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Graduate Certificate in Hydraulic Engineering

* Hydraulic Engineering Analysis

Hydraulic Engineering Analysis is a critical area of study in the Graduate Certificate in Hydraulic Engineering.
This field involves the application of fluid mechanics principles to the design and analysis of water
conveyance and control systems, such as pipelines, channels, and hydraulic structures. This explanation will
cover key terms and vocabulary that are essential for understanding hydraulic engineering analysis.

1. Fluid Mechanics:

Fluid mechanics is the study of the behavior of fluids, including liquids and gases, under different
conditions. It involves the analysis of fluid flow, pressure, and energy. In hydraulic engineering analysis, fluid
mechanics principles are applied to the design and analysis of water conveyance and control systems.

2. Hydraulics:

Hydraulics is a branch of fluid mechanics that deals with the study of fluids in motion and the forces that act
on them. It is concerned with the application of fluid mechanics principles to the design and analysis of
hydraulic systems, such as pumps, turbines, and hydraulic cylinders.

3. Fluid Flow:

Fluid flow refers to the movement of fluids, including liquids and gases, from one point to another. It is
described by various parameters, such as velocity, volume flow rate, and Reynolds number. In hydraulic
engineering analysis, fluid flow is analyzed to determine the pressure drops, energy losses, and flow
patterns in water conveyance and control systems.

4. Hydraulic Grade Line (HGL):

The hydraulic grade line is a graphical representation of the energy level in a pipe or channel. It shows the
total energy per unit weight of the fluid, including the pressure head and the velocity head. The HGL is used
to determine the energy losses and pressure drops in water conveyance and control systems.

5. Energy Grade Line (EGL):

The energy grade line is a graphical representation of the energy per unit weight of the fluid in a pipe or
channel. It shows the sum of the pressure head, velocity head, and elevation head. The EGL is used to
determine the energy losses and pressure drops in water conveyance and control systems.

6. Pressure Head:

Pressure head is the height of a column of fluid that corresponds to the pressure exerted by the fluid. It is
expressed in units of length and is used to measure the pressure in a fluid.

7. Velocity Head:

Velocity head is the height of a column of fluid that corresponds to the kinetic energy of the fluid. It is
expressed in units of length and is used to measure the velocity of a fluid.

8. Elevation Head:

Elevation head is the height of a point above a datum. It is expressed in units of length and is used to
measure the potential energy of a fluid.
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9. Darcy-Weisbach Equation:
The Darcy-Weisbach equation is a widely used formula for calculating the pressure loss in a pipe due to
friction. It is expressed as:

hf = f (L/D) (V?/29)

where hf is the head loss due to friction, f is the friction factor, L is the length of the pipe, D is the diameter
of the pipe, V is the velocity of the fluid, and g is the acceleration due to gravity.

10. Manning's Equation:
Manning's equation is a widely used formula for calculating the flow rate in open channels. It is expressed
as:

Q = (1/n) AR?/35"/2

where Q is the flow rate, n is the Manning roughness coefficient, A is the cross-sectional area of the
channel, R is the hydraulic radius, and S is the slope of the energy grade line.

11. Specific Energy:
Specific energy is the total energy per unit weight of the fluid, expressed as:

E=y+V%2g

where E is the specific energy, y is the depth of flow, V is the velocity of the fluid, and g is the acceleration
due to gravity.

12. Critical Depth:
Critical depth is the depth of flow at which the specific energy is minimum. It is expressed as:

y\_c = (Q¥/g9)"(1/3)
where y\_c is the critical depth, Q is the flow rate, and g is the acceleration due to gravity.

13. Subcritical Flow:
Subcritical flow is the flow regime in which the Froude number is less than one. It is characterized by
smooth and tranquil flow.

14. Supercritical Flow:
Supercritical flow is the flow regime in which the Froude number is greater than one. It is characterized by
rapid and turbulent flow.

15. Froude Number:
The Froude number is a dimensionless parameter used to describe the flow regime in open channels. It is
expressed as:
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Fr=V/(gy)*(1/2)

where Fr is the Froude number, V is the velocity of the fluid, g is the acceleration due to gravity, and y is the
depth of flow.

In conclusion, this explanation has covered key terms and vocabulary that are essential for understanding
hydraulic engineering analysis. These terms and concepts are fundamental to the design and analysis of
water conveyance and control systems. By understanding these terms and concepts, students of the
Graduate Certificate in Hydraulic Engineering will be better equipped to tackle the challenges of this field.

Hydraulic Engineering Analysis: This refers to the study and application of the principles of fluid mechanics
to problems involving the collection, storage, control, transport, and use of water. It encompasses the
design and analysis of hydraulic structures, such as dams, canals, and pipelines, as well as the study of open
channel flow, sediment transport, and environmental fluid mechanics.

Fluid Mechanics: This is the branch of physics that deals with the behavior of fluids, including both liquids
and gases. It involves the study of the forces that act on fluids and the way they flow in response to those
forces.

Liquids: These are a type of fluid that maintain a constant volume regardless of the shape of their container.
Liquids flow and take the shape of their container, but their volume remains constant.

Gases: These are a type of fluid that expand or contract to fill the volume of their container. Gases have no
definite shape and their volume changes with the shape of their container.

Forces: These are any external agents that cause a body to accelerate or change its shape. In fluid
mechanics, the forces that act on fluids include pressure, gravity, and viscous forces.

Pressure: This is the force per unit area exerted by a fluid on a surface. Pressure is a scalar quantity and is
measured in units of force per unit area, such as pounds per square inch (psi) or pascals (Pa).

Gravity: This is the force of attraction between two bodies, proportional to their mass and inversely
proportional to the square of the distance between them. In fluid mechanics, gravity acts on fluids and
causes them to flow downbhill.

Viscous Forces: These are the forces that arise due to the internal friction of a fluid. Viscous forces oppose
the motion of a fluid and cause it to slow down or stop.

Open Channel Flow: This is the flow of a fluid in a channel that is open to the atmosphere. Examples of
open channel flow include rivers, canals, and spillways.

Sediment Transport: This is the movement of sediment, such as sand, gravel, and rocks, by a fluid. Sediment
transport is an important process in hydraulic engineering because it affects the stability and behavior of
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hydraulic structures, such as dams and levees.

Environmental Fluid Mechanics: This is the study of the behavior of fluids in the natural environment, such
as in rivers, lakes, and oceans. Environmental fluid mechanics is an interdisciplinary field that combines
elements of fluid mechanics, geology, ecology, and other disciplines.

Hydraulic Structures: These are structures that are designed to control, store, or transport water. Examples
of hydraulic structures include dams, canals, pipelines, and levees.

Dams: These are large structures that are built across rivers or valleys to impound water and create a
reservoir. Dams are used for a variety of purposes, including water supply, irrigation, flood control, and
hydroelectric power generation.

Canals: These are artificial channels that are used to transport water from one location to another. Canals
are used for irrigation, water supply, and navigation.

Pipelines: These are long, narrow conduits that are used to transport fluids from one location to another.
Pipelines are used for a variety of purposes, including water supply, oil and gas transport, and sewage
disposal.

Levees: These are embankments that are built along the banks of rivers to prevent flooding. Levees are used
to protect urban areas, farmland, and other areas from the damaging effects of floodwaters.

In the Graduate Certificate in Hydraulic Engineering, students will learn about these and other key terms
and concepts in hydraulic engineering analysis. They will learn how to apply the principles of fluid
mechanics to the design and analysis of hydraulic structures and systems, and how to solve real-world
problems involving open channel flow, sediment transport, and environmental fluid mechanics.

For example, students might learn how to design a dam to impound water for a hydroelectric power plant.
They would need to consider the size and shape of the dam, the materials used to build it, and the potential
effects of the dam on the environment. They would also need to consider the forces that act on the dam,
including the pressure of the water behind the dam and the weight of the dam itself.

Students might also learn how to design a canal to transport water from a river to an irrigation system. They
would need to consider the size and shape of the canal, the materials used to build it, and the potential
effects of the canal on the environment. They would also need to consider the flow of water in the canal,
including the velocity and depth of the water, and the potential for erosion or sedimentation.

In addition to these practical applications, students in the Graduate Certificate in Hydraulic Engineering will
also learn about the challenges and limitations of hydraulic engineering analysis. They will learn about the
uncertainties and complexities of fluid mechanics, and how to account for them in their designs and
analyses. They will also learn about the ethical and social implications of hydraulic engineering, and how to
make responsible decisions that balance the needs of different stakeholders.
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In conclusion, hydraulic engineering analysis is the study and application of the principles of fluid mechanics
to problems involving the collection, storage, control, transport, and use of water. It encompasses the
design and analysis of hydraulic structures, such as dams, canals, and pipelines, as well as the study of open
channel flow, sediment transport, and environmental fluid mechanics. In the Graduate Certificate in
Hydraulic Engineering, students will learn about these and other key terms and concepts in hydraulic
engineering analysis, and how to apply them to real-world problems and challenges.
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