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Abstract — This paper analyses the water flow in curved chan-

nels, which may present particular hydrodynamic patterns such
as streamline alteration, cross-wave formation, recirculation zo-
nes and possible contour flow separations, all of which require
detailed hydrodynamic analysis. The analysis focuses on a case
study of a hydroelectric power plant intake with a side grate,
which includes a curved (small-radius) gravel-removing channel
connecting the intake works to two desanding chambers. This de-
sign results in an unequal distribution of flow to the desanding
chambers, causing neither chamber to function properly, and a
recirculation zone upstream of the left desanding chamber.

The methodology uses three-dimensional numerical modelling
in OpenFOAM, based on prototype data. The model was calibra-
ted with a flow rate of 8,8 m3s. Subsequently, the transit of the
design flow of 13 m?3/s was simulated and an uneven flow distribu-
tion in the desanding chambers was verified. To address this pro-
blem, and considering the higher-velocity streamlines, two groups
of alternatives were considered: the first consisted of placing two
panels of different special shapes (straight, broken, and curved)
in the desilting chamber; the second examined the flow behavior
with an increased number of panels and alteration aspect ratio.

For the first group, the scenarios tested did not modify the flow
distribution in the sand removal chambers; however, the panels lo-
cally changed the hydrodynamic conditions and successfully altered
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the recirculation zone location. The scenarios in the second group
yielded the best operational results regarding flow distribution.

Keywords: CFD; OpenFOAM; streamlines; optimization.

Resumen — El presente trabajo analiza el flujo de agua en ca-
nales curvos, que pueden presentar patrones hidrodinamicos par-
ticulares, como la alteracion de las lineas de corriente, formacion
de ondas cruzadas, zonas de recirculacion y posibles separaciones
de flujo en los contornos; todos ellos requieren un analisis hidro-
dindmico detallado. El analisis se centra en un caso de estudio
de una obra de toma con reja lateral de una central hidroeléctri-
ca, que incluye un desripiador de canal curvo y radio pequeiio,
que conecta la obra de toma a dos camaras desarenadoras. Este
disefio origina una distribucion inequitativa del caudal hacia las
camaras desarenadoras, ocasionando que ninguna funcione ade-
cuadamente, y genera una zona de recirculacion aguas arriba de
la camara desarenadora izquierda.

La metodologia emplea modelizacion numérica tridimensional
en OpenFOAM, basada en datos de prototipo. El modelo fue ca-
librado con un caudal de 8,8 m%s. Posteriormente, se simul6 el
transito del caudal de disefio de 13 m%/s y se verifico una distri-
bucién desigual de caudales en las camaras desarenadoras. Para
abordar este problema, considerando las lineas de corriente de
mayor velocidad, se evaluaron dos grupos de alternativas: el pri-
mero consistio en ubicar en el desripiador dos paneles de diferen-
tes formas especiales en planta (rectos, quebrados y curvos), y el
segundo verifico el comportamiento del flujo con un aumento en el
nimero de paneles y la alteracién de la relacién de aspecto.

En el primer grupo, los escenarios ensayados no modificaron
la distribucion de caudales en las camaras desarenadoras. Sin
embargo, los paneles modificaron localmente las condiciones hi-
drodinamicas y lograron alterar la ubicacién de la zona de re-
circulacion identificada. Los escenarios del segundo grupo fueron
los que arrojaron mejores resultados operativos en cuanto a la
distribucion de caudales.

Palabras Clave: CFD; OpenFOAM; lineas de corriente; opti-
mizacion.

[. INTRODUCTION

IN an open channel bend, the flow pattern changes as a result
of the presence of centrifugal force [1], and a particularly
due to the curvature ratio (bend radius over channel width,
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R/B) and aspect ratio (channel width over water depth, B/H)
[2]. Thes most typical feature is the presence of secondary cu-
rrents that depend on turbulence [3] and have affect bottom
topography and riverbanks [4].

Simplified two-dimensional models have produced accurate
predictions for flow in channels of gentle to moderate curvature,
but not in highly curved channels. Three-dimensional (3D) Rey-
nolds-Averaged Navier-Stokes (RANS) numerical models have
made it possible to investigate flow and sediment transport in
medium- and high- curvature channels; however, they have not
been able to reproduce some finer details. According to [5] and
[3] a higher-order turbulence model such as a Reynolds Stress
model (RSM) or a Large Eddy Simulation (LES) is required to
predict features such as the secondary counter-rotating cell on
the outer bank. However, LES-type approaches are computa-
tionally expensive. Among the most widely used software pro-
grams is the open-source OpenFOAM, as shown in [6].

To modify the flow pattern in rivers, [7] suggests implemen-
ting structures known as submerged panels to control sediment
movement in the cross-section and prevent bank erosion. The
structures are installed with a deflection angle relative to the
flow direction (Fig. 1), generating a secondary helical flow that
alters the magnitude and direction of shear stresses on the bed
and causes changes in velocity distribution, water depth and
sediment transport. Generally, the panels are installed in rows
along the outer banks of river bends, in long stretches, to gene-
rate large vortices that influence the overall flow pattern. Ac-
cording to [8], the transverse spacing between panels in a row
should be carefully selected so that the separated vortices can
merge and form the helical flow.
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Fig. 1. Submerged panels design parameters.

Several works analyze the effect of installing submerged flat
panels, considering different attack angles and arrangements
[9], and the height and length variations in narrow and highly
curved channels [10]. Likewise, other panel shapes —broken,
angular and curved— have also been studied ([11]; [12]).

The present research focuses on the hydrodynamic analy-
sis of submerged panels in curved fixed-bottom channels using
three-dimensional numerical modeling with the open-source
Computational Fluid Dynamics (CFD) program Open Source
Field Operation and Manipulation (OpenFOAM), which em-
ploys the Finite Volume Method (FVM) to solve the gover-
ning equations of fluid mechanics, considering the principles
of conservation of mass, momentum and energy [13]. Version
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2312 of OpenFOAM was used under the Linux Ubuntu opera-
ting system.

This study considers the intake works of a hydroelectric
power plant located in Ecuador, which presents a problem in
flow distribution to the desanding chambers due to the curved
geometry of the desripper. As a result, the flow is not equitably
divided between the desanding chambers, generating ineffi-
ciencies in the sedimentation process and posing risks to the
generation units due to sediment entry into the load tank. With
information from the “AS BUILT” plans (Fig. 2) and field data,
the OpenFOAM numerical model was applied.

TABLE I
DESIGN TYPICAL DIMENSIONS

Variable Dimension
Design water depth, d,
Panel height, & 0,2-04 d,
Panel thickness 0,05-0,20 m
Panel length, L 3h
Lateral spacing, d, 3h
Longitudinal spacing, d, 10-30h
Distance up to bank, d, 3h

Attack angle, o 10-20 degrees

Using the configuration of an actual structure allows for the
evaluation of submerged-panel design recommendations (Ta-
ble I) applied to a curved channel with a small radius of curva-
ture, with the aim of mitigating undesirable hydraulic pheno-
mena such as cross-flow or recirculation zones, thus allowing
for validation or suggestion of new compositions depending on
the overall purpose of the structure.

II. MATERIALS AND METHODS

A. Study case description

The hydroelectric plant has a 13 m?/s design flow. The in-
take consists of 4 lateral racks, each with a 3,15 m base sec-
tion by 2,0 m height; a curved-wall screen with a 132° turning
angle, which connects to a two-chamber desander (each 8,20
m wide and 32 m long); and transition structures that reach a
length of approximately 58 m, until they join the 3,0-m-wide
and 3,5-km-long open conduction channel. Once the flow rea-
ches the surge tank, it is conveyed for hydroelectric generation
through a steel pressure pipe. The intake of the hydroelectric
plant is shown in Fig. 2.

Due to flow inertia entering through the racks and the 132°
turning angle, the incoming flow does not achieve equal dis-
tribution between the desanding chambers (i.e., 6,5 m’/s
each). The right chamber receives a higher flow, reducing its
sediment-retention efficiency. According to design criteria in
[14] and [15], sedimentation processes in the right chamber are
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affected due to the inlet-zone geometry (curve), which produ-
ces high velocities, dead zones, and turbulence.

During the field visit, liquid-flow gauging was performed
using the velocity and cross-sectional area method. Water-level
measurements were also taken at weirs for calibration and vali-
dation of the numerical model.

The operation of the hydroelectric plant has shown that se-
diments have even reached the powerhouse, indicating that the
protective structures are not functioning properly.

Transition 1

b)
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1 Lower water flow level " I L =
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Fig. 2. Study case water intake schemes: a) plan view, and b) flow profile.

B. Base numerical model

Computational Fluid Dynamics (CFD) is a technique that uses
high-performance computing equipment and numerical methods
to solve physical problems related to fluid motion [16]. The
method allows optimizing time and economic resources compa-
red with physical models. In this context, several scenarios were
simulated using different shapes and arrangements of submerged
panels, aiming to generate recommendations to achieve an equi-
table flow distribution in the desanders (Fig. 3). For this purpose,
OpenFOAM software and two computers were used.

Fig. 3. Analyzed hydraulic structures prototype.

The turbulence model selected was k-w SST, due to compu-
tational limitations that prevented the use of the LRR model,
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which provides a better representation of flow-separation phe-
nomena and highly curved streamlines. However, in velocity-
profile and pressure-domain analyses in curved structures, the
k-w SST model has shown reliable results [17].

The interFoam solver, designed for two-phase air-water phe-
nomena, was used. Numerical stability was controlled by setting
a variable time step based on a maximum CFL value of 0,85.

The numerical-stability results of the model are presented
using graphs showing flow variation over time at the inlet and
outlet, as shown in Fig. 8.

1) Geometry and meshing

Based on the “AS BUILT” drawings, the computational do-
main of the model was identified, consisting only of the inter-
nal volume occupied by the fluid. It includes:

i) The flow inlet zone.

ii) Desripper antechamber.
iii) Desripper.

iv) Desanding chambers.
v) The outlet transition.

The computational domain (Fig. 4) was configured using
a structured base mesh generated with OpenFOAM’s native
blockMesh function, with a hexahedral block scheme. The base
block level was set at the lowest elevation of the flow domain
(8,55 m), and the reference elevation of the water-air interface
was set at the grid’s upper level at the scrapper inlet (12,58 m).

An approximate mesh size of 20 cm was achieved for the
three Cartesian axes. The incorporation and refinement of the
base mesh, as well as the inclusion of the panel geometry, were
carried out using snappyHexMesh, based on triangular discre-
tization STL files. The three-dimensional modeling of the spe-
cial shapes was performed in FreeCAD, and MeshLab was used
as a reader for visualization in the OpenFOAM environment.

a)

Inlet

Lateral walls
Bottom
Hoppers fill
Weiss (artifice)
Right outlet
Left outlet
Focused zonc
Flow direction

H
¥

c) d) e)

Fig. 4. a) Computational domain perspective; b) structured mesh detail and
special-area coupling; meshing details: ¢) flat; d) broken, and e) curved.
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2) Initial and boundary conditions

All boundary conditions describe the behavior of a hydrody-
namic phenomenon at the free surface and are based on recom-
mendations from similar studies in open channels [18].

A Newtonian, incompressible, two-phase air-water flow
was considered. In the “transportProperties” file, the essential
properties —kinematic viscosity and density of both fluids
—were defined.

To reduce simulation time, an initial water volume up to
elevation 12,06 m was included in the domain using the “box-
ToCell” functionality of the “setFields” file. This ensures wet-
initial conditions and prevents adverse effects such as strong
velocity gradients resulting from filling processes in chambers
bounded by internal control structures (spillways) that make up
the overall configuration of the model.

For the water-air interface (alpha.water), the inlet assumed a
“variableHeightFlowRate” condition, which delimits the inlet le-
vel at a height of 0 to 3,85 m. Walls and outlet used “zeroGradient™
condition, and the atmospheric boundary used “inletOutlet”.

For velocity management in the model, the following con-
figuration was established: the use of the “variableHeight-
FlowRateInletVelocity” condition with a value of (cal: 8,8
m?/s; val: 13,00 m¥/s) at the inlet; for the rigid contours (walls)
a “fixedValue” type; for the atmospheric zone the ‘pressureln-
letOutletVelocity’ condition; and for both outlets of the model
(disanding chambers) a free discharge of the “inletOutlet” type
for the validation process and, “outletPhaseMeanVelocity”
with 1,56 (m/s) for calibration model.

In the pressure management section, the grouping is execu-
ted by following: the atmospheric layer with the “totalPressure”
type condition; inlet and outlet with “zeroGradient”, and walls
the condition “fixedFluxPressure” was assigned. For validation
model, inlet and outlets were changed to “fixedFluxPressure”.

Roughness was defined in the nut file using “nutkRoughWa-
11Function” for the walls. For the rest of the inlet, outlet, and
atmosphere patches, the condition “calculated”” was chosen.

C. Calibration

The calibration process was carried out using four structured
base blocks, defining regular hexahedrons measuring 60, 40,
20, and 15 cm. The overall refinement and curvature levels for
configuring the bottom geometry with its characteristics (inlet
racks, weirs, bottom slopes, etc.) were defined for all cases as
1 and 3, respectively. In addition, the sharp angle and flat angle
resolution values were 40 and 30 degrees, respectively. Fina-
Ily, an explicit refinement level of zero was established for the
edges of the features. Fig. 5 shows the result of the refinement
process achieved with the snappyHexMesh algorithm.

The model calibration was performed by modifying the
roughness values. Field data were entered corresponding to a
flow rate lower than the design flow rate (8.8 m%/s) and a water
depth at the crest of the outlet weirs of the desanding chambers
of about 0,77 m.

As a first value of Manning’s roughness, 0,015 was taken,
which corresponds to concrete in open channels, as shown in
Table II [19].
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TABLE I
MANNING’S COEFFICIENTS FOR OPEN CHANNELS
Flume type Manning (n) Range
Coated channels:
Brick, plastered 0,013 0,011-0,015
Brick - 0,012-0,018
Concrete, smoothed 0,015 0,011-0,020

In OpenFOAM, the roughness must be entered in terms of
absolute roughness; therefore, Eq. (1) is used:

1
D506
25,6 (D

n—

Where 7 represents Manning’s roughness coefficient and D,
is the absolute roughness in meters.

Strickler’s (1923) equation can be used, under the assump-
tion that the flow is completely turbulent, to estimate the rough-
ness factor of channels and rivers as a function of the predomi-
nant sediment sizes [19].

blockMesh
Base

Fig. 5. Mesh refinement detail for wall-like contours.

Therefore, using Eq. (1), the starting point for the roughness
coefficient is 3,3 mm. To calibrate the numerical model, values
corresponding to the ranges for “n” of Manning’s concrete in
open channels were used, considering a uniform distribution
across the entire rough bottom of the model; that is, no rough-
ness zoning was applied. This was due to the presence of sedi-
ment throughout the established domain, given the ineffective-
ness of the disbanding chambers, which allow sediment to pass
through even to the powerhouse.

Finally, the calibration of the model is achieved with a
Manning’s coefficient of 0,018, which corresponds to an abso-
lute roughness of 9,6 mm, meeting 92 % continuity and water
depth at the outlet crest of the weirs (field data) with approxi-
mately 90 % accuracy.

The mesh convergence index, with respect to water depth-
field value on the right outlet spillway desanding chamber (77
cm), for the results of the models obtained at 300 seconds of
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simulation, shows that the 20 cm mesh size yields the best re-
sults, as can be seen in Fig. 6. It should be noted that for the 15
cm mesh size, a simulation time of 200 seconds was achieved
in approximately 13 days of calculation, a performance far be-
low that of the other calibration models.

1.00

080 cocooooooo oo odo oo oo oo oo —
0.60 1 x ¥
=

< 040 1 %
0.20 +
X
0.00 } f } } f }
0.00 0.50 1.00 1.50 2.00 2.50 3.00 3.50
Ahl/ Ahsalcctcd
X Simulated - - Field Data

Fig. 6. Grid Convergence Index analysis for water depth over weir crest.

D. Validation

Model validation was performed with the design flow co-
rresponding to 13 m¥/s, and considering a simplification of the
geometry to optimize calculation time. The model output is
located in the middle of the length of transition 1, whose sec-
tion has a draft of 2,33 m (validation parameter with its corres-
ponding velocity). This computational domain arrangement is
validated by verifying the water depth on the weirs at the inlet
of both desanding chambers and based on the results of the
calibration model; by incorporating thick-walled weirs at both
“artificial” outlets, all with the aim of generating the corres-
ponding upstream control section without altering the behavior
in the interest area. The generation of two outlet patches con-
tributes to post-processing for evaluating alternatives in terms
of flow redistribution.

The operation of the intake showed inadequate performan-
ce, especially in the distribution of flows in the desanding
chambers (Fig. 7), since its design intended an almost equal
flow distribution, in other words, an operation in which each
chamber would receive 6,5 m®/s under design conditions.

With the calibrated model, based on bottom roughness, mesh
size, and evaluation of boundary conditions, validation was ca-
rried out considering the design flow rate. The results effec-
tively show a non-uniform distribution of flows entering the
desanding chambers: 7,43 m*/s and 5,54 m?/s for the right and
left chambers, respectively. Compared to the design flow rate of
13 m?/s, the above values represent 57,29 % and 42,71 % of the
total flow obtained at the model outlet (12,97 m>/s). This value
represents 99,78 % with respect to the inlet flow, thus verifying
compliance with the principle of continuity in the model.

In the above figure, a preferential high-velocity current is
observed towards the right chamber, producing a recirculation
zone at the entrance to the left chamber, a phenomenon that can
be verified by analyzing the streamlines in that zone.
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U] (5]

Fig. 7. Numerical model (validation) Q = 13 m/s: Velocity distribution (m/s)
and streamlines behavior.

In the desanding chambers, the velocity distribution shows
greater flow intensity toward the left margins of both chambers,
which prevents a stable, slow, and uniform flow that would
allow an adequate sedimentation process to occur.
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Fig. 8. Hydrograms for models: a) Calibration; b) validation.
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E. Simulation scenarios

To stabilize the flow in the desripper, in search of an equita-
ble distribution of flows in the desanding chambers and consi-
dering the design flow (13 m?/s), three alternatives of submer-
ged panels were tested in the first instance, based on the design
criteria of [7] and [11], as shown in Table III.

In the second stage, four additional alternatives were analy-
zed, arising from the planar geometry and readjustment of the
original structure, as shown in Table IV.

The two groups of scenarios considered in the study have
specific characteristics in terms of aspect ratio and increase in
the number of panels tested. The first group is based on the
design recommendations shown in [20] and [21], maintaining
the h/L ratio between 0,3 and 0,5, with two spans. The second
group consists of panels with an aspect ratio between 0,38 and
0,80, with the number of panels increased from 10 to 15, distri-
buted across the desripper. This group includes a configuration
without panels but involving a 25 cm reduction in the size of the
inlet spillway to the left desanding chamber; this alternative is
intended for immediate implementation in the actual structure,
considering that the operation of the hydroelectric power plant
does not allow for long periods of downtime for maintenance.

TABLE III
SUBMERGED PANELS DIMENSIONS AND UBICATIONS
Alternative Dimensions Plan view Ubication
(panel center)
Panel 1
h=0,8m x =48,18
(Ol('iFalz;d L=24m ‘ y=2643
) ogo g Thickness=0.I5m L Panel 2
a=20° x =48,34
y=2293
Panel 1
2. Broken h=0,8m | X i ;2;;
(Barani & L=24m L2 /22 yP_anel, )
i = '3
Sardo, 2013) Thickness = 0,15 m /2 X = 4825
y =2320
Panel 1
3. Curved h=0,8m -~ X i ;2’;;
(Barani & L=24m L2 S\ Y Pancl 2
Sardo, 2013) Thickness = 0,15 m X =48.25
y=23,20

h = panel height (m); L = panel length (m); a = attack angle (0)

III. RESULTS AND DISCUSSION

Although the results of a three-dimensional numerical model
allow for in-depth analysis of the hydrodynamic variables pre-
sent, the primary objective of this study was to use a validated
CFD model to evaluate the alternatives that can be considered to
optimize the operation of the desripper and, consequently, the
desanding. In this regard, the evaluation of results adheres to the
objective of flow distribution in both chambers and, qualitatively,
the study of the streamlines generated for each alternative tested.

Fig. 9 shows velocity distribution and streamlines in plan
view for the scenarios with flat (b), broken (c¢), and curved (d)
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panels, compared to the scenario without panels or validation
(a). In the scenario without panels, a greater concentration and
velocity of flow was observed towards the right chamber of the
desander than towards the left chamber. Additionally, a large
counterclockwise recirculation zone was identified upstream of
the entrance to the left chamber, which limits the direction of
the streamlines and flow velocity towards this chamber. These
differences caused an unequal distribution of flow rates in the
desanding chambers: 42,67 % to the left chamber (Q, ;) =5,51
m?/s) and 57,33 % to the right chamber Q) =741 m’/s).

In general, in the cases with submerged panels (Fig. 9b, 9c, and
9d), changes were observed in the streamlines upstream of the
inlet to the desanding chambers, with a slight improvement in the
displacement of the main recirculation zone to the left, although
new recirculation zones appeared in the right chamber in all ca-
ses. The two flat panels option showed, overall, better velocity
distribution and displacement of the recirculation zone compared
to the broken and curved panels, although these differences had
only a marginal impact on flow distribution, as shown in Table V.

Based on the results obtained in the scenario with two flat
panels, the model behavior was evaluated under an increased
number of panels and geometric modifications, both in panel
height and in the height of the original inlet weir to the left
desanding chamber. In Fig 10c, it can be seen that reducing the
inlet weir height to the left chamber (without panels) generates
a similar response to that obtained with the inclusion of two
panels, regardless of panel geometry. The increase in the num-
ber of panels in the desripper has a considerable effect when
their height increases from 0,90 to 1,90 m (Fig. 10a and 10b).
This configuration can eliminate the recirculation zone almost
entirely upstream of the left desanding chamber.

The scenario combining ten panels of /2= 1,90 m in the screen
and a 0,25 m decrease in the inlet weir height to the left desan-
ding chamber (Fig. 10d) produces the best results in both strea-
mlines and flow distribution, obtaining an almost equal ratio in
both desanding chambers (Table V). The presence of a recircu-
lation zone on the right margin of the right disanding chamber
indicates the need to complement this investigation in the future,
seeking improvements to optimize hydrodynamic behavior.

TABLE IV
COMPLEMENTARY SCENARIOS DESCRIPTION

Alternative Dimensions Panels’ number
h=09m
4. Densified flat shape ] A .
e P L=24m 15 distributed in the
with little increase . .
. . Thickness = 0,15 m desripper zone
in height N
a=20
h=190m
5. Densified flat shape ! - .
. . P L=24m 15 distributed in the
with considerable . .
. . . Thickness = 0,15 m desripper zone
increase in height o= 20°

6. Reduction of the height

Weir crest elevation minus

of the inlet weir to the left No panels
025m P
desander
. h=190m
7. Densified flat shape
ith considerable increase L=24m
wil siderable increas . s .
. . . Thickness = 0,15 m 10 distributed in the
in height + reduction in N .
. .. a =20 desripper zone
height of weir inlet to left . . .
. Weir crest elevation minus
desanding chamber
0,25 m
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Regarding the work of [11], which analyzed the effect of
submerged panel shapes and arrangements in a physical model
through a channel with two curves (90° and 180°), the effect
produced by the panels installed in this research —dealing with
a 132° curved-wall desripper— is different from the results ob-
served for the 90° curve, where curved and broken panels were
found to be more effective than flat panels. In the case of the
180° curve, the results show the same tendency found in this
study, since the flat and curved pannels allow greater flow redi-
rection than the broken panels.

Fig. 11 and Fig. 12 provide a general description of the
behavior of the current lines in the vicinity of the panels in-
serted into the desripper. It can be seen that for all scenarios,
the flow patterns differ significantly, with high turbulence bet-
ween panels.

From a geometrical perspective, limitations were identified
regarding the application of the criteria and recommendations
of [7] for installing submerged panels in curved channels: the
length of the outer edge of the scrapper (14,82 m of the curved
section plus 7,85 m of the straight section), compared to the
proposed panel length (2,4 m), and the recommended longi-
tudinal spacing of 10 to 30 times the the panel height (in this
case from 8 to 24 m), made it difficult to form panel rows as
recommended in the literature to achieve effective flow control.
Thus, in this research both the flow distribution and the local
effect of the panels were analyzed.

The scenario with two flat panels (Fig. 13b) led to the grea-
test change in flow direction (reference arrow), with an average
angle of 24° relative to the scenario without panels. Meanwhi-
le, broken and curved panels produced average angles of 17°
and 19°, respectively (Fig. 13). For measuring these angles, a
geometric modeling tool was required.

TABLE V
FLOW RATE DISTRIBUTION IN DESANDING CHAMBERS

LDC-FR RDC-FR TFR

Alternative

m¥s) (%) ms) (%) (%) (%)

40

a) No panels b) Two flat panels

25

I Imis)
W) Imis)

d) Two curved panels

25

25
50

20 45

40

U1 Imis)
Wi Imis]

00 00

Fig. 9. Plan view velocity distribution and streamlines at desripper and dis-
banding chambers entrance for panel scenarios with geometry changes: a) no
panels, b) two flat panels; ¢) two broken panels, d) two curved panels.

a) Fifteen flat panels h=90 [cm] b) Fifteen flat panels h=190 [cm]

25

25

U] tmis]
[ mis)

0.0

0.0

Nopanels 561 43,09 741 56,91 13,02 100,00 et panls 10 o (&

1 547 42,01 7,55 57,99 13,02 100,00 : =}
2 546 4190 757 5810 1303 100,00
3 552 4223 755 57,77 1307 100,00 ; ;
4 5,66 43,40 7,38 56,60 13,04 100,00 W 0
5 591 4536 7,12 54,64 13,03 100,00
6 582 4456 724 5544 13,06 100,00
7 6,45 49,01 6,71 50,99 13,16 100,00

LDC-FR: Left Desanding Chamber Flow Rate; RDC-FR:
Right Desanding Chamber Flow Rate; TFR: Total Flow Rate

Fig. 10. Plan view velocity distribution and streamlines at desripper and dis-
banding chambers entrance for scenarios involving an increase in the number
of panels: a) fifteen flat panels h = 0,90 m, b) fifteen flat panels h = 1,90 m,
c) left chamber weir height reduction, and d) ten flat panels h = 1,90 m + (g).
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Fig. 11. Plan view (View B) velocity distribution and streamlines at submerged
panels zone for panel scenarios with geometry changes: a) no panels, b) two flat
panels; c) two broken panels, d) two curved panels.

a) Fifteen flat panels h=90 [cm] b) Fifteen flat panels h=190 [cm]

1] Imis]

0.0

Fig. 12. Plan view (View B) velocity distribution and streamlines at submerged
panels zone for scenarios involving an increase in the number of panels: e)
fifteen flat panels h = 0,90 m, f) fifteen flat panels h = 1,90 m, g) left chamber
weir height reduction and h) ten flat panels h = 1,90 m + (g).

41

b) Two flat panels  ¢) Two broken panels  d) Two curved panels

a) No panels

Fig. 13. Plan view (View C) submerged panels influence in flow direction
change and diagram of the angle of deflection measured with respect to the
scenario without panels; alternatives: a) no panels, b) two flat panels; c) two
broken panels, and d) two curved panels

All simulated scenarios involving only the presence of panels
do not produce a favorable effect on the equitable distribution
of flow to the grit chambers, nor on the recirculation zone that
occurs in the left antechamber. This indicates that the design
criteria for submerged panels, and even strategies involving in-
creasing the number of panels or aspect ratios, are not directly
applicable in curved channels with a small radius of curvature.

The scenario combining an alteration in the control section
at the inlet of the left chamber with a densified panel compo-
sition and an aspect ratio of 0,8 produces an adequate effect in
terms of flow distribution and streamlines in the deflector. This
indicates that the problem can be solved by addressing energy
dissipation using “deflectors” or “chute blocks”.

IV. CONCLUSION

The model was calibrated, achieving a flow continuity of
96,25 % and a control water depth over the reference weir of
90 % with respect to field data. The model was validated and
served as a basis for simplifying the computational domain,
optimizing the simulation time of the scenarios with panels.

Seven scenarios were modeled: three with two pairs of sub-
merged panels of different geometric shapes in plan view (flat,
broken, and curved) and four with an increased number of flat
panels in the desripper and a geometric modification of the in-
let weir to the left desanding chamber.

The model without panels (initial condition) shows the presen-
ce of a recirculation zone upstream of the left desanding chamber.

The incorporation of two submerged panels, regardless of
geometry, does not improve the distribution of flows to the
desanding chambers nor substantially modify the recirculation
zone, except in the case of curved panels, where a slight dis-
placement of the zone towards the left margin of the screen
is observed. Additionally, the submerged panels intensify the
velocity field of the wake at the entrance to the left desanding
chamber. All these scenarios also generate a new recirculation
zone on the right side of the right chamber.

The addition of fifteen submerged panels, combined with
an increase in panel height (0,90 m), has a differential effect on
flow distribution. However, using the same number of panels
with a greater height (1,90 m) almost eliminates the recircula-
tion zone upstream of the left desanding chamber and improves
flow distribution to the chambers.
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The ten-panel scenario (height 1,90 m) and a 0,25 m re-
duction in the inlet weir height to the left chamber produced
the best results among the evaluated alternatives in terms of
equitable flow distribution (49,01 % left; 50,99 % right) and in
terms of streamlines, almost eliminating recirculation upstream
of the left chamber.

The submerged panels designed based on recommendations
in the technical literature did not have a positive influence on
eliminating the recirculation zone that causes inadequate flow
distribution in the desanding chambers. In this regard, increa-
sing both the number of panels and the aspect ratio —which
did have a favorable effect— may contribute to an energy dissi-
pation mechanism in the desripper.

The presence of a recirculation zone on the right bank of the
right chamber, present in all scenarios with panels, indicates
the need to continue geometric optimization processes to en-
sure that the hydrodynamic conditions throughout the structure
are adequate for the operation of the water intake.

Future work should analyze the effect of other parameters
that may influence the performance of submerged panels, such
as the angle of attack. In this sense, it is suggested to test the
criteria and recommendations of [10], applied to cases of steep
and hydraulically tight curves.
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