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Abstract

Introduction: This study investigates the hydraulic behavior of open-channel flows containing a central
baffle in simple and compound rectangular channels. It compares the effects of channel geometry and the
baffle on key flow parameters, including velocity, shear stress, drag and lift forces, energy dissipation, and
flow-depth profiles. Particular attention is given to turbulence, vortex formation, and free-surface
disturbances around the obstruction. The results aim to improve understanding of how channel geometry
and baffle configuration influence hydraulic performance, with applications to the design of open-channel
systems, erosion and sediment control, and structural stability.

Methodology: The methodological framework of this research is strategically designed as a robust
hybrid approach, integrating advanced numerical modeling techniques with rigorous experimental
validation. For the numerical simulations, the widely recognized and powerful OpenFOAM software
suite was employed. Specifically, the two-phase flow solver, commonly known as interFOAM, was
selected for its proven efficacy in handling free surface flows and air-water interfaces. Complementing
this approche, the k—w SST turbulence model was adopted. This model offers a superior balance
between accuracy and computational efficiency, particularly in predicting flow separation and adverse
pressure gradients, which are characteristic of flows around bluft bodies like baftles. The geometric
configurations under scrutiny comprised two distinct channel designs: a standard, simple rectangular
channel and a more complex channel featuring a composite rectangular cross-section. In both channel
types, a centrally positioned baffle structure was incorporated. Standard hydraulic boundary conditions
were applied, including a specified inflow discharge rate at the channel inlet and an atmospheric pressure
condition at the outlet to simulate open channel flow. After the computational fluid dynamics (CFD)
simulations were executed and transient flow fields were established, the obtained numerical results—
encompassing velocity profiles, flow depth variations, and shear stress distributions—were subjected to
a stringent comparison against meticulously collected experimental data. The accuracy and reliability of
the numerical model were quantitatively assessed using established statistical metrics such as absolute
error, normalized mean squared error (NRMSE), and the correlation coefficient R?, thereby ensuring
the fidelity of the simulation in representing the real-world hydraulic phenomena.
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Results and Discussion: The simulations revealed distinct hydraulic responses between the simple and
composite channels. In the simple rectangular channel, the central baffle generated strong turbulence,
unstable downstream vortices, greater energy losses, fluctuating drag and lift forces, and relatively high
and non-uniform shear stresses. In contrast, the composite channel reduced the drag-force range from
1.198-12.702 to 4.99-6.53 and substantially decreased bed shear stress, although lift-force oscillations
increased, ranging from -9.035 to +10.316.

Energy dissipation was considerably higher in the composite channel, reaching approximately 75% of
the incoming flow energy compared with about 33% in the simple channel, indicating stronger energy
attenuation associated with the interaction between channel geometry and the baffle. Numerical results
were successfully validated against experimental data, with mean errors of 3.81% and 2.35%, NRMSE
values of 0.076 and 0.083, and a correlation coefficient of 0.99 for the simple and composite channels,
respectively. These results demonstrate the model’s reliability in reproducing the main hydraulic
characteristics of both configurations.

Conclusion: This comprehensive study successfully elucidated the distinct hydraulic impacts of channel
geometry (simple versus composite rectangular) when integrated with a central baffle structure in open
channels. The composite channel configuration demonstrated a superior capacity for flow management,
characterized by a significant reduction in drag forces and a more controlled dissipation of energy, albeit
with increased oscillatory lift forces compared to the simple channel. The high fidelity of the
OpenFOAM numerical model, validated against experimental data, underscores its utility for simulating
such complex flows. These findings collectively highlight the significant potential of employing
composite channel geometries in conjunction with appropriate flow-control structures like baffles to
optimize the design and operational efficiency of hydraulic systems.

Keywords: Blockage Effect, Energy dissipation, Central Baffle Structure, Open Channels, Hydraulic
flow, OpenFOAM software.
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Table 1 Specifications of the composite channel studied in the research

Baffle Structure Description Value Composite Description Value
Channel
L Baffle Length 30 cm B Main Channel Width 50 cm
Le Guide Wall Length 24 cm Hm Main Channel Height 20 cm
b Baffle Width 20 cm Hf Floodplain Width 5cm
h Baftle Height 30 cm Bf Floodplain Height 5cm
Baffle Apex Angle 45° Lc Channel Length 100 cm

Fig. 2 Overview of the experimental setup and flow pattern visualization in a rectangular compound channel with a central

baffle
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Table 2 Current characteristics in the laboratory model

Channel Parameter Value
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Simple channel Qrms)
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Table 5 Boundary conditions used in numerical modeling

Kinetic

Specific Turbulent
Energy . L. Pressure .
Boundary alpha.water . Dissipation Kinetic Velocity (U)
Dissipation (P-rgh)
(@) Energy (K)
(®
) Fixed . .
Inlet Height-dependent Zero Zero Zero f Inlet velocity with
ux
flow rate gradient gradient gradient height-dependent flow rate
pressure
) Fixed . .
Height-dependent Zero Zero Zero Inlet velocity with
Outlet . . . flux .
flow rate gradient gradient gradient height-dependent flow rate
pressure
Epsil (0] Fixed
. psilon mega K-Q-R wall ixe .
Walls & Bed Zero gradient wall wall functi flux No-slip
nction
function function unetio pressure
Epsil (0] Fixed
. psilon mega K-Q-R wall ixe .
Baffle Zero gradient wall wall ) flux No-slip
. . function
function function pressure
Total
Atmosphere Inlet-Outlet Inlet-Outlet  Inlet-Outlet  Inlet-Outlet pre(s)sare Pressure-inlet-outlet-velocity
u
=1 bel Uniform
. fx. . cow Uniform ) Uniform
Initial initial water value: | Uniform I Unife |
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condition depth, =0 10222.025 ue value: 384 ue ° He: zero
above 145121.769 Zero
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Fig. 3 Longitudinal, transverse, and depth velocity profiles, and upstream pressure profile at the baffle along the channel at a
distance of 0.4 meters from the beginning.
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Fig. 4 Longitudinal, transverse, and depth velocity profiles, and downstream pressure profile at the baffle along the channel
at a distance of 0.4 meters from the end.
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Fig. 5 Longitudinal, transverse, and depth velocity profiles, and upstream pressure profile at the baftle along the channel at a
distance of 0.4 meters from the beginning.

o 51 e +/F alols , anl ] Jobo 5o J5b cawoWh 55 JL2d slaiz, 5 sias 3 oo, ok S por (sloig, (slo,loges & SIS

Journal of Hydraulics

21(3)

,2026
34



YFed jml ¥ oyl Y 00

Sy yuap

Longitudinal flow velocity profile
0.5

0.4
0.3
0.2

v(m/s)

0.1

0.1 0.2

x(m)

01 0.3

Vertical flow velocity profile
0.25

0.2
0.15
0.1
0.05
0

-0.05 0

v(m/s)

0.1 0.2

x(m)

0.3

v(m/s)

0.4

0.4

Transverse flow velocity profile
0.05
0.04
0.03
0.02
0.01

(=

0.1 0.2 0.3 0.4

-0.01
x(m)

Pressure distribution profile on the body

0.1 0.2

x(m)

0.3 0.4

-500

Fig. 6 Longitudinal, transverse, and depth velocity profiles, and downstream pressure profile at the baffle along the channel
at a distance of 0.4 meters from the end.
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Fig. 7 Comparison of dimensionless velocity profiles in the numerical model (this study) and experimental (Lotfi Kolavani et
al., 2019) in a simple rectangular channel with a central baftle structure along the channel.
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Table 6 Comparison of energy dissipation rate in the numerical model (current research) and experimental model (current
research and Lotfi Kolavani et al., 2019 study) in rectangular simple and composite channels with a central baftle structure.

Channel Parameter Experimental Numerical RMSE NRMSE R
Q(m3/s) 0.02601 0.02601
h1(m) 0.132 0.13
h2(m) 0.05 0.045
Simple channel El(m) 0.137497 0135668 3.16 0.076 0.99
E2(m) 0.088312 0.092299
E1-E2/E1l 35.77% 31.96%
Q(m3/s) 0.025496 0.025496
hl(m) 0.145 0.15
CompoundChannel i2(em) 0.03 0.035 345 0.083 0.99
El(m) 0.149377 0.15409
E2(m) 0.034377 0.03909
E1-E2/El 76.98% 74.63%
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Fig. 12 Comparison of energy dissipation rate in the

numerical model (this study) and experimental (Lotfi

Kolavani et al, 2019) in a simple rectangular channel
with a central baffle structure
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Fig.14 Diagram of drag force variations in the numerical
model of a simple rectangular channel with a central
baffle structure
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