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Abstract Hydropower, or hydroelectric power, is a form of renewable energy that uses water stored in dams and flowing in rivers to generate electricity in hydroelectric power plants. The falling water rotates the blades of a turbine, which then

turns a generator that converts the mechanical energy of the spinning turbine into electrical energy. Hydropower is a significant part of the world's electricity production. In this article we explain where the wasted energy lies and how it can be
converted into electricity and used as renewable energy in a clean and safe environment. The principle of hydraulic jumping is based on the conservation of energy and momentum in fluid flow. When a fast, supercritical flow encounters a slower,
subcritical flow, the excess Kinetic energy must be dissipated. This dissipation occurs through the conversion of kinetic energy to potential energy and turbulence. Although studies have shown that submerged flow produces the highest energy values

from hydraulic surges compared to free flow, this article is concerned with the freestyle water jumping required by the general nature of the dams in Algeria, in order to determine the best shaped-basin of energy dissipation.

Keywords: dissipation, energy, flow hydraulic jump, hydroelectric power, water
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1. Introduction

Energy demand has rapidly increased as a result of technological

advancements and significant population development. There are
numerous categories into which energy can be divided, including green
and non-green energies, as well as renewable and non-renewable
energies. Continuous production of renewable energy comes from
natural processes or renewable natural resources. Natural resources
Include things like the sun, wind, and tides. It is anticipated that the
primary strategy for combating climate change will be renewable
energy [1]. Additionally, about 45 nations have regulations devoted
exclusively to the use of renewable energy for heating and cooling.
According to the estimate, by 2050, renewable energy will supply
about half of the world's electricity. Figure 1 shows that in 2018, 28%
of the world's electricity came from renewable sources, the majority of
which (96%) came from hydropower, wind, and solar technologies [1].
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Figure 1: World net electricity generation, IEO reference case (1990-2050)

Hydroelectricity generation decreased by over 100 TWh (down over
2%) In 2023, due to lower than usual generation in a few key countries,
Including China, India, Canada, the United States and Viet Nam caused
by draughts. In result global generation decreased to 4 250 TWh.
Hydropower remains the largest renewable source of electricity,
generating almost as much as all other renewable technologies
combined. In the Net Zero Emissions by 2050 (NZE) Scenario,
hydropower maintains an average annual generation growth rate of
3.5% in 2024-2030 to provide approximately 5 400 TWh of electricity
per year. However, between 2018 and 2023, hydroelectricity generation
Increased by less than 1%, signalling a need for significantly stronger
efforts, especially to streamline permitting and ensure project
sustainability. Hydropower plants should be recognized as a reliable
backbone of the clean power systems of the future and supported
accordingly [2].

The theory iIs to build a dam on a large river that has a large drop In
elevation ). The dam stores lots of water behind it in the reservoir. Near
the bottom of the dam wall there iIs the water intake. Gravity causes it
to fall through the penstock inside the dam. At the end of the penstock
there Is a turbine propellor, which is turned by the moving water. The
shaft from the turbine goes up into the generator, which produces the
power. Power lines are connected to the generator that carry electricity
to your home and mine. The water continues past the propellor through
the tailrace into the river past the dam [3].
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Figure 2: Hydroelectricity: dams and hydraulic power plants, IEO reference

A dam is basically a man-made hydraulic structure built across a valley
to provide sufficient water to users. However, there is a risk of dam
overtopping during the extreme flood where the inflow of water
Increase and raise the reservoir level due to major rainfall situation. To
dispose surplus of water from the upstream to downstream effectively,
the spillway system can be designed to pass safely floodwaters above,
below, within or around the dam [4] Because of the conversion of
whole potential energy into kinetic energy, water flowing over a
spillway has a very high Kkinetic energy. Thus, serious scour of channel
bed as illustrated in Figure 3 may occur due to the high velocity of
water that is discharged through the spillway or pipe outlet [5].
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Figure 3: Flow process downstream of a spillway

_ hydraulic jump In order to transfer it into electrical energy.

The main difference between an embankment dam (Fig.3) and a concrete dam
(Fig.2) lies In the materials used for construction, the construction methods,
flexibility, cost, and maintenance requirements. Embankment dams are made of
natural materials and are more flexible, while concrete dams are made entirely
of concrete, offering greater strength and durability [6]. According to Algeria’s
ANBT, the total cost of building a concrete dam is more expensive than an
embankment dam, so our objective is to conserve the energy lost by the classic
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1. Research Methodology

Water flowing over a spillway has a very high kinetic energy because of the
conversion of the entire potential energy to the kinetic energy. If the water
flowing with such a high velocity is discharged directly into the channel
downstream, serious scour of the channel bed may occur. If the scour Is not
properly controlled, it may extend backward and may endanger the spillway
and the dam. In order to protect the channel bed against scour, the Kinetic
energy of the water should be dissipated before it is discharged into the
channel. The energy-dissipating devices can be broadly classified into two
types:

1. Devices using a hydraulic jump for the dissipation of energy.

2. Devices using a bucket for the dissipation of energy.

The choice of the energy dissipating device at a particular spillway Is governed
by the tail water depth and the characteristics of the hydraulic jump, if formed,
at the toe.

2.1. Characteristics of a Hydraulic Jump:

2.1.1 Mathematical Derivation of Hydraulic Jump.

Hydraulic jumps are commonly experienced in rivers and canals, in industrial
applications and manufacturing processes, as well as in the kitchen sink. A
hydraulic jump Is the sudden transition from a supercritical open channel flow
regime to a subcritical flow motion. Figure 4 describe hydraulic jump the in a

horizontal rectangular channel and neglecting boundary friction.

Figure 4: Classic hydraulic jump.

Let

1-1 = section on the upstream side of the hydraulic jump,

2-2 = section on the downstream side of the hydraulic jump,

h, = depth of flow at section 1-1, ;= flow velocity at section 1-1,

h,, V, = corresponding values at section 2-2, and g = discharge per unit width,
qg = Q/b , where Q = total discharge and b = width of channel and hydraulic
jump

Fy, and Fy, , the external forces applied to the moving liquid mass are
summarized by the hydrostatic pressure forces acting respectively on sections
1-1 and 2-2.

The momentum equation allows writing:

1 1 _ _
pQ? (A_z + A_1> = pg(hiA; — hyA;) — Fy (1)

Where Q is the flow discharge in the channel,p is the density of liquid, g is the

acceleration due to gravity and h; and h, are respectively the positions of the

center of gravity of sections A;and A, relative to the free surface of the flow in

these sections.

For a hydraulic jump that develops in a trapezoidal-shaped horizontal channel

with walls that slope laterally by m.

The application of Newton's law leads to writing:
bh? mh3 . Q2 _ bh? mh3 . Q2

2 g(bhy + mh3) 2 3

3 g(bh, + mh3) (2)
The type of jump and its characteristics depend mainly upon the Froude
number of the incoming flow or the initial Froude number (F;), given by

Vi
F, = (3)
' VIh
The equation (2) can be written in dimensionless terms as:

L+ M _@+2m[ ( 2My\ (o 2M\]
YA +MYI T 20+ M) ( +T)_( +T)] ()

F2 |1

J
\
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Ktriangular channel.

Where Y Is the Sequent depth ratio and, M is the shape parameter.

The relation (4) expresses the variation of the Froude number upstream of the
jump as a function of the ratio Y of the conjugate heights and the shape
parameter M. The equations governing jumps in a channel of constant
rectangular section and in a triangular channel can be deduced from relation
(4). In the case 1. The rectangular shaped-channel iIs a special case of the
trapezoidal channel for which the side slope m = cot90° = 0, or M = 0, so

the equation (4) becomes:
Y2 —1
> (5)

Eqg. (5) is the theoretical solution of the impulse principle by Bélanger [7];
and it’s translates a classic jump without obstacle downstream.
For the case 2: the triangular profile corresponds to a trapezoidal profile with
a base b = 0, that iIs M — 0; so the equation (4) becomes:

, 2Y*(Y*+Y+1)

LT 730+ 1) (6)
Figure 5 graphically represents, in a Cartesian coordinate system, the
relationship (4): 4
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Figure 5: Variation of the Froude number F; as a function of the ratio Y and the shape
parameter M.
0 < M < oo: Trapezoidal profile, M = 0: Rectangular profile, M — oo: Triangular profile

2.1.2. Hydraulic Jump as an Energy Dissipater:
The energy loss In a jJump equals the difference in specific energy before and
after the jump. The amount of energy loss Is:
AE =E,—E, (7)
V2 V22

According Bernoulli's theorem where; E; = hy + ai and E, = h, + ay

Taking into account the previous relationships, the hydraulic jump efficiencies
In a horizontal trapezoidal channel is expressed as follows:

v 4 FZ(1+ M)3

., B [ 2Y2(1 + 2M)(1 + MY)? )
1 Eq 14 FZ(1+ M)
2(1 + 2M)

The figure below shows the variation of hydraulic jump efficiency n as a
function of the Froude number for the variation of ¥ and M in the trapezoidal
channels, it is included between the efficiency curves of the jump in the
triangular channel and the rectangular channel.

1

T I T T
o0
O
0.5 — —
M T
¥,
-
O g 1 1 1 1
1 3 S 7 2 11

Figure 6: Hydraulic jump efficiency n as a function of the Froude number F;
M — oo: Case of the triangular profile, M = 0: Case of the rectangular channel

3. Results and discussion
Using the previous equations, the power in watts generated from the hydraulic
jump is calculated as follows:

P(W) =vy,QAEn  (9)
Where; y,, is the Specific weight of water = 9.81(kN/m3), Q is the total
discharge(m?3/s), AE is the energy dissipated as head (m) and n is the
hydraulic jump efficiency.
According to the schematic diagram shown below in Figure 6, it is shown
that, for the same of Froude Number F;, the efficiency n Is significant for the
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4. Conclusion

In this study, we determined the relationship of conjugate heights, based on
the Froude number F;, by applying the momentum theorem, and we found that
starting from the trapezoidal channel, we can deduce the result concerning
rectangular and triangular channels. Regarding the relationship of relative head
loss, we used Bernoulli's theorem to determine the total head upstream and
downstream of the jump; thus, we can deduce the result for the rectangular and
triangular channels. The graphical representation of the relationship of the
jump efficiency, as a function of the Froude number F; iIn a trapezoidal
channel, showed that the triangular channel presents the greatest interest from
an efficiency standpoint. This research shows that the energy generated by
different types of hydraulic jumps that occur with the highest efficiency is that
generated In triangular channels without surface roughness.
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