upstream migration of
fish for spawning
activities with the aid of

Increase in velocity and
turbulence

Meandering process due
to asymmetrical flow
pattern

Deeper channel due to
incision by the
progression of secondary
flow cells

Habitat enhancement is
caused by ephemeral
ponds in scour holes
Uprooted plants transport
Plant succession
Initiation of new pioneer
islands

criteria
e Mitigation of high
>k . . > !
I‘n bable ( mu.gmm vegetation
for Aquatic Life:
Vegetation, Fish,

Invertebrates

plants

complex flow patterns
temperatures by riparian

e Habitat heterogeneity due
to plants roots in island
margins

e Temporal succession of

Fig. 14. The impact of the presence of MCI on reach scale: The role of altered flow conditions in upstream, contraction,

and downstream zones.

In general, the localized variations in velocity, turbulence,
and bed shear stress in the wake region of the in-stream
obstructions lead to the accumulation of sediment
depositions and produce suitable conditions for the
reproduction of vegetation in these sediment deposits
(YYagci and Strom, 2022). Furthermore, colonization of
vegetation patches and their diverse adaptation to aquatic
environments increase the plants' durability in submersion
and water deficiency periods (Corenblit et al., 2015).
Consequently, the regenerated riparian plant biomes in
river corridors increase the bank/floodplain stability due
to soil reinforcement by their roots (Abernethy and
Rutherfurd, 1999; Hubble et al., 2010), promote the
ecological stability (Naiman et al., 1993), improve the

169

quality of water (Sktodowski et al., 2014), and enhance
the flow variability within the cross-section (Valyrakis et
al., 2021).

The findings indicated that an MCI generates flow
divergence. It also increases the velocity in the
contraction region. Hence, the MCI becomes elongated by
transporting the sediment and woody debris to its lee side.
The strong resilience of some plant species in high
velocities and destructive flows, e.g., Salix, Populus, and
Alnus (Francis et al., 2009), leads to vegetation regrowth
and island expansion (Corenblit et al., 2009). This
mechanism increases the MCI endurance in channel
migration or degradation by flood events (Gurnell et al.,
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2001). The MCI enlargement generates ephemeral ponds
in scour holes which causes habitat enhancement on an
individual scale and reach scale (Gurnell et al., 2005).
Furthermore, the high TKE in the margins of MCI may
entrain the submerged plants on the island edge. These
uprooted plants can have positive feedback on
biodiversity by both organic material retention (Gurnell et
al., 2012) and plant succession within the initiation of
pioneer islands downstream of the island (Francis et al.,
2009).

One of the crucial findings was that MCI generates
significant secondary flow in the wake region. This
alteration in flow structure due to natural in-stream
obstructions may have great potential in terms of
enhancing the riverine ecology by directly influencing
fish and invertebrates (Bunn and Arthington, 2002). Fish
spawning requires a wide range of sediment
characteristics (Moir et al., 2002), and the flow patterns
around MCls may prepare a substrate with an appropriate
grain size distribution for fish assemblage. Also, the
various grain sizes provided by midchannel bars
(Ashworth, 1996) are advantageous for aquatic
macroinvertebrates, which are the main food source for
many fish species (Nie, 1987). Moreover, the plant roots
near the banks increase habitat heterogeneity and lead to
an abundance of invertebrates (Beisel, 1998). The wide
range of flow velocities generated by the presence of
MCls is very suitable for these organisms (Jowett and
Richardson, 1990) due to their inherent need and high
tolerance (Hynes, 1970; Minshall, 1984). Temperature
plays an important role in the growth, survival and
spawning of fresh water fish species (Zhang et al., 2021).
Consequently, the thermal extremes in the rivers affect
their breeding success. All cold-water fish species stop
growing when the water temperature rises above 20°C and
increasing the water temperature is lethal during fish
spawning and migration (Bell, 1991). Both coarse
sediment (Ock et al., 2015) and vegetation (Hannah et al.,
2004; Ryan et al., 2013; Garner et al.,, 2014) of
midchannel bars mitigate the temperature extremes,
especially in summer peaks. The effect of temperature
reduction by riparian vegetation is more pronounced in
the areas with low flow velocity due to higher residence
time (Garner et al., 2017). Therefore, the upstream area of
the MCI can be a proper refugium in extreme conditions
and fulfill the criteria for fish spawning activities. On the
other hand, the wake zone with complex flow patterns
helps their upstream migration (Hinch and Rand, 1998;
McLaughlin and Noakes, 1998). Many researchers (e.g.,
Boisclair and Tang, 1993; Lupandin, 2005; Liao et al.,
2013; Smith et al., 2014) suggested that turbulence can
enhance the swimming performance of the fish.

Figures 5, 6, 7, and 9 showed that streamlined bodies are
highly productive in generating pronounced large-scale
secondary flow patterns. These secondary flow patterns
(i.e., LSCSVs) may adjust river bottom morphology (i.e.,
channel incision), as previously demonstrated by Heidari
et al. (2021). The LSCSVs in island wake improve the
vertical exchange of water (Chang et al., 2013a). The
nutrient-rich deep subsurface water is brought to surface
water by upwelling in the wake region (Heywood et al.,
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1990; Coutis and Middleton, 1999). According to
Corenblit et al. (2015), plants' temporal succession occurs
parallel with the vertical exchange of surface and
subsurface water. In addition, downwelling events
upstream of the island infiltrate oxygen-rich water into the
riverbed sediment (Boulton et al. 1998; Baxter et al.
2003), which is advantageous for invertebrates by
providing dissolved oxygen (DO) in the hyporheic zone
(Maazouzi et al., 2013). Also, the interaction between
downwelling and upwelling zones brings about ecological
productivity (Dent et al. 2001), and the elongated wake
zone in the RSI provides remarkable eco-services in the
riverine environment. Due to these beneficial ecological
services, it is recommended that practitioners conserve the
midchannel islands, which were traditionally regarded as
a source of undesirable hydraulic resistance in river
restoration projects. Figure 14 represents the impact of the
island presence on a river reach from hydraulic to
ecological context.

This study was undertaken only for a specific Reynolds
number (Re=52800) and the numerical channel's width-
to-depth ratios (W/H). Different Re and W/H influence
the secondary flow patterns to some extent. Hence, the
presented numerical results can help to explain the
hydrodynamics behind midchannel islands to a certain
degree. Further investigation on the role of Re and W/H
on secondary flow patterns rear the MCIs is
recommended. Also, changing the island shape,
frontal/rear slopes, and elongation ratio can lead to
slightly different results. It should be borne in mind that
the primary aim of this modeling study was to capture
only the major secondary flow structure that emerges
around a typical island form. In future studies, more
sophisticated numerical models with temporally/spatially
higher resolution (e.g., LES or DNS) should be run to
analyze the flow patterns with finer scales.

It is also worth highlighting that the methodology was
adopted in the present numerical study, not to be confused
with a scaled numerical study (the model was calibrated
based on experimental data, not field data). The numerical
simulations are directed towards understanding the
hydrodynamic processes around a midchannel island. The
study aimed to identify the influence of the geometrical
form of this arbitrarily chosen representative island on
generated flow patterns within the traditional fluid
mechanics perspective. This analysis was carried out
comparatively by benefiting from the existing knowledge
extracted from well-known reference cases (i.e., cylinder
and streamlined island). These bodies were simulated
under the same numerical model, and the obtained
outcomes provided a base for the comparative analysis.
Since the island was arbitrarily chosen from satellite
observations and the model was calibrated based on flume
experiments rather than field data, it is intentionally
avoided to develop an empirical equation, considering
such an equation may misdirect practitioners who work in
the river management field. It should also be remembered
that the model outputs presented in this study are
inevitably under a scale effect since the model calibration
was undertaken based on the flume experiments. In fact,
perfect scaling-down is not practically possible in
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numerical and physical models because of the inability to
keep each relevant force ratio constant between the scaled
and real-world models. However, scaling up this study's
results could be attempted considering Froude's similarity
of the proper flow and geometric parameters (Hughes,
1993; Heller, 2011).

As aforementioned, the island shape controls the flow in
its wake region and ecohydrological processes in a natural
river system (Heidari et al., 2021). According to Wyrick
and Klingeman (2010), islands are categorized into three
primary forms: (1) streamlined, (2) angular, and (3)
irregular, and these forms can refer to the island age. The
typical island form, exposed to high flows for a long time,
tends to be more streamlined (Collier et al., 2015). Our
numerical outputs revealed that the examined RSI
exhibited a streamlined hydrodynamic behavior. The
generated secondary flow patterns observed in the wake
region of such islands are sensitive to many variables, i.e.,
island form, Reynolds number, contraction ratio,
sediment/vegetation  texture distribution on the
island/riverbed, and channel bottom gradient. Because of
this complexity, generating an empirical formula or
presenting a quantitative analysis for the flow patterns
rear the MCI (i.e., RSI) was kept beyond the scope of this
work. Instead, we aimed to understand only the influence
of geometric characteristics of the island on the major
secondary flow patterns and to synthesize the probable
ecological consequences considering that such knowledge
may constitute a background for river restoration projects.
It is recommended for future studies to examine further
the role of other variables mentioned above on flow
characteristics in the wake of MCI.

Conclusion

A numerical study investigated the flow structure behind
an island-like geometry. To investigate the interaction
between flow and midchannel islands and understand
their three-dimensionality role in the flow domain, flow
around 2D bodies was first simulated. After the
validation/calibration  process, the model was
implemented for the RSI, which has a 3D form. The
following conclusions were attained from this study.

1) Spatial variation of various kinematic variables
indicated that RSI is a streamlined obstacle. Therefore,
it exhibited certain similarities with the streamlined
island in terms of flow structure in the wake region.
As in a streamlined island, RSI generated relatively
weaker lee-wake vortices that bring about gradual
recovery.

Towards the bed, RSI gained more hydrodynamic
form against the flow due to the elongation of its plan
view. Besides, contraction-induced acceleration in the
strength of flow and enhancement in bed shear stress
delayed the onset of separation near the bed. It was
also observed that there was a high correlation
between the magnitude of TKE and the delay in
boundary layer separation around the RSI.
Simulations indicated that, differing from the other 2D
obstacles (i.e., cylinder, streamlined island, and VSI),
RSI produced highly variable flow patterns along with

2)

3)
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the depth. For the RSI, while well-defined pairs of
vortices were monitored near the water surface,
streamlined behavior against the flow was observed
near the bed.

It was seen that because of the asymmetrical planform
of RSI, the produced pairs of vortices exhibited
elongated and disorganized distribution in the wake
region. In addition, these vortices, separated from the
boundary layer, propagated asymmetrically towards
the sides of the active channel rather than remaining
around the centerline of the flume.

When the findings from the numerical model and the
knowledge from the pertinent literature were
evaluated together, it was concluded that midchannel
islands  might have a  significant  eco-
geomorphological function. Furthermore, with their
perturbative effect on the flow field (e.g., spatial flow
variability in the active channel, generation of large-
scale secondary flow patterns, lateral and vertical
mixing, production of helical flow), MCls can provide
countless ecomorphological services (e.g., supporting
habitat for macroinvertebrates, preparing the substrate
with an appropriate grain size distribution for fish
assemblage, regeneration of vegetation patches from
living driftwood deposited in sediment mound in the
wake region, and enhancing biodiversity). Therefore,
it is recommended that midchannel islands, which are
traditionally regarded as additional hydraulic
resistance, should be preserved in river restoration
projects within the ecological engineering perspective
to create living and ecological well-functioning river
systems.

4)

5)
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