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Abstract

Introduction: The formation of vortices at the intake and the air entertainment into the
intake duct are important hydraulic phenomena that usually occur in the dam intakes and
cause such problems as energy loss and reduction of intake discharge coefficient. Among
different types of intakes exposed to the vortex phenomenon hydropower intakes are used to
supply water for turbines and thus generate electricity. These intakes are mainly horizontal.
To prevent the formation of strong surface vortices, their strength must be controlled. A
practical solution for this situation is to use anti-vortex structures. These structures mainly
eliminate the vortex by reducing the flow velocity near the intake, lengthening the flow path
between the free water surface and the mouth of the intake, as well as energy dissipation.
Some studies on the structural methods of vortex dissipation have been done by Amiri et al.
(2011), Tahershamsi et al. (2012), Monshizadeh et al. (2018), Taghvaei et al. (2012). In this
study, the effects of horizontal perforated plates on the dissipation of the strong vortices, the
intake discharge coefficient and inlet loss coefficient of the intake are studied.

Methodology: In the present study, a physical model was used to study the performance of
horizontal perforated plates. This model was designed to produce the strongest type of
vortex with air core and different strengths. The main components of the experimental setup
are: reservoir, intake duct, pump and electromotor speed controller device. The dimensions
of reservoir is 1.3 m in wide, 3.5 m long and 2 m high. The mouth of intake extends 20 cm
into the reservoir and is positioned so that the side walls and the bottom of the reservoir do
not affect the flow conditions. The length of the intake pipe is 4.5 m and its diameter is 16 cm.
At a distance of 2 m upstream of the intake in the reservoir, some blades are installed
vertically that by changing their angle relative to the intake axis, the angle of inflow to the
intake can be changed. This makes it possible to strengthen the upstream vorticity to reach
stronger vortices. For modeling the perforated anti-vortex plates, some plastic mesh with
different openings and different thicknesses were used. For each plate, the corresponding
mesh was placed in a metal coil and this coil is screwed to the reservoir wall so that the
perforated plate be placed on the mouth of the intake. By creating 36 types of strong vortices,
the performance of 10 types of perforated plates with different dimensions, thicknesses and
openings was tested.

Results and Discussion: Calibration tests showed that in the range of 1.5D to 2D (where D is
the diameter of the intake pipe) for submergence depth, flow discharges of 15 to 30 lit/s and
blade angles of 0 to 20 degrees, the stable strong vortices were formed. A total of 36
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strong vortices (three relative submergence depths, four flow discharges and three blade
angles) were formed with different strengths in the model. In order to consider the
appropriate confidence limit in this study, the performance of each of the anti-vortex plates
in the model was considered so that it is able to dissipate vortex type-six or decrease to type-
two vortices. Therefore, the conditions in which the strength of a type-six vortex was
reduced by the relevant anti-vortex plate to a type-three (or higher) vortex are known as
critical conditions. It should be noted that the type of vortex is determined based on its
appearance. Finally with 360 tests it was concluded that the effect of opening of the plates to
eliminate the vortex strength is more than the dimensions and the thickness of the plates. In
addition, the effect of using perforated horizontal plates on discharge coefficient and inlet
loss coefficient of the intake was studied. It was concluded that the use of perforated anti-
vortex plate with openings of 70%, 58% and 50% respectively reduces the intake discharge
coefficient by 5.9%, 10.5%, and 13.4%. It is also caused 12.9%, 24.7% and 33.5% for inlet loss
coefficient of the intake, respectively.

Conclusion: The effect of submergence depth on the vortex strength is greater than the flow
discharge and it is also greater than the geometric asymmetry. Dimensions of the plate have
little effect on the vortex dissipation. The thickness of the plates has little effect on the vortex
strength. The opening rate of the plates has a great effect on the vortex and a plate with 50%
opening, was able to dissipate all strong vortices. The vortex strength has a direct
relationship with the inflow angle and the flow discharge and is inversely proportional to
the submergence depth. As the flow discharge increases, the discharge coefficient decreases
and the inlet loss coefficient increases.
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Fig. 1 A view of a spiral vortex (Lugt, 1983)
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Table 1 Geometric characteristics of the model and hydraulic parameters of the flow

Variation Range Signs & Measure Units Parameters Specifications
0.015<Q <0.030 Q (md/s) Flow Discharge
0.75<V<15 V (m/s) Flow Velocity
0.24<5<0.32 S (m) Submerged Depth
Hydraulic
0.60<Fr<1.19 Fr Froud Number
120000 < Re < 240000 Re Reynolds Number
15<S/D<2.0 S/D Relative submergence
0.24<1.<0.32 L (m) Anti-Vortex Plate Length
0.16 <W<0.24 W (m) Anti-Vortex Plate Width
2.0 H (m) Reservoir Height
0.16 D (m) Penstock Diameter Geometric
0.002 < T <0.006 T (m) Anti-Vortex Plate Thickness
%50 < Op < %70 Op (%) Anti-Vortex Plate Opening
0<6<20 0 (Degree) Blades Angle

In above table: Froude and Reynolds numbers are defined as Fr=V/\gD and Re=VD/v, where v is the
kinematic viscosity of the fluid (in square meters per second).
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Table 2 The effect of anti-vortex plates and their geometric characteristics in reducing the vortex strength

Plate Type (1): [W =1D], [L =1.5D], [T =0.002 (m)], [Opening = %70]
S/D 2 1.75 15

Fr =0° ©6=10° ©=20° 6=0° ©=10° 0=20° 0=0° 0=10° ©=20°
0.60 (Q=15) 2 2
0.79 (Q=20)
1.00 (Q=25)
1.19 (Q=30)

2
2

Plate Type (2): [W =1.5D], [L =1.5 D], [T =0.002 (m)], [Opening = %70]

S/D 2 1.75 15

Fr 0=0° ©=10° ©=20° ©=0° 0=10° ©=20° 0=0° ©0=10° ©=20°
0.60 (Q=15) 2 2 2 2 2 2
0.79 (Q=20)
1.00 (Q=25)
1.19 (Q=30)

2
2

Plate Type (3): [W =1D], [L =2 D], [T =0.002 (m)], [Opening = %70]

) 2 175 15

Fr =0° ©6=10° ©=20° 6=0° ©=10° 0=20° 0=0° 0=10° ©=20°
0.60 (Q=15) 1 1 1 2 2 2 2 2 2
0.79 (Q=20)

1.00 (Q=25)
1.19 (Q=30)

Plate Type (4): [W =1D], [L=1.5D], [T =0.004 (m)], [Opening = %70]

) 2 1.75 15
Fr 9=0° 0=10° 0=20° ©=0° 0=10° 0=20° 0=0° ©=10° 0=20°
0.60 (Q=15) 1 1 1 1 2 2 2 2 2

0.79 (Q=20)
1.00 (Q=25)
1.19 (Q=30)

Plate Type (5): [W =1D], [L =1.5D], [T =0.006 (m)], [Opening = %70]

) 2 1.75 15
Fr 6=0° ©=10° ©6=20° ©=0° 0=10° ©=20° 06=0° ©0=10° 0=20°
0.60 (Q=15) 1 1 1 1 1 1 1 1 2

0.79 (Q=20)
1.00 (Q=25)
1.19 (Q=30)

Plate Type (6): [W =1D], [L =1.5 D], [T = 0.002 (m)], [Opening = %66]

S/D 2 1.75 15
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Fr 6=0° ©0=10° 0=20° ©=0° ©=10° 0=20° ©0=0° 0=10° ©=20°
0.60 (Q=15) 1 1 1 1 1 1 1 1 2
0.79 (Q=20) 1 1 1 2 2 2 2 2 2
1.00 (Q=25) 2 2 2 2 3 3 3 4 4
1.19 (Q=30) 4 4 4 4 4 5 5 5 5

Plate Type (7): [W =1D], [L =1.5 D], [T =0.002 (m)], [Opening = %62]

S/ID 2 1.75 15
Fr 0=0° 0=10° 0 =20° 0=0° 0=10° 0 =20° 0=0° 0=10° 0 =20°
0.60 (Q=15) 1 1 1 1 1 1 1 1 2
0.79 (Q=20) 1 1 1 2 2 2 2 2 2
1.00 (Q=25) 2 2 2 2 2 2 2 2 3
1.19 (Q=30) 3 3 3 4 4 4 4 5 5
Plate Type (8): [W =1D], [L =1.5 D], [T =0.002 (m)], [Opening = %58]
S/ID 2 1.75 15
Fr 6=0° 6=10° 6 =20° 6=0° 6 =10° 6 =20° 6=0° 6 =10° 6 =20°
0.60 (Q=15) 1 1 1 1 1 1 1 1 2
0.79 (Q=20) 1 1 1 2 2 2 2 2 2
1.00 (Q=25) 2 2 2 2 2 2 2 2 3
1.19 (Q=30) 2 3 3 3 3 4 4 4 4
Plate Type (9): [W =1D], [L =1.5 D], [T =0.002 (m)], [Opening = %54]
S/D 2 1.75 15
Fr 0=0° 0=10° 0=20° 0=0° 0=10° 0=20° 0=0° 0=10° 0 =20°
0.60 (Q=15) 5 5 1 1 1 1 1 1 2
0.79 (Q=20) 1 1 1 1 1 1 1 2 2
1.00 (Q=25) 2 2 2 2 2 2 2 2 2
1.19 (Q=30) 2 2 2 3 3 3 3 3 3
Plate Type (10): [W =1D], [L =1.5D], [T =0.002 (m)], [Opening = %50]
S/D 2 1.75 15
Fr 6=0° 6=10° 6=20° 6=0° 6 =10° 6 =20° 6=0° 6 =10° 6 =20°
0.60 (Q=15) - - - = 1 1 1 1 1
0.79 (Q=20) 1 1 1 1 1 1 1 1 1
1.00 (Q=25) 1 1 1 1 1 1 2 2 2
1.19 (Q=30) 1 1 2 2 2 2 2 2 2
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Table 3 The values of the discharge coefficient and the inlet loss coefficient of the intake based on different Froude numbers

With AVP With AVP With AVP Without Anti Vortex ~ Froud Flow
(Opening =50%)  (Opening = 58%) (Opening = 70%) Plate (AVP) Nurrnbe Discharg
K Ca K Ca K Ca K Ca Fy e (ivs)
0.2846  0.8831  0.2338 0.9011 0.0928 0.9566  0.0575 0.9724 0.60 15
0.3429 0.8645 0.2443 0.8974 0.1377 0.9379  0.0708 0.9664 0.79 20
0.3619 0.8589 0.2564 0.8929 0.1421 0.9365 0.0787 0.9628 1.00 25,
0.3662 0.8564 0.2613 0.8905 0.1490 0.9329 0.0928 0.9566 1.19 30
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Fig. 12 The variations of inlet loss coefficient of the intake against the Froude number
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