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Abstract: Numerous sources of overtopping and flood events suggest different cross-sectional land
characteristics of the river and urban river water systems. Multiple stages of floodplains in compound
channels are viable in urban areas to facilitate bank slope stability and a higher discharge capacity for
different flow rates. The complexity of the contiguous floodplains’ compound channel flows manifold
with the interactive geometry and roughness of the surrounding floodplains. In the present study,
a large-eddy simulation study is undertaken to investigate the turbulent structure of open channels
with multiple-stage floodplains. The validation uses experimental data collected at individual
contiguous multiple-stage floodplains for three depth ratios from shallow to deep flow regimes. The
wall-modelled large eddy simulations were validated with the depth-averaged velocity, primary
velocity and secondary currents. Furthermore, the impact of the multiple-stage floodplains on the
instantaneous flow fields and large-scale vortical structures is predicted herein. It was found that
vortical structures affect the distribution of the momentum exchange over multiple-stage floodplains.

Keywords: compound open channel; turbulent structure; WMLES; secondary current; river engineering;
turbulence; numerical modelling; LES

1. Introduction

Compound open channels with a deeper main channel and distinct floodplains with
differential bankfull heights are often viable in urban and natural river systems. During
high flow, the water surface extends from the main channel to the adjacent floodplain(s).
For engineering and environmental purposes, artificial channels are constructed to con-
vey the flow during flood inundations [1–3]. The complexity of the multistage cross-
sectional compound channel flows manifold with the interactive geometry and roughness
of the surrounding floodplains due to their multiple interfaces at the bankfull height.
Cappato et al. [3] demonstrated that the uncertainty of the roughness of the floodplains
has a vital role in the results of the simulated events in the active floodplain. Thus, a new
experimental investigation is required to understand the flow interaction between the main
channel and floodplains of distinct bankfull heights.

Compound open channel studies in a laboratory were examined with different sce-
narios, such as smooth bed [4–9], rough bed [10–13], mobile bed [14] and emergent macro
roughness elements [15–19]. A flow study at the constant cross-section downstream lo-
cation is considered to be the classical approach for understanding uniform compound
channel flows. On the other hand, Fernandes [13], Dupuis et al. [17], Proust et al. [20,21]
and Naik et al. [22] have illustrated that the flow development over the smooth and rough
floodplain of compound channels shows the mixing layer stabilisation and growth rate of
the plane mixing layer. The straight compound channel flow governing parameters are
relative flow depth (Dr: the ratio of flow depth on the floodplain to the main channel), the
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width ratio of the main channel to the floodplain, the aspect ratio and the sidewall slope of
trapezoidal cross-section [4,7,12,23]. Furthermore, the differential roughness between the
two sections of flow and the decreasing flow depth increases the velocity difference in the
mixing layer, thus escalating the anisotropy of the turbulence. Variations in the geometrical
parameters, such as the aspect ratio, width ratio and sidewall slope, primarily determine the
secondary current size and direction, corresponding to the momentum distribution across
the channel sections [24]. The shear layer generated between the high-speed main channel
and lower-speed staged floodplain flow with secondary currents will help to understand
the transverse exchange mass and momentum in multiple staged floodplains.

Several investigations of wall-bounded self-similar flow hydrodynamics use physical
and numerical simulations. Many researchers have examined the flow characteristics
through two-stage compound open channels with a main channel and one asymmetric or
two symmetric floodplains, using numerical modelling for flow structure prediction [25–30].
Reynolds stress turbulence (RSS) models were used to simulate the flow through the smooth
and rough asymmetric compound channels compared to the K-ε model, which promisingly
showed the capability to capture the bulging of the velocity at the interface of the main
channel and floodplain [31]. Previously, Wang et al. [32] conducted a numerical inves-
tigation of the staged floodplain channels with the cylindrical bluff body as vegetation
using the renormalisation group (RNG) K-ε model. Thereafter, Chen et al. [33] derived
a mathematical model for the stage-discharge prediction of staged floodplains using force
balance equations. However, there are no detailed instantaneous flow dynamics and
coherent structure studies for a compound channel with staged floodplains.

Reynolds Averaged Navier-Stokes (RANS) models have the strength of being able
to simulate a two-stage compound open channel flow. Considering that RANS models
typically have limitations covering the most basic self-similar free shear flows with one
set of constants, there is little hope that even the most advanced Reynolds Stress Models
(RSM) will eventually be able to provide a reliable foundation to understand the underlying
flow structure for all such flows [34]. Resolving the large-scale turbulence is optimal as
they are in the order of the thickness of the shear layer. The turbulence scale for the wall
boundary layer becomes relatively smaller; thus, a Large Eddy Simulation (LES) demands
the highest computation effort. A detailed flow structure can be obtained in the flow
compound channel using the total capacity of the LES approach with the Smagorinsky
sub-grid scale (SGS) model, as has been shown by many researchers [35–37]. However,
the limitation of the high computational effort can be subsidised using scale-resolving
simulation techniques. With this in mind, a further step is applying the RANS model in the
innermost part of the wall boundary layer and switching to an LES model in the free shear
layer region. These models are called wall-modelled LES (WMLES), which are used here to
simulate the multistage compound channel flow and to predict the flow structures over the
individual interface of staged floodplains.

The present study focuses on the flow structure and interaction at the two interfaces of
three flow zones with differential velocity in a multistage asymmetric channel, as shown in
Figure 1a. The flow conditions for the experimental test case runs are chosen in such a way
that it covers shallow flow (Dr < 0.3), intermediate flow (0.3 < Dr < 0.5) and high flow in
(Dr > 0.5) conditions. Meanwhile, the numerical simulation objective is to explore the differ-
ence in the presence of the coherent structure across the two consequent staged interfaces
with different bankfull heights. The turbulent structures over the staged floodplains of
a compound open channel, including large-scale vortical structures and instantaneous sec-
ondary flows, are predicted, which plays a pivotal role in the flow resistance and sediment
transport fluxes. The interaction of the main channel flow to the first and second-stage
floodplain flow is discussed here. The overall study is arranged in the following order:

• The study’s experimental arrangements and flow setup are first described for the three
test cases. The mathematical and numerical solution method is then discussed with
a computational model setup.
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• The validation of the experimental time-averaged primary mean velocity and sec-
ondary current are presented for three different depth ratios of multiple staged com-
pound channels.

• Then, the streamwise primary velocity distribution, turbulence statistics and vortical
structures to define the mass and momentum exchange are presented.

• The numerical model results and conclusions are made for the new flow configuration
with staged floodplains.

Figure 1. (a) Cross-sectional view of the staged floodplains and main channel of the experimental
test case and (b) pictorial view from the downstream end of the compound channel with synthetic
grass turf used for the floodplain. Note: Hc denotes the flow depth in the main channel; B is the top
width; c is the main channel width; hi and b f i are floodplains’ depth and bed width, respectively.

2. Experimental Arrangements

The experiments were performed in a 20 m long and 0.745 m wide glassed-wall
flume in the Fluid Mechanics Laboratory of Xi’an Jiaotong-Liverpool University (XJTLU),
Suzhou, China. The multistage compound channel cross-section was rectangular, with
a main channel width of 0.445 m, first-stage floodplain width of 0.1 m and second-stage
floodplain width of 0.2 m (see Figure 1a). The floodplains were covered with flexible
plastic grass turf, the density and blade height of which was 33,000 grass blades/cm2 and
8.3 mm, respectively (see Figure 1b). The bankfull height (hi) of the first stage floodplain
was 4 cm and the second stage floodplain had 8 cm, where i = 1 or 2. With the dual
existence of the interfacial section and bankfull height, the relative depth ratio Dr was
distinctively variable at each stage. The flow regime definition undertaken in this analysis
is defined based on h2 = 8 cm. However, it should be noted that Dr for the first stage, the
floodplain (h1 = 4 cm), was always a high-flow regime when Dr ≥ 0.5. The measurement
cross-section was located 11 m away from the flume inlet. An electromagnetic flowmeter
was used to measure the upstream discharge. A honeycomb structure was installed in the
stilling tank before the flume entrance to regulate the development and uniformity of the
flow. The uniform section was maintained at all times by keeping the bed slope (So = 0.003)
and the water surface slope (Sw) equal through the downstream tailgate settings. The free
water surface level was measured using a point gauge to obtain a free surface parallel to
the channel bed.

In the Cartesian coordinate system, the instantaneous velocities, time-averaged ve-
locities and velocity fluctuations are denoted as (u , v , w ), (U, V, W) and (u′, v′, w′),
respectively, in x−, y− and z− axes referring to the streamwise (along the flume), trans-
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verse and vertical (normal to the bed) directions. The flow condition is illustrated in Table 1.
U∗
(
=
√

τb
ρ

)
is evaluated from the log-law velocity distributions and averaged along the

bed, where τb is the bed shear and ρ is the density of water.

Table 1. Flow conditions of test cases. Note that Qt is the total discharge and Re denotes the
Reynolds number.

Dr Hc (m) Qt (m3/s) U* (×10−3) (m/s) Friction Factor (f) (×10−5)
Re(
×105)

0.1 0.0910 0.02536 1.27 9.44 0.86
0.3 0.1108 0.03542 1.46 7.40 1.36
0.5 0.1617 0.06075 1.76 7.62 2.39

The velocity was measured using micro 3-D Nortek Vectrino side- and down-looking
acoustic Doppler velocimetry (ADV), which has a sampling volume 5 cm away from the
probe. At each measuring point, the three instantaneous velocity components (ux, uy, uz)
were recorded at 200 Hz for 180–300 s (more time near the interface) with a signal-to-
noise ratio greater than 18–20 and a no less than 75% correlation rate. The raw data
from the ADV are despiked using the phase-space thresholding technique of Goring and
Nikora [38]. The accuracy of the ADV was ±0.5 % of the measured mean velocities. The
maximum discrepancy between the discharge metered and the discharge obtained by
velocity integration at the measurement cross-section was 1–5% , the high value being
associated with the second-stage floodplain at the lowest Dr. The vertical (x-z) plane at
the main channel and floodplain boundary is called the interface, and the position was
denoted at int1 = 30 (b f 1) cm and int2 = 20 (b f 2) cm (refer to Figure 2a).

Figure 2. Cont.
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Figure 2. Contour mapping of the streamwise mean velocity for experimental and numerical results
for three depth ratios as (a) Dr = 0.1, (b) Dr = 0.3 and (c) Dr = 0.5.

3. Numerical Model
Governing Equations

The incompressible Navier-Stokes equations were solved using the WMLES method,
which can help to address the LES limitations for the high Reynolds number boundary
layer using scale-resolving simulations [39]. WMLES helps to avoid high-resolution LES
requirements near the wall region in wall-bounded scenarios, such as open channel flow.
Shur et al. [40] proposed an approach for WMLES based on reformulating the length scale
for the LES zone and blending it with the mixing length (RANS) model for the boundary
layer zone.

µt = minkdw
2, CSMAG∆2 1− exp

[
−y+/253

]
S (1)

∆ = minmax (Cwdw, Cwhmax, hWn, hmax, Cw) ≈ 0.15 (2)

where µt is the sub-grid scale turbulent viscosity, dw is the wall distance, S is the strain rate,
hmax is the largest edge length of the current computational cell, hWn is the cell size in wall
direction, ∆ is used to define grid spacing and length of cell edges, k = 0.41, CSMAG = 0.2,
Cw= 0.15 are some constants and y+ is normal to the inner wall scaling. Using second-
order accuracy, the following model was validated by the three flow depth data of the
experimental test case in the staged compound channel. The basic LES methodology
involves spatially filtering the vortices using the filter function. The small-scaled vortices
are treated using the sub-grid scale stress (SGS) model, and the large-scale vortices are
resolved using filtered incompressible Navier-Stokes equations (refer to Equations (3) and (4).

∂Ui
∂xi

= 0 (3)

∂Ui
∂t

+ ∂Uj
∂Ui
∂xj

= −1
ρ

∂p
∂xi

+
∂

∂xi

(
ϑ

∂Ui
∂xj

)
+

1
ρ

∂τij

∂xi
+ gi −

1
ρ

Fi (4)
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τij −
1
3

δijτkk = 2µtSij (5)

where xi represents the Cartesian coordinates (i, j corresponds to x−, y− and z−axes);
Ui and Uj are the filtered velocity component; t is the time; p is the filtered pressure;
gi =(gsinθ, 0,−gcosθ), the acceleration caused by gravity components, which are defined
using bed slope. The term in Equation (4) for τij is the SGS stress tensor, which is resolved
using Boussinesq’s hypothesis with Sij being the strain rate tensor, µt is the sub-grid scale
viscosity modelled using Equation (1), and based on the modified grid scale, WMLES
models the wall-modelled flow based on grid anisotropy using Equation (2).

The computational model for the 20 m long experimental channel was set up using
a 1 m scaled-down model of the channel using the periodic boundary for the inlet and
outlet condition and the rigid lid assumption for the upper boundary. Many investigators
have previously applied these assumptions for two-stage compound channels [41,42].
The computational domain of the 160× 400× 93, 160× 400× 96 and 160× 400× 98 cells
gridded in the streamwise, transverse and vertical directions are created for three depth
ratios, respectively. The near-wall modelling approach was employed for the bed and
sidewalls of the open channel, in which the instantaneous shear stress was related to the
velocity adjacent to the solid boundary using a time-averaged wall law. The rough height
grass blade of the floodplain is given for the floodplain bed in the no-slip condition. The
flow is driven by the gravity force identified by the component of g sinθ in the streamwise
direction. The initial conditions per periodic boundary conditions are the mass bulk flow
velocity at the operating condition. After acquiring a statistical steady state, turbulence
statistics were performed for 20 flow cycles of the ratio of the length of the modelled
channel and bulk velocity.

This study discretises the governing equations using the finite volume method with ad-
vection terms discretised using high-resolution schemes [43,44] with higher-order accuracy
and monotonicity. Meanwhile, the central difference scheme obtained a gradient of the pres-
sure and diffusion terms. The SIMPLE algorithm was employed for the pressure-velocity
coupling, and the second-order method was used for the transient flow.

4. Results and Discussion

The three-dimensional velocity components taken from ADV have been used to
validate the main flow features. In particular, sampling standard errors for the critical
parameters used in this study were estimated based on 30 time series, 3 min long, each
at the same measuring point. These errors are found to be approximately 1.5% for the
time-averaged velocities, i.e., U (m/s). In this study, the ADV measurements very close to
the free surface were not considered, especially for the z-components, as the ADV probe
did not perform well in this region as the signal-to-noise ratio (SNR) was below the recom-
mendations. The following section confirms the WMLES results for the streamwise velocity
flow and secondary current for the three depth ratios of 0.1, 0.3 and 0.5. Subsequently,
the validation, instantaneous flow field, turbulence statistics and vortical structures are
presented and analysed.

4.1. Distribution of the Mean Streamwise Velocity and Secondary Current

Figure 2 shows the cross-sectional distribution of the mean streamwise velocity (U)
at three different flow depths (Dr) of 0.1, 0.3 and 0.5. The primary mean velocity is
a crucial parameter linked to the compound open channel flow’s stage-discharge and flow
resistance characteristics. The maximum velocity is located beneath the free surface at
the main channel section (0.3 ≤ Y ≤ 0.745). For the lower flow depth (Dr = 0.1), the
significant change in the mean velocity over the three stages of the compound section
suggests a strong mixing layer, particularly between stage one (0.2 ≤ Y ≤ 0.3) and stage
two (0 ≤ Y ≤ 0.2). The velocity in this region of floodplain one is 0.2 ≤ Y ≤ 0.3 and in
two, 0 ≤ Y ≤ 0.2, the velocity is decelerated due to the low momentum transport caused
by the secondary current.
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The experimental measurements and the modelled results obtained using the WMLES
model are shown in Figure 2 for comparison. The mean bulk velocity and the maximum
velocity obtained from the present simulations are of the order of ≤ 0.5% error, which has
a reasonably close agreement with the measured experimental test runs. The main flow
pattern of the interaction of the sub-section is depicted through the bulging of the primary
velocity contours at the interface, which is well represented in Figure 2a–c for the WMLES
results. This is outward bulging towards the free surface over the interface of the main
channel, and floodplains one and two show an intense shearing due to the deceleration
of the flow over the individual sections of flow. The interaction of the first floodplain
and main channel significantly decelerates due to the low-speed flow transported by the
secondary currents. The deceleration can be more feasibly observed near the free surface in
the sidewall region and near the bottom of the main channel, which is well predicted in the
WMLES model.

The vector description of the secondary current (longitudinal vortex) is shown for the
experimental and numerical simulation, depicting strong inclined currents from the inter-
face toward the free surface of the main channel to floodplains one and two. The horizontal
flow from the side wall of the main channel towards the first floodplain (0.2 ≤ Y ≤ 0.3)
is visible over the entire range of the depth ratio. There is even a clear free surface
(Z ≥ 0.425) and bottom vortex at Z < 0.425 in the main channel for the higher Dr of
the multistage channels. The detail of the secondary current is better depicted in the nu-
merical results, which show the presence of different secondary cell generations at each
consecutive stage of the asymmetric floodplains compared to the two-stage compound
channels with a single floodplain.

4.2. Distribution of Instantaneous Streamwise Velocity

Figures 3 and 4 show the snapshot of the distribution of the instantaneous velocity
(u), velocity vectors (u,v) and streamlines on a horizontal plane at the second (z = 0.08 m)
and first (z = 0.04 m) bankfull height. Figure 3 illustrates the shear layer difference over
the individual height of the banks for the multistage channel. The order of the velocity
component in the streamwise direction increases with an increase in the depth ratio from
0.1 to 0.5. Furthermore, as the streamwise velocity, u, is one order larger than the transverse
velocity, in Figures 3 and 4, the transverse velocity is increased by ten for clarity.

It is observed that the flow in the main channel is generally moving faster than in
the first- and second-stage floodplains. Figure 3 shows a large shear region between the
main channel and stages one and two. It is also evident that the effect of stage (floodplain)
one subsides as the depth of flow increases above the intermediate zone (see Figure 3c).
Furthermore, the junction of stage one shows a strong shearing, causing the mass and
momentum transfer from the main channel to both floodplains. In Figure 4, a similar
faster zone of the main channel section interacts with that of floodplain one. However, the
bounded sidewall of floodplain one has a smaller velocity over the floodplain and, thus,
becomes strongly advected by the streamwise flow of the main channel.

It is worth mentioning that although the instantaneous primary and secondary flows
vary in space and time, demonstrating the complex three-dimensional turbulent flow
structures, there is a slight variation for the time-averaged flow fields at different cross
sections, and the main feature of compound open-channel flows can be recognised from
the mean primary velocity and secondary currents (Figure 2).
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Figure 3. The distribution of the instantaneous streamwise velocity u and the velocity vectors (u, w)
for (a) Dr = 0.1, (b) Dr = 0.3 and (c) Dr = 0.5 to illustrate the shear layer at a horizontal plane at
second stage Z = 0.08 m, for a constant time interval of 0.1 times of flow cycle. The values of w are
increased by a factor of 10 for clarity.
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Figure 4. The distribution of the instantaneous streamwise velocity u and the velocity vectors (u, w)
for (a) Dr = 0.1, (b) Dr = 0.3 and (c) Dr = 0.5 to illustrate the shear layer at a horizontal plane at the
first stage Z = 0.04 m, for a constant time interval of 0.1 times of flow cycle. A factor of 10 for clarity
increases the values of w.
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4.3. Distribution of Turbulent Kinetic Energy

Figure 5 shows the distribution of the turbulent kinetic energy (k = 0.5(u′2 + v′2 + w′2)).
The contour of the turbulent kinetic energy (TKE) shows a bulge at the interface of the
main channel and floodplains one and two. This implies that the total magnitude of the
turbulence increases near the interface edge. There is a high magnitude of turbulent energy
near the middle region of the main channel towards floodplain one. The turbulent energy in
the main channel section is higher, with a higher velocity gradient. The distribution of the
TKE is similar to the pattern observed for the primary mean velocity. However, the bulge
of TKE is not as strong as that of the primary mean velocity along the inclined up-flow.

Figure 5. Contour mapping of the turbulent kinetic energy in m2/s2 for (a) Dr = 0.1, (b) Dr = 0.3 and
(c) Dr = 0.5.

4.4. Power Density Spectra (PSD) Using Time Series at Interfaces of Multistage Floodplains

The time series of the streamwise and transverse velocities illustrates large quasi-
periodic oscillations in the interface region, as shown in Figure 6 for the experimental test
runs. These oscillations depict the formation of quasi-2D turbulence with 3D turbulence,
which can be cross-verified with the spectral evolution in Figure 6a,b, characterising sharp
bumps at a large scale. The interesting feature is that the low-pass filtered raw signals of
U and V, depicted in blue lines, have opposite phases (see Figure 6a–c). The consistency
of the opposite phase of U and V can be seen in smaller depths, mainly corresponding
to the interface yint=2 = 20 cm, irrespective of the general depth ratio. These events of
strong alternating phases induce coherent events, which persuade alternate successions
of considerable sweeps (u′ > 0, v′ < 0) at the interface yint=2 = 20 cm and ejections
(u′ < 0, v′ > 0). Meanwhile, for the first interface yint=1 = 30 cm, as the depth ratio tends
towards Dr = 0.3, the coherent events subside in the mixing layer at a bankfull height of
h = 0.45 cm.
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Figure 6. Time series of streamwise (u′) and lateral velocities (v′) for depth ratio (Dr) being (a) 0.1,
(b) 0.3 and (c) 0.5 at the interface of yint=2 = 20 cm with h = 0.85 cm and yint=1 = 30 cm with
h = 0.45 cm. The black line is the raw signal, the blue line is the low-pass filtered signal and the solid
red line is the mean value of the raw signal.

Figure 7 shows the power density spectra of the transverse velocity fluctuation u′y
for the three depth ratios, denoted as low (Dr = 0.1), intermediate (Dr = 0.3) and high
(Dr = 0.5), which were obtained numerically for the complete flow cycle over the turbulent
statistics. The high-frequency side of all the peaks has a slope of approximately −5/3,
indicating that the large turbulence structures possess 2D characteristics [45,46]. The
peak in the PSD is attained at a comparatively higher frequency for the lower depth ratio
(Figure 7). The appearance of a local peak within the intermediate frequency range always
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corresponds to the emergence of coherent structures. A noticeable range of a −3 slope can
be observed at the test cross-section, which depicts the well-developed coherent structures
at all three depth ratios (Figure 8). Consequently, this results in high transverse turbulence
intensities and Reynold shear stress values over all three depth ratios for the multistage
compound open channels.

Figure 7. Power spectral density (PSD) of transverse velocity fluctuations v′, as a function of frequency
for the three depth ratios.

Figure 8. Cont.
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Figure 8. Instantaneous vortical structure plotted as iso-surfaces of λ2 = −20 for Dr at (a) 0.1,
(b) 0.3 and (c) 0.5, respectively, and coloured by the x-velocity component in the multistage compound
open-channel flows.

4.5. Vortical Structures

The Q-criterion is a method to define and identify the vortex structure in the turbu-
lent flow [47], which is used here to analyse the instantaneous vertical structures of the
multistage compound open channel for three depth ratios. Figure 8a–c shows the vertical
structure from the shallow to deep flow regime in the staged floodplain one and two. The
Q-value is defined through the gradient of the velocity components using the rotation rate
tensor and the strain rate tensors.

It is seen from Figure 8 that when the depth of the flow increases, the vortex structures
on the main channel and both floodplain stages gradually increase. Streamwise strip
vortices are observed across the compound channel, with vortical structures concentrated
near the bed and sidewalls showing high strain rates. One prominent visible feature is the
elongated strip vortices advecting downstream of the compound channel. Furthermore,
the location of the vortex cores varies in the streamwise direction, illustrating the chaotic
flow field at the cross-section. The vortical structure near the sidewall of the main channel
and at the interfaces, depicted through the strips of iso-surface, indicates a horizontal
shear layer resulting from the horizontal Kelvin-Helmholtz (K-H) coherent structures. The
K–H vortices enhanced the flow mixing in the horizontal direction. It is worth noting that
the turbulence at the interface of stages one and two catapults with the increase in the
flow depth.

5. Conclusions

Multistage compound channels with rough floodplains covered with grass turf rough-
ness were experimentally investigated. Different depth ratios were tested with a uniform
steady-state condition, where the turbulent exchange process was investigated experi-
mentally and analytically using ADV to understand the flow mechanism in these new
configurations. The distribution of the primary mean velocity and secondary currents is val-
idated using WMLES for three depth ratios of the multistage compound open channel. The
turbulent kinetic energy, instantaneous vortical structure and coherent structure generation
for the different cases illustrate the mass transfer mechanism under staged floodplains.
The main source of turbulence in the channel is shearing, which creates a region of high
lateral turbulence statistics around the interface of the second-stage floodplains. Another
source of turbulence is the boundary layer based on the bottom and sidewalls of the main
channel, and this turbulence diffuses towards the free surface. The instantaneous flow
fields and large-scale vortical structures are presented, which show a strong turbulent
flow near the sidewall and the interfaces of the multistage compound channel. Lastly, the
WMLES demonstrates the capability to provide reliable mean velocity fields for the staged
floodplains of the compound open channel. This study’s future perspective would include
macro-roughness over the higher stage of floodplains to investigate the flow resistance and
mass exchange.
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The study demonstrates the capability of the present WMLES model to provide
reliable, detailed mean velocity field characteristics and turbulence statistics for multiple
staged open-channel flows, which can act as a complementary approach to experimental
investigations to gain further insight into the turbulent flow dynamics. The main future
extension of this study would be to include a solute transport module and roughness effect
to investigate the mass exchange between the main channel and the floodplains.
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