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Abstract: A passive wedge screen, thanks to its many functional and environmental advantages,
has recently become a popular type of surface water intake for municipal and industrial purposes.
The design solutions proposed in this paper for a passive wedge wire screen intake model and two
different deflectors have been experimentally tested under conditions that can be considered as
no-flow conditions at the hydraulic flume. There was only a slight flow associated with the operation
of the screen, while there was almost no flow in the hydraulic channel itself, such that it would
be considered a watercourse. A hydraulic analysis was carried out, including velocity distribution
around the screen as well as the determination of head losses with or without deflectors installed
inside the screen. Lower inlet and inflow velocities to the surface of the water intake reduce the
risk of injury or death to small fish and fry as well as attracting pollutants understood as sediments,
debris, and plant remains floating in the river. In order to achieve the lowest possible maximum
inlet and inflow velocities at the highest possible intake capacity, it was necessary to equalize the
approach velocity distributions. It was shown that by using the proposed deflectors, the approach
velocity distributions were equalized and the maximum values of inflow and inlet velocities were
reduced. A water intake screen with a deflector with an uneven porosity distribution equalized
the approach velocities better than a deflector with equal openings, but the differences were small.
Installing the wedge screen model reduced the maximum inlet velocity from exceeding 2 m/s to
a value of 0.08 m/s, and after installing deflectors with equal and unequal openings to values of
0.06 m/s and 0.05 m/s, respectively. In addition to laboratory tests, the paper describes the numerical
simulations performed in ANSYS Fluent software. The results of the simulations made it possible to
obtain a broader study, as well as to compare the velocity values obtained at the measuring points
during the laboratory tests.

Keywords: water intake; approach velocity; ichthyofauna conservation; protection of the aquatic
environment; numerical simulation; Computational Fluid Dynamics

1. Introduction

One of the most significant challenges of our time is to counteract the environmental
degradation caused by man’s intensive exploitation of natural resources. This impact
is further compounded today by a climate that is changing before our eyes. Extreme
weather events such as heat waves, heavy rainfall, and prolonged droughts are increasingly
observed, which can lead to flooding, deterioration of water quality, and reduction of water
resources as well as negatively affecting the existence of ichthyofauna [1-4]. However, the
biggest threat to the aquatic environment and ichthyofauna is the large intake of “fresh”
water by humans. Due to human population growth, economic development, and changing
consumption patterns a progressive increase in the amount of human water intake from
the environment is forecasted in the coming years [5]. By 2050, it is estimated that there
will be a 20-30 percent increase in the total amount of water used by humans worldwide,
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mainly for domestic and industrial purposes, including an 85 percent increase in water use
for energy purposes [6-12].

Water intake is a key component of the water supply system in the context of guarantee-
ing the continuous intake of water in adequate quantity as well as quality. For water supply
purposes, it is possible to use surface water, groundwater, and spring water. Groundwater
intake can be carried out by means of wells and adits as well as drainage lines and galleries
with different construction solutions. In the case of water intake from surface intakes, a
distinction is made between shore intakes, bay intakes, stream (submerged) intakes, sill
intakes, and weir intakes [13]. Submerged intakes consist of three main elements: an inlet
below the surface of the water table at an appropriate distance from the shore, a pipeline,
and a collection chamber into which water flows by gravity or by a levitation pipeline.
Among the traditionally used design solutions of submerged intakes, light type and heavy
type are distinguished. Light-type intakes are most often made of steel pipe and seated at
the bottom of the watercourse on supports made of reinforced concrete or steel piles, while
heavy-type intakes require concrete or reinforced concrete casings. Among the light-type
inlets, there are cup (conical), disc, or pipe ones [14]. They are characterized by a compact
and simple design and the low cost of construction, but they can interfere with the flow of
water in the watercourse and require the installation of fish protection devices. Heavy-type
intakes are more expensive and more complicated to manufacture. The simplest design is
the bucket pipe that protects the ends of gravity or siphon pipes. In this case, it is necessary
to use devices to protect ichthyofauna and ensure that inlet velocities are not exceeding
critical values. In the event of snow-ice conditions in the intake, heavy-type intakes with
a vortex chamber are used. This type of intake is easy to flush and provides a uniform
distribution of inlet velocities over its surface. A considerable disadvantage, however, is
the difficulty of manufacture and availability. In difficult operating conditions (ice-snow
phenomena, large amounts of trailing debris), filter intakes are used, which do not require
the installation of devices to protect aquatic fauna, but they are complicated to install and
usually require high pressures during flushing.

Surface water intakes, which are generally characterized by higher yields than ground-
water and spring water intakes, pose a major threat to ichthyofauna. Excessive velocities
occurring in intake windows or screens can cause fish and fish in early stages such as fish
fry and larvae that do not yet have sufficient swimming skills to be drawn into intakes,
causing their death or severe injury [15]. According to the current regulations contained in
the Habitats Directive [16] and the Water Framework Directive [17], there is an obligation
for European Union member states to protect water resources, including ichthyofauna.
This implies the need to ensure the safe migration of fish in watercourses to find spawning
grounds, search for feeding grounds, cooler waters, a place to overwinter, or return after
being carried away by flood waters, but also the safe movement of ichthyofauna near
water intakes [13,14,18,19]. In many countries, such as the United States [20], Canada [21],
the United Kingdom [22], and New Zealand [23], regulations already exist to limit the
adverse effects of water intake on ichthyofauna. In particular, these regulations apply to
water intakes for cooling purposes, characterized by very high yields. Large hydropower
plant intakes are also dangerous for fish, as on their way downstream, they are exposed to
various related negative effects, ranging from a delay in downstream movement to being
injured or killed by rotating blades [24].

Physical and behavioral barriers and systems that guide fish and fry away from areas
that pose a risk to them to areas that are safe for them are used to protect them from entering
the water intake screen. There are different design solutions for physical barriers widely
used. They can be vertical, horizontal, or inclined and have different bar shapes and bar
spacings [25]. The examples of the barriers are shown in Figure 1.
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Figure 1. Examples of barriers: (a) horizontal bar rack [25] (b) drum screen in a hydroelectric power
plant [26], (c) flat screen mounted horizontally [23], (d) inclined rack [25].

The purpose of behavioral barriers (bubble curtains, strobe lights, sound, electricity,
magnetic fields, or changed direction and velocity of the water flow) is to deter fish from
entering zones that may pose a threat to them. Compared to physical barriers, behavioral
barriers are based on the natural behaviors of fish [27] and require their activity; therefore,
the effectiveness of the barriers largely depends on the swimming ability of the fish.

The efficiency of physical barriers especially with narrow bar spacing in avoiding fish
passage through and impingement risks at the rack is confirmed [25]. However, narrow
bar spacing causes higher head losses and contributes to clogging of inlet surfaces by
attracting floating debris such as leaves and, therefore, adversely affecting the exploitation
of the intake [25].

Of the existing methods, screening technologies are considered the best available [20],
among which traveling screens and wedge wire passive water intake screens stand out in
particular. Wedge wire passive screens for water intakes are considered the most effective
type of screens for minimizing impingement and entrainment, protecting larval-sized
juvenile fish. They have installation flexibility and prevent contaminants from entering
the intake system, but do not remove contaminants from the water body. They have
low operating costs due to the lack of moving parts and thus no need for power [28].
An important piece of equipment of modern wedge wire screens is the use of automatic
systems that clean their surface from contaminants that are deposited during operation [13].
The frequency of cleaning is determined by equipping the screens with measuring systems
that control the pressure difference on the inside and outside of the screen. Cleaning can
be carried out using appropriate brushes that are mounted inside or outside the screen or
compressed air. The most effective method is counter-current cleaning with compressed air.

In order to protect ichthyofauna and minimize the pollutants drawn in by the intake,
it is necessary to design the intake properly. One of the parameters to be considered in such
a design is the value of the channel velocity vector V., which can be decomposed into two
component vectors: parallel to the screen surface sweeping velocity vs. and perpendicular
approach velocity V, (Figure 2).



Appl. Sci. 2023,13,12970

4 of 27

Flow direction

/ N
/[™~Va I
/ / 5
/ /
Vs / / /
14 V, / /
yvYe / /
\ / < /
7 q? /
% S /
i/ o/

Figure 2. Components of the water stream flow velocity vector.

While V, causes debris and fish impingement on the screen, vs. makes it easier to
pull them away from its surface [29]. Generally, higher ratios of Vs/V,; shed debris and
fish better than low ratios. Sweeping to approach velocity ratios greater than 15 yields a
strong hydraulic cleaning component, whereas V/V, ratios lower than 5 result in high
debris and fish impingement on the screen, and ratios between 5 and 10 result in a high
percentage of the debris being carried or “rolled” along the screen [30]. According to U.S.
recommendations, to achieve the highest possible Vs/V, quotient, the angle between the
screen surface and the direction of water flow in the channel should not exceed 45° [30].

US design guidelines vary the maximum allowable approach velocity V,; depending
on the size and swimming ability of the individuals in question [31]. For fry less than 60 mm
in length, the approach velocity at a distance of approximately 7.5 cm (originally in the
guidelines 3 inches) from the screen surface should not exceed 0.06 m/s, and 0.12 m/s for
longer individuals [32]. If the intake would be equipped with its own cleaning system, these
velocities should not exceed 0.12 m/s and 0.24 m/s, respectively [33]. For UK guidelines,
the maximum allowable approach velocities at a distance of 30 cm from the screen surface
should not exceed 0.15 m/s [34]. According to New Zealand guidelines, the inlet velocity
expressed in m/s should not be greater than 4 times the length of the smallest fish living
near the intake expressed in mm [23]. U.S. guidelines also specify a value for the maximum
allowable inlet velocity V', at intake screen openings, and it is 0.15 m/s [30]. For Canadian
guidelines for intakes with a capacity of less than 125 dm3/s, the value is 0.11 m/s when
there are “trout” type fish moving with their hindquarters and 0.038 m/s when there are
“eel” type fish moving with their whole body [35]. The mentioned values are summarized
in Table 1.

Table 1. Summary of maximum allowable velocity, based on [16,23,31-35].

According Allowable Approach Allowable Inlet .
to Guidelines Velocity V, [m/s] Velocity V;, [m/s] Fish Category Remarks
Canad - 0.11 “trout” type fish moving  intakes with a capacity of less
anada - 0.038 “eel” type fish moving than 125 dm3/s
New Zealand AxL B ) L -fish lgngth expressed
in mm
United Kingdom 0.15 B B velocity at a distance of 30 cm
from the screen surface
0.06
USA (0.12—when intake equipped 015 Lengtzol (;;V;: than approach
with cleaning system) : velocity measured at a
0.12 Leneth ter th distance of ~7.5 cm from
(0.24—when intake equipped eng 6§r§§ner an screen surface

with cleaning system)

According to a study conducted at a cooling water intake on the Columbia River, USA,
equipped with a T-screen cylindrical screen design with axial flow, the low number of
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entrained fish and larvae was influenced by the bow-wave-like hydraulics at the struc-
ture’s nose cone as well as pressure and velocity changes upstream that helped the fish
detect danger [29].

Wedge wire screens, in addition to capturing water for cooling and municipal purposes,
are also used as a drain for washing sand filters in water and wastewater treatment plants
or for collecting fish feces from the tank outlet water [36]. Wedge wire screen allows for
inlet velocities of 15 cm/s or less when the inlet velocities across the surface are uniform
or close to each other [37]. One way to achieve inlet velocities that are close to each other
over the entire inlet surface of the screen is enabled by a specially shaped deflector. The
deflector can also affect an increase in the ratio of sweeping velocity to inlet velocity, which
also increases the chances of fish avoiding being drawn into the water intake. A properly
designed water intake structure can also protect fish from being drawn in by creating an
arcing wave at the front cone of the structure that deflects small fish away from the screen
pores and creates pressure and velocity changes in front of the water intake structure that
warn fish and encourage them to avoid the intake [28].

The purpose of the study was to analyze the distributions of approach velocity values
V, at different distances from the screen surface and inlet velocity V;, at different design
solutions of the wedge wire screen model. The aim of the study is to answer the question
of in which parts of the inlet screen there is a risk of excessively high inlet velocities posing
a threat to ichthyofauna and contributing to fouling of the intake surface. The results were
further discussed to determine how effective the designed wedge wire screen and deflector
are in reducing the highest inlet velocities.

2. Materials and Methods
2.1. Laboratory Bench

Experimental tests were carried out at the hydraulic laboratory of the University of
Agriculture in Cracow in a flume with a mounted water intake model. The schematic
diagram of a laboratory bench is shown in Figure 3. The bench consisted of a model of
a wedge wire water intake screen together with an installation for pumping water with
a circulating pump to the beginning of a hydraulic flume, so that conditions close to the
established ones were maintained during the experiments. In addition, the installation was
equipped with a measuring apparatus for determining the flow and pressure of water in
the pipeline and measuring the inlet velocity vectors of water around the screen.

P

<+—
g
@50 mm

| (] E—

@ suction pump

() wedge wire screen

ultrasonic flowmeter
@ Acoustic Doppler Velocimeter ?

% differential pressure gauge

Figure 3. Schematic of laboratory bench with wedge wire screen model.

The laboratory bench shown in Figure 3 was installed inside a laboratory hydraulic
trough 12 m long, 0.5 m wide, and 0.6 m deep shown in Figure 4. The screen was installed
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centrally in the cross-section of the hydraulic trough, 20 cm above the bottom of the trough
and about the same distance below the level of the water table. The length of the trough
ensured that there was no influence on the point inflow of returned water at the beginning
of the trough captured by the screen. The distances of the screen from the bottom surface
and the walls of the hydraulic trough and the water table guaranteed that there was also
no influence of the edge effect on the results of the measurements. Experimental studies
were carried out in the absence of forced water flow velocity in channel V, the low water
flow velocity in the trough that took place was due to the amount of water captured by
the intakes and the need to replenish it in the system to maintain steady-state conditions.
The capacity of the water intake during the study was about 275 dm?/min (~4.6 dm>/s),
which makes it possible to determine an average velocity in the cross-section of the trough
of about 0.015 m/s. This value was so small that it was possible to treat the prevailing
conditions in the trough itself during the tests as non-flowing and to assume no influence
of the edge effect on the measurements taken.

7
e
r

b)

Figure 4. Photographs of the experimental bench (a) wedge wire screen placed in a hydraulic channel,
(b) Acoustic Doppler Velocimeter installed above wedge wire screen.

The operating conditions of the screen adopted in the tests, assuming no water flow in
the trough, mean the lack of sweeping velocity that would support the removal of fry and
small floating elements out of the zone of influence of the wedge wire water intake screen.
Such conditions occur when water is not taken directly from the current of a flowing river,
but, for example, from a reservoir, bay, or bypass characterized by very low flows or even
periodic lack of flows.

Figure 4 shows photographs of the installation of the wedge wire water intake screen
model installed in the hydraulic trough schematically shown earlier in Figure 3.

Figure 5 shows a schematic representation of the entire laboratory system, which
consists of a hydraulic trough in which a wedge wire intake screen was installed, as well
as upper (expansion) and bottom tanks. These tanks, when forced to flow in a hydraulic
trough simulating the flow of water in a river, are designed to collect water, equalize
and regulate the inflow to the hydraulic trough, and allow the circulation pump to work
properly. The arrows in the Figure show direction of the flow. In the case of the tests
described in the article, the pump forcing the flow in the trough was turned off, and the
gates on the inflows and outflows of the reservoirs were closed. The analysis involved
near-no-flow conditions in the trough.
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Figure 5. Diagram of the hydraulic trough in which the laboratory bench shown in Figures 3 and 4 is
installed.

2.2. Wedge Wire Intake Screen Model

The model of the wedge wire intake screen was made of stainless steel. The outer
part of the screen consisted of a wedge wire slotted pipe 150 mm long and 150 mm in
diameter. This pipe was made of surface profiles spirally coiled and permanently welded
to the crossbars placed inside parallel to the axis of the pipe. Water flowed into the screen
through the wall surface of the slotted pipe, hence the wedge wire profile was wider on
the outside of the pipe and narrower on the inside. The use of this type of wire minimizes
clogging of the slots and facilitates cleaning. Solid elements can be retained on the outer
surface of the screen, where they can easily be flushed out by the flowing water stream,
if any, and contaminants of smaller sizes, thanks to the profile of the slot widened on the
inner side of the screen, will not be wedged but drawn in through the vacuum created
there. The clearance of the slots on the outer side of the screen was 1.5 mm. The width of
the wedge wire profile in its wider part was also 1.5 mm. Figure 6 shows a section of the
screen model along with the enlarged wedge wire profile.

L 150 |
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Figure 6. A cross-section of the screen model along with an enlarged section of the wedge wire
profile.

During the tests, the effect of two different deflectors installed separately inside the
screen was also analyzed. Both deflectors were cylindrical in shape with an outer diameter
of 50 mm and an inner diameter of 46 mm. On the perimeter of the first one, openings were
equal with diameters of 6 mm, as shown in Figure 7a, and for the second one, the diameters
varied from 3 mm on the outflow side to 10 mm on the opposite side, as shown in Figure 7b.
The following openings diameters were assumed: 3 mm, 3 mm, 3 mm, 4 mm, 4 mm, 4 mm,
4 mm, 8 mm, 10 mm and 10 mm. The location of the deflector inside the screen is shown
in Figure 6, and the location of the openings on the perimeter of both of them is shown
in Figure 7. The summed areas of the openings were similar to each other and were, in
the case of uniform perforation, 2827 mm? and, in the case of non-uniform perforation,
2788 mm?, corresponding to a perforation degree of 12 percent and 11.8 percent. The
variation of openings in the deflector shown in Figure 7b was adopted based on the studies
presented in the paper [13,38,39].
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Figure 7. A deflector with (a) uniform openings, (b) non-uniform openings.

2.3. Measuring Instrumentation

A 0.75 kW SWIMMEY 24 Nocchi circulation pump (Venturina Terme, Italy) was used
to suck water from the screen and pump it to the beginning of the trough. The maximum
capacity of the pump during the experiments was 16.5 m3/h. The pump was equipped
with a filter.

A 16 MHz Micro ADV Acoustic Doppler Velocimeter from YSI/SonTek (San Diego,
CA, USA) was used to measure the distribution of local water flow velocities around the
screen. The device allows measurements in the range of 1 mm/s to 2.5 m/s and works
with a high accuracy of 1% of the measured range. Figure 4b shows a photo of the flow
meter mounted on the test bench. It allows for the determination of the flow velocity of
particles dispersed in water based on the theoretical relationship between the frequencies
of waves sent and reflected from fine particles dispersed in water. Assuming that these
particles move at the same speed as the locally flowing water stream, the local velocity of
the flowing water stream can be determined. The device gives three components of the
instantaneous velocity vector in a 0.09 cm?® cell located 5 cm from the transmitters.

A sampling frequency of 20 Hz was assumed during the experiments. The duration
of one measurement was about 45 s, hence one measurement was determined based on
about 900 readings. During the experiments, the magnitude of the parameter expressing
the signal-to-noise ratio SNR was controlled. This parameter was at the level of +/— 20 dB,
which indicates the correctness of the measurements. The SNR parameter should be no less
than +/— 5 dB. In the case of the measurements carried out in the absence of water flow,
this parameter was originally lower than the required value, hence, in order to obtain a
sufficiently high value of this SNR parameter during the tests, silica coagulant was dosed
into the water. Measurement of local flow velocity using the Doppler phenomenon required
information on salinity and water temperature. In the cases of the experiments conducted,
these were 17.6 per mille and 22.2 °C, respectively.

In order to continuously monitor the amount of trough water drawn by the screen
during the experiments, a Micronics Portaflow 330 ultrasonic flowmeter (Micronics, Bucks,
UK) was installed on the suction line. In accordance with the device guidelines, the
flowmeter was mounted with a straight section of pipeline on the inlet side 20 times the
diameter of the pipe and a straight section of pipeline on the outlet side 10 times the
diameter of the pipe. The device operates with an accuracy of +3% of flow reading.

A CEM DT-8890 electronic differential pressure gauge (Benetech, Kalisz, Poland) was
used to measure the pressure drop between the inlet and the outlet of the screen. The
device operates over a range of —5 psi to 5 psi with an accuracy of £0.5% of the range. The
pressure at the screen inlet was determined by measuring the height of the water table in
the trough.



Appl. Sci. 2023,13,12970

9 of 27

2.4. Location of Measuring Points

During the conducted laboratory experiments, for the specified hydraulic conditions
of the water intake, the local velocities around the screen and close to the inlet to the intake
were determined using a Doppler velocimeter. Figure 8 shows the location of measurement
points along the hydraulic trough, for measurements of velocities into the current water
intake without screen (A-F) and for measurements of velocities around the screen (the
remaining points).

3cm 3cm 3cm  3cm  3cm

o )
£ ) c - SRS S y; S——
o
3k
7| =| g, @0-—-- o © ©---—-0
UI) o
wn
G Vo-——o e S a—) u‘;t
0

suction pipe
@4.83 cm

Figure 8. Location of measurement points in the longitudinal section for the water intake model
without the wedge wire screen (A-F) and around the wedge wire screen model.

The locations of the inlet velocity measurement points in the cross-section of the hy-
draulic trough over the installed wedge wire screen (at 0 degrees with respect to the vertical
axis) are marked in Figure 9 with numbers 1 to 4 and were 0.5 cm; 2.5 cm (1 inch); 5.1 cm
(2 inches) and 7.6 cm (3 inches) away from the outer surface of the screen. Measurement
points at an angle of 45 degrees to the vertical axis in the cross-section were measured at
5.1cm and 7.6 cm from the wedge wire screen and are marked in Figure 9 with numbers 5
and 6. Measuring points in the cross-section of the screen along the horizontal axis were
located at distances of 2.5 cm, 5.1 cm, and 7.6 cm from the surface of the screen and are
marked in Figure 9 with numbers 7, 8, and 9. Along the axis, at an angle of 135 degrees to
the vertical axis, one measuring point was included at a distance of 7.6 cm from the screen
surface and is marked with number 10.

The selection of measurement points was dictated by technical possibilities. The
measurement at a distance of 0.5 cm was the closest possible measurement relative to the
screen surface, so with some approximation, the value of the inlet velocity vector measured
therein can be assumed to be equal to the vin inlet velocity value assumed in the design
guidelines. On the other hand, a distance of 7.6 cm (3 inches) is also presented in many
guidelines as the critical distance for which maximum allowable values of inlet velocity are
determined.
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Figure 9. Location of measurement points in the cross-section of the screen.

Measurements of local velocities were made every 3 cm along the screen along mea-
suring lines 1 to 10 shown in Figure 9. For each of the analyzed points, based on the values
of the x, y, and z components of the velocity vector measured with the Doppler flowmeter,
the normal vector of velocity, perpendicular to the surface of the screen, was determined.
The value of this vector was calculated as the arithmetic mean of more than 900 values
determined directly from empirical measurements according to Equation (1).

1 1
X=) xx- (1)
i=1

n

where:

X—arithmetic mean of the measurement results at a given point [m/s],
x;—the value of the i-th measurement result [m/s],
n—sample size [-].

2.5. Statistical Analysis of the Measurements

The value of the velocity vector at each point was determined based on more than
900 empirical measurements, and hence, in order to evaluate the results obtained, they
were subjected to statistical analysis. Standard deviations were determined according to
Equation (2), confidence intervals from Equation (3), and standard errors from Equation (4)
for each of the determined results.

_ i (x; - X)?
= =1 (2)

where:

s—standard deviation.

It was assumed that the distribution of the population is unknown, but since the
sample is large (about 900 values), it can be assumed that the actual value of the mean m
falls with a probability of 95%, within the confidence interval, the value of which can be
determined from the Formula (3).

S

Pl X — X
( Mo U

<m<X+ua><\/Sﬁ>=1—zx 3)

where:
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1 — a—confidence coefficient [-],

1o —statistic that meets the condition:

P(—po < U < puy) =1 — &, where: U is a random variable with normal distribution N (0, 1)
for the assumed o« = 0.05 p = 1.96.

SE = % [m/s] @)

where:

SE—standard error.

2.6. Numerical Simulations

In order to obtain detailed information on velocity distributions and current lines
around the screen, as well as visualization, simulations using computational fluid me-
chanics (CFD) methods were carried out. The discretization and numerical solution of
partial differential equations describing the flow allows approximate determination of
the distribution of flow parameters such as velocity, temperature, and pressure, among
others [40-42]. The modeling of fluid motion is based on the principles of conservation of
mass and momentum, which are expressed as [43,44]:

Equation of conservation of mass:

9
&+ V(o) =0 ®)

where:

p—density of the fluid,
v—velocity vector.

Equation of conservation of momentum:

dv
po; =pPfHVP )

where:

p—density of the fluid,
v—velocity vector,
f—vector of mass forces,
P—stress tensor matrix.

These equations for the transient flow of a compressible fluid with variable viscosity
are difficult to solve. Water can be considered an incompressible fluid and a fluid with
constant density. Under the assumption that water is a Newtonian fluid, i.e., exhibiting a
linear dependence of stress and strain rate, the coefficient y called viscosity is a constant
value, a system of Navier-Stokes equations and continuity equations of the form can be

formulated:

ov ., 1
§+(vv )vf—EVp—H)Vv—l—f (7)

Vo=0 ®)

Because turbulent flow is a transient flow and its accurate simulation requires a lot
of computing power, the most common approach is to look for the solution of the time-
averaged Navier-Stokes equations, the so-called RANS—Reynolds-Averaged Navier-Stokes
equations.

The RNG k-¢ model was used during the simulation. This model is more accurate and
reliable for a wider class of flows than the standard k-¢ model because, among other things,
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it takes into account the analytical formula for turbulent Prandtl numbers. The basis of this
model is the equations describing the kinetic energy of turbulence k in the form:

ov . 1
gJr(z;v )U——Evp—l—vvv-i-f ©)

2

d(pe)  9(pev; b € € €
(pe) | d(pevi) (weyeffax)+c1€k(ck+c3gcb)—czgka£+Ss (10)

ot ax;  ox;

where:

k—Xkinetic energy,

p—density of the fluid,

v;—component of velocity in the corresponding direction,

a—the inverse of Prandtl number for k,

x.—the inverse of Prandtl number for ¢,

Her—coefficient of viscosity,

Gr—coefficient taking into account turbulence kinetic energy generation due to
averaging of velocity gradients,

Gp—factor accounting for turbulence kinetic energy generation due to displacement,
Y)y—coefficient representing the contribution of turbulent dilation to the rate of energy
dissipation,

Sk, Se—additional coefficients that can be defined by the user,

e—turbulence kinetic energy dispersion rate.

The constants in the above formulas are:

o = 0.7194
e =0.7194
Cpe =142
Coe = 1.68
C,, = 0.0845.

Numerical studies were carried out in ANSYS Fluent 19.1 software. After loading
a properly prepared geometric model, generating a mesh, and introducing boundary
conditions, simulations of flow in a hydraulic flume were performed, the results of which,
juxtaposed with the results of laboratory tests, are presented in Section 3.9.

For CFD simulations, the model was partitioned into control volumes by generating a
numerical mesh using the Mesh module of Ansys 19.1. Several mesh variants were consid-
ered, differing in element sizes for the fluid domain surrounding the screen and for the fluid
domain inside the screen. For each variant, a conformal mesh was generated, i.e., a mesh for
which the nodes lying at the interface between the surrounding fluid domains and inside
the screen overlap. The criteria for selecting the optimal mesh were computation time and
a small relative difference between the obtained results. For the model without a deflector,
a computational mesh was created consisting of 6,305,573 elements and 1,166,835 nodes,
for the model with a deflector with uniform openings, the number of elements was equal
to 6,937,741 and the number of nodes was 1,327,168, while the third model of the mesh
considering a deflector with different openings diameters consisted of 5,572,444 elements
and the number of nodes equal to 1,129,319. A fragment of the numerical mesh with a wall
layer, for the model with a deflector with uniform holes is shown in Figure 10.

The following parameters are set for the generated grids: Solver Preferences: Fluent—
optimize mesh for Fluent solver, Use Adaptive Sizing: yes—use adaptive sizing, Smoothing:
Medium—improve mesh quality medium, Transition: slow—slow transition to coarse
mesh, Span angle Center: Fine—mesh thickening on curves high, Inflation Option: Smooth
Transition—wall layer options, smooth transition, Maximum Layers: 5—number of layers,
Growth Rate: 1.2 growth rate of wall layer elements.
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Figure 10. A fragment of the numerical grid covering the calculation area.

Once the mesh was created, it was necessary to introduce boundary conditions, i.e.,
the values of water inflow into the hydraulic trough (inlet) and outflow from it (outflow 1)
and the values of water outflow through the analyzed screen (outflow 2) as well as to
assign parameters to the materials present in the geometry model. It is shown in Figure 11.
The calculations also took into account the effect of gravitational acceleration, the effect of
which was declared along the y-axis.

a) b)

VAR L

" A

Figure 11. Assigned boundary conditions: (a) inflow to the hydraulic trough, (b) outflow from
the hydraulic trough, (c) outflow from the screen, (d) longitudinal section of the “symmetry” fluid
domain.

For modeling with CFD, the RNG k-¢ model was used. The SIMPLEC (Semi-Implicit
Method for Pressure Related Equations-Consistent) algorithm, a modified form of the
SIMPLE algorithm, which is a commonly used numerical procedure in CFD for solving the
Navier-Stokes equations, was chosen as the computational method.

The convergence of the computational process was evaluated on the basis of the
normalized residues of the continuity equations, velocity components, and turbulence. It
was assumed that calculations were stopped when the value of the criteria was less than
0.001. An example of a convergence diagram is shown in Figure 12a. In addition, the
number of iterations was assumed from the checked value of the fluid velocity at a given
point (Figure 12b). If this value was not stable, the criteria were changed and the number
of iterations increased. In most cases, about 3000 computational iterations were carried out.
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Figure 12. An example of a convergence diagram (a) and velocity change diagram during the
simulations (b).

3. Results
3.1. Approach Velocity to Pipe Inlet in Submerged Water Intake without the Screen

Figure 13 shows the results of experimental measurements of the values of normal
velocity vectors to the inlet surface of a submerged water intake consisting only of a
terminated pipe with an inner diameter of 48.3 mm without the screen mounted at the end.
Water suction to the intake was forced by a circulating pump operating at an average rate
of 275 dm3/min (~4.6 dm3/s). The locations of the inflow velocity measurements lay on
the axis of the pipe and are shown in Figure 8, the points where measurements were made
were marked with letters A to F. The velocity inside the water intake pipe was 2.17 m/s,
more than 10 times higher than the maximum inlet velocity values assumed in the design
guidelines described in Section 1. As can be seen in Figure 13, already at a distance of
3 cm from the surface of the inlet, the value of normal velocity dropped to 0.36 m/s and
gradually decreased with distance to a value of 0.04 m/s at a distance of 15 cm. Ata
distance of 7.6 cm (i.e., 3 inches), the measured inflow velocity was about 0.07 m/s and,
depending on the size of the fry, was low enough or too high.

25

Velocity [m/s]

®
@

L 2
L 2

6
Distance [cm]

Figure 13. Distribution of velocities normal to the surface of the inlet pipe of a water intake without
a screen installed depending on the distance from this surface obtained in laboratory tests in the
absence of flow in the hydraulic trough (the distance between point A and points A-F marked in
Figure 8).

As can be seen from Figure 13, despite the relatively low capacity of a submerged
intake without the screen terminated by a pipe, high inlet velocities can be expected in its
close proximity, which can pose a threat to ichthyofauna.

3.2. Tests of Approach Velocity into Cylindrical Wedge Wire Screen without Deflector

In the next series of tests, the model of the wedge wire screen shown in Figures 4 and 6
was installed at the end of the water intake pipe, but without an internal deflector to
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equalize the inflow velocity distribution. The capacity of the water intake pump during this
series of tests was similar to that adopted during the tests of the intake without the screen,
described in Section 3.1, and was 275 dm?3/min (~4.6 dm3/s). Inflow and inlet velocities
were measured along the length of the screen every 3 cm, at angles of 0°, 45°, 90°, and 135°
in cross-section and at distances from the screen surface equal to 0.5; 2.5; 5.1, and 7.6 cm.
The locations of the measurement points in the cross-section are shown in Figure 9 (points
1-10) and in the longitudinal section in Figure 8. Figure 14 shows the distributions of the
experimentally measured normal velocities with respect to the surface of the screen. In
general, regardless of the adopted longitudinal section angle, the inflow velocities were
highest on the water-sucking side and decreased along the section to the lowest value on
the screen termination side. Only at a distance of 0 cm, that is, where the screen began
was the value slightly smaller than at the 3 cm farther away point. In all cases, the inflow
velocities decreased as one moved away from the screen surface. The highest value of inlet
velocity, equal to 0.08 m/s, was recorded at a distance of 3 cm from the beginning of the
screen on the suction side. This value was lower than the accepted maximum allowable
inlet velocity value in the US standards, but more than twice as high as the value accepted
for “eel” type fish in the Canadian guidelines. The value was also more than 20 times lower
than the maximum velocity measured for the intake without a wedge wire screen installed
at the end of the inlet (suction) pipe. To sum up, measured velocity values independent of
the longitudinal cross-section analyzed as well as the distance from the inlet surface were
significantly lower in the case of tests with the screen installed (Figure 14) than in the case
of tests without the screen at the end of the inlet pipe (Figure 13).
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Figure 14. Distribution of normal velocities along the length of the cylindrical wedge wire screen
(from 0 to 15 cm) at different distances from the surface of the screen (0.5; 2.5; 5.1; 7.6 cm) at an angle
in the cross-section (a) 0°, (b) 45°, (c) 90°, (d) 135° from the vertical with no deflector installed inside
the screen obtained in laboratory tests in the absence of flow in the hydraulic channel.
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3.3. Tests of Approach Velocity into Cylindrical Wedge Wire Screen with the Deflector with
Uniform Openings

In another series of tests, approach velocities were measured around the wedge wire
screen shown in Figures 4 and 6 and equipped internally with the deflector shown in
Figure 7a with equal holes of 6.0 mm diameter. The deflector’s task was to equalize the
inflow and inlet velocities around the screen surface. As in the previous test series, no-flow
conditions were simulated in the hydraulic flume. The low water flow was the result of
water being drawn through the study screen and discharged at the beginning of the flume.
The capacity of the pump sucking up water in the intake was 275 dm?/min (~4.6 dm3/s),
similar to that in previous test series.

As expected, the approach velocity distributions shown in Figure 15 regardless of
the longitudinal section analyzed and the distance from the screen surface were much
more uniform than in the case of the cylindrical wedge wire screen without the deflector
installed. At a distance of 0.5 cm from the screen surface, which was assumed to be where
the velocities were close to the inlet velocities, as in the case without the deflector, the
velocities were highest on the suction pump side. Only the first measurement just above
the edge of the screen was smaller due to the curvature of the current line at this location.
As one moved away from the surface of the screen, the inequalities of the inlet velocities
along the screen decreased, and the locations of the largest values moved near the center of
the screen length.
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Figure 15. Distribution of normal velocities along the length of the wedge wire screen (from 0 to
15 cm) at different distances from the surface of the screen (0.5; 2.5; 5.1; 7.6 cm) at an angle in the
cross-section (a) 0°, (b) 45°, (c) 90°, (d) 135° from the vertical with a deflector with uniform openings
installed inside the screen obtained in laboratory tests in the absence of flow in the hydraulic channel.

3.4. Tests of Approach Velocity into Cylindrical Wedge Wire Screen with the Deflector with
Non-Uniform Openings

In a final series of experimental studies, the distribution of approach velocities around
a cylindrical wedge wire screen equipped with a deflector with unevenly sized openings
from 3 to 10 mm, shown in Figure 7b, was analyzed. The smaller openings were on the
outflow side and the larger were on the opposite side to further equalize inlet velocities
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along the surface of the water withdrawal. The pump capacity was similar to that obtained
in an earlier series of tests, at 270 dm?/min (4.5 dm?/s). As shown in Figure 16, varying
the size of the openings changed the distribution of approach velocities. The approach
and inlet velocities on the water-sucking side decreased, while on the opposite side, they
increased. The maximum value of the inlet velocity was 12 cm from the beginning and 3 cm
from the end of the screen and was less than 0.05 m/s, which was less than the maximum
values obtained in earlier solutions. However, the value was still slightly higher than in the
Canadian guidelines for nearby “eel” fish.
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Figure 16. Distribution of normal velocities along the length of the cylindrical wedge wire screen
(from 0 to 15 cm) at different distances from the surface of the screen (0.5; 2.5; 5.1; 7.6 cm) at an angle
in the cross-section (a) 0°, (b) 45°, (c) 90°, (d) 135° from the vertical with a deflector with non-uniform
openings installed inside the screen obtained in laboratory tests in the absence of flow in the hydraulic
channel.

3.5. Distributions of Approach Velocities in Longitudinal Sections at Different Angles

Figure 17 summarizes the distributions of approach velocities in longitudinal sections
at the various angles shown in Figure 9. Only the distributions of approach velocities at a
distance of 7.5 cm from the screen surface are marked because only at this distance was it
possible to measure velocities at each angle in the cross-section. As can be seen in Figure 17,
the distribution curves have similar shapes to each other, but by far the smallest inflow
velocities were observed at 0 degrees, i.e., above the screen, while the largest values were
observed at 90 degrees. This is advantageous from the point of view of counteracting dirt
intake. From above, there is a danger of ice and slick being drawn in during the winter,
and from below bottom sediments.
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Figure 17. Distributions of normal velocities along the cylindrical screen at different angles at a
distance of 7.6 cm from the screen surface with (a) no deflector, (b) deflector with uniform openings,
(c) deflector with non-uniform openings obtained in a laboratory test in the absence of flow in the
hydraulic channel.

3.6. Influence of Deflectors on Inlet and Approach Velocity Distributions

The results of the measurements shown in Figures 14-17 make it possible to analyze
the effect of the deflector on the inlet and approach velocities to the cylindrical wedge wire
screen intake. Figure 18 compares with each other the distributions of approach velocities
along the screen section at 0 degrees away from the screen surface 0.5 cm, 2.5 cm, 5.1 cm,
and 7.6 cm for the case without a deflector, with a deflector with equal openings and
with a deflector with varying openings. As can be seen in Figure 18, the unevenness and
maximum inlet and approach velocities were clearly higher for the screen case without a
deflector installed than for the cases with deflectors with equal and differentiated openings.
For smaller distances (0.5 cm and 2.5 cm), slightly smaller maximum normal velocities
were measured with the deflector with varied openings than with equal openings.

The relationships between the distributions of inlet and approach velocities in the
absence of a deflector and also with deflectors with equal and non-uniform openings for
the other measurement lines analyzed at angles of 45°, 90°, and 135° were similar to those
shown in Figure 15 for the 0° angle.
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Figure 18. Distributions of normal velocities along the cylindrical screen at 0° (above the screen) with
no deflector, with deflector with uniform openings, and with deflector with non-uniform openings at
a distance of (a) 0.5 cm; (b) 2.5 cm; (c) 5.1 cm; (d) 7.6 cm from the screen surface obtained in laboratory
tests in the absence of flow in the hydraulic channel.

3.7. Influence of Cylindrical Wedge Wire Screen and Deflectors on Maximum Inlet and Approach
Velocities and Non-Uniformity of Velocity Distribution

One of the tasks of the cylindrical wedge wire screens and deflectors was to reduce
maximum inlet and approach velocities below maximum acceptable values. Figure 19
summarizes the values of maximum inlet and approach velocities V,;y in longitudinal
sections of the screen at different distances from the screen surface and at different angles
in the cross-section. As shown earlier, mounting the cylindrical wedge wire screens at the
end of the suction pipe reduced the value of the maximum inlet velocity from 2.17 m/s
(Figure 13) to 0.08 m/s (Figure 19). In contrast, as can be seen in Figure 19, mounting any of
the deflectors caused a significant reduction in the maximum inlet and approach velocities
at short distances from the screen surface (0.5 cm and 2.5 cm). This effect was clearly greater
when a deflector with varying opening sizes was installed than when a deflector with
equally sized openings was installed. As one moved away from the screen surface, the
influence decreased, and already at a distance of 5.1 cm, it was the same regardless of the
type of deflector mounted. At a distance of 7.6 cm, the measured maximum velocities were
similar to each other regardless of whether the deflectors were mounted or not.
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Figure 19. Maximum velocities in cross-sections along the screen at 0° (above the screen), 45°, 90° and
135° without deflector, with deflector with uniform openings, and with deflector with non-uniform
openings at 0.5 cm, 2.5 cm, 5.1 cm, and 7.6 cm from the screen surface obtained in laboratory tests in
the absence of flow in the hydraulic channel.

The effectiveness of the analyzed deflectors mounted inside the cylindrical wedge wire
screen could also be expressed by the degree of equalization of inlet and approach velocity
non-uniformities. Less inhomogeneity of these velocity vectors meant smaller values
of the highest inlet and approach velocities at the same intake capacities. The inlet and
approach velocity non-uniformities expressed by quotients (Vyyax/ Vaor) and (Viax / Viyin) are
summarized in Figures 20 and 21. As can be seen, in almost all cases, the non-uniformities
were significantly lower after the installation of any of the analyzed deflectors. In the
case of the Vi /Vapr ratio, the value when using a deflector with uniform and non-
uniform openings was, on average, about 12% and 14% lower, respectively, compared
to the situation without using a deflector. When talking about the Vi;x/ Vi, ratio, the
percentage differences were greater, averaging 38% and 47%, for the deflector with uniform
and non-uniform openings, respectively.
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Figure 20. Maximum to average velocity ratios in cross-sections along the cylindrical screen at 0°
(above the screen), 45°, 90°, and 135° without deflector, with deflector with uniform openings, and
with deflector with non-uniform openings at 0.5 cm, 2.5 cm, 5.1 cm and 7.6 cm distance from the
screen surface obtained in laboratory tests in the absence of flow in the hydraulic channel.
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Figure 21. Maximum velocities in cross-sections along the screen at 0° (above the screen), 45°, 90°,
and 135° without deflector, with deflector with uniform openings, and with deflector with non-
uniform openings at 0.5 cm, 2.5 cm, 5.1 cm, and 7.6 cm from the screen surface obtained in laboratory
tests in the absence of flow in the hydraulic channel.

However, as in the case of maximum velocities, the type of deflector had much less
effect on the reduction of unevenness. At a small distance after installing a deflector with
varying openings, the non-uniformities were slightly lower than after installing a deflector
with identical openings. At greater distances, regardless of the type of deflector, the effect
was negligible.

3.8. Head Loss When Flowing through the Cylindrical Wedge Wire Screen with and without Deflectors

During the experimental study, head losses were measured when flowing through a
cylindrical wedge wire screen without and with deflectors in place. The values of head
loss were determined based on measurements of the water table level in the flume and the
vacuum at the screen outlet. The head loss at a flow rate of 275 dm3/min (~4.6 dm?3/s)
through the tested water intake screen without a deflector installed was 0.183 m, at the
same flow rate but with a deflector with equally sized openings, 0.207 m, and with a
deflector with unequal opening diameters and at a slightly lower flow rate of 270 dm?®/min
(4.5 dm3/s) was determined to be equal to 0.218 m. As can be seen, the measured values
of head loss in all cases were relatively low and close to each other. Putting on a deflector
with equal openings resulted in an increase in head loss of only about 13 percent and a
deflector with unequal openings by about 19 percent.

3.9. Comparison of Laboratory Experiments with Numerical Test Results

The performed numerical simulations allowed for a graphical presentation of the
obtained velocity distributions in the hydraulic trough near the wedge wire screen that is
shown in Figure 22a—d. The obtained normal velocity values were read at the points where
laboratory measurements were made. The summary of values obtained during laboratory
measurements and numerical simulations is shown in Figure 22e—g. As can be seen, the
results of numerical simulations do not differ significantly from experimental results. In
the case of tests without the use of a deflector inside the analyzed screen, the difference
between laboratory tests and numerical simulations averaged about 19%, in the case of
tests with a deflector with non-uniform and uniform holes 20% and 13%, respectively.
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Figure 22. Distribution of (a) velocities and (b) normal velocities without a deflector installed inside
the screen (c) normal velocities with a deflector with non-uniform openings (d) normal velocities
with a deflector with uniform openings installed inside the screen obtained in CFD simulations
in the absence of flow in the hydraulic channel; distribution of normal velocities in cross-sections

at an angle of 0° (above the screen), along the length of the cylindrical wedge wire screen (from
0 to 15 cm) at different distances from the surface of the screen (0.5; 2.5; 5.1; 7.6 cm) obtained in
numerical simulations and laboratory measurements in the tests in the absence of flow in the hydraulic
channel (e) without deflector, (f) with deflector with non-uniform openings (g) with deflector with

uniform openings.
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In conclusion, the results of the simulations carried out largely coincide with the ex-
perimental results. This confirms the correctness of their conduct as well as the correctness
of the subsequent analysis of the obtained results. A detailed analysis of the numerical
simulations makes it possible to draw conclusions analogous to those of the experimental
studies in terms of the distributions of the normal components of the velocity, the critical
locations (with the highest velocity values) as well as the use of the deflector and its effect
on reducing local velocity values.

4. Discussion

Although some areas are experiencing a decline in water demand, the total amount
of water captured for municipal as well as industrial purposes worldwide continues to
increase. High inlet velocities to surface water intake with high capacities, especially those
for cooling purposes, pose a very high threat to ichthyofauna. Migrating fish of small size
or juveniles with poor swimming skills are dragged in, maimed, and killed. Similar risks
are posed by turbines in hydroelectric power plants. The studies conducted on a cylindrical
wedge wire water intake model showed a significant reduction in maximum inlet and
approach velocities around the screen surface at similar intake capacities. In order to reduce
the non-uniformity of the inflow velocity distribution around the screen surface, it was
proposed to install first a deflector with uniform openings and then with non-uniform
ones. The smaller openings were located on the suction side of the pump. Both proposed
deflector designs significantly bridged the inequalities between water inflow velocities to
the screen surface. As expected, the proposed uneven distribution of perforations in one
of the deflectors allowed for a more even distribution of inlet and approach velocities to
the screen surface. However, from a practical point of view, the differences between the
two proposed deflectors were small. The differences between the maximum inlet velocities
(Vmax) as well as between the quotients Viax/ Vimin 0f the inlet velocities for deflectors with
equal and unequal hole sizes did not exceed 25%, and between the quotients Viax/Vay of
the inlet velocities for both types of deflectors did not even exceed 4%. As one moved away
from the inlet surface into the cylinder, the differences between both types of deflectors
decreased and, at a distance of 5 cm from the surface, the maximum velocities were identical
for deflectors with equal as well as unequal hole sizes. The results of the experimental and
numerical studies of the developed water intake model designs allowed a detailed analysis
of the inlet and approach velocity distributions around the cylindrical wedge wire inlet
screen, as well as a detailed visualization of the current lines around the analyzed screen and
information on velocity vectors. The developed intake model allows safe intake velocities
for ichthyofauna while maintaining sufficiently high yields. The models developed had
relatively low pressure losses, both in the absence of and with deflectors. The experimental
and numerical studies carried out showed the smallest approach velocities at the top and
the highest at the axillary level. Information on the distribution of approach velocities to
the cylinder screen in the vertical cross-section makes it possible to identify areas more or
less at risk of attracting juvenile fish or floating elements. Studies show that the greatest
such risks will occur at the axillary level of the cylinder screen. In contrast, it will be the
smallest in the area above the cylinder, especially when a deflector with equal openings
is installed inside. This also means that there is less of a risk of dragging in, not only fish
but also ice and snow that may be present above the screen in the winter period. The
results obtained from numerical calculations and experimental tests had high agreement.
This demonstrates the correctness of the methodology adopted during the experimental
studies as the correctness of the mathematical model adopted in the numerical calculations
of the RNG k-ewas significantly lower (renormalization group applied to Navier Stokes
equations). This model is suitable when different types of flows occur in different areas
of analysis.

For the analyzed water intake inlet pipe capacity without the screen, the inlet velocities
far exceeded acceptable standards. Installation of the cylindrical screen increased the area
of the intake and significantly reduced inlet and approach velocities, but they were still
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too high in some areas of the screen. Installing the proposed deflectors to equalize inflow
velocities resulted in up to a threefold reduction in the highest inlet and approach velocities
measured around the cylindrical screen. The deflector with non-uniform opening sizes
reduced the highest inflow velocities more than the deflector with equal openings. The
highest inflow velocities obtained during the tests for the cylindrical screen with the
deflector with non-uniform openings met most of the standards.

5. Conclusions

Large-volume water intakes for municipal, cooling, or hydroelectric purposes, which
consist of the intake pipe alone without an installed screen, can pose a serious threat to
local or migrating ichthyofauna. For these types of intakes, maintaining intake velocities
below maximum allowable values that are safe for small-length fry is very difficult. This
requires very large inlet pipe diameters, which is often impossible or uneconomical. With
an inlet capacity of 4.5 L/s during the experiments and an inlet pipe diameter without an
installed screen equal to 50 mm, the inlet velocity of 2.17 m/s and approach velocities at
2.5 cm, 5.1 cm, and 7.6 cm from inlet surface were determined to be 0.5 m/s, 0.11 m/s, and
0.07 m/s, respectively. These values far exceeded those allowed by American, Canadian,
and British standards for the protection of ichthyofauna. Mounting the screen model at
the end of the inlet pipe in the form of a cylindrical wedge wire screen with a diameter
of 15 cm increased the area of the inlet and significantly reduced the inlet and approach
velocity while maintaining similar water intake capacity. The highest determined inlet
velocity decreased by almost 20 times and amounted to 0.08 m/s, while approach velocities
decreased by 3 to 10 times and amounted to 0.05 m/s, 0.03 m/s, and 0.02 m/s, respectively.
These values meet most global standards. Still, the intake could pose a threat to smaller
individuals, especially “eel” type fish moving. Measurements of inlet and approach
velocities showed large heterogeneity in their distribution around the cylindrical screen.
The heterogeneity of inlet and approach velocities expressed in quotients (Vyuax/ Vaor) were
1.8,1.6, 1.4, and 1.5, respectively, and expressed in quotients (Vyax/ Vi) were 10, 5, 5.5,
and 3.5, respectively. In order to reduce the heterogeneity of inlet and approach velocities,
an elaborate deflector with uniform openings of 6 mm diameter was installed inside the
cylindrical screen. The mounted deflector reduced the quotients (Vuax/ Vior) to the values
of 1.5, 1.4, 1.35, and 1.3, respectively, and expressed by the quotient (Vyax/ Vyin) to the
values of 4.5, 3, 2.2, and 2.1, respectively. As a result, the highest determined value of the
inlet velocity decreased by 1 and was 0.06 m/s, and the approach velocities depending on
the distance from the screen decreased to values of 0.045 m/s, 0.025 m/s, and 0.012 m/s.
Based on the measured distributions of inlet and approach velocity heterogeneity around
the screen, a deflector was developed with openings of varying sizes from 3 mm on the
pump side to 10 mm on the opposite side. With the deflector developed in this way, the
inlet velocity heterogeneity expressed in quotients (Viux/ Vaor) and (Viuax / Viyin) decreased
by 5% and 20%, respectively. While the highest inlet velocity decreased by almost 20% to a
value of 0.05 m/s.

Analysis of the results showed that inlet velocities and approach velocities to the
surface of the cylindrical screen were smallest above the screen (at 0° to vertical), and
highest at the axillary level, (at 90° to vertical). This means less risk of pulling in fish
flowing over the intake and floating ice and drift during winter periods, and more for fish
flowing at the screen level.

Wanting to check the effect of the developed deflectors on the operating costs associ-
ated with the pumping screen, the head losses with the deflectors installed were determined.
Installing at a similar throughput of 4.5 dm3/s inside the inlet screen, a deflector with equal
openings increased the head loss from 0.183 m to 0.207 m (by about 13 percent), and for a
deflector with unequal inlet openings to 0.218 m (by about 19 percent).

Numerical calculations conducted with ANSYS Fluent using computational fluid
mechanics methods yielded velocity values similar to those measured during laboratory
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tests. This provides some verification of the results obtained and indicates the correctness
of the methodology adopted and the RNG k-emathematical model application.

The results of the CFD numerical calculations provided a complete visualization of
the current lines and velocities around the screen.

In the literature, there are no detailed results of experimental measurements and
numerical calculations for the solutions shown in the article.

The test results described in the article are for the special case of the operation of an
intake with a cylindrical screen in which the movement of water in the flume or reservoir
is small. The results of experimental and numerical studies for the case of turbulent
movement in the flume from which water is captured with a cylindrical screen will be
presented in the future.

It is also necessary to conduct future tests under conditions of different flow velocities
in the flume and to take into account the effect of the sweeping velocity against the pull of
small fish and fry. The study needs to be verified on a technical scale and with different
sizes and species of fish.
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