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Graduate Certificate in Hydraulic Engineering

* Open Channel Flow

Open channel flow is a key concept in the field of hydraulic engineering, which deals with the flow of fluids
in channels with free surfaces. This type of flow is commonly observed in rivers, canals, and open culverts. In
this explanation, we will discuss some of the key terms and vocabulary related to open channel flow.

Channel Section: The shape of the channel through which the flow occurs is referred to as the channel
section. Common channel sections include rectangular, trapezoidal, and triangular. The perimeter and area
of the channel section are important parameters used in open channel flow calculations.

Hydraulic Radius: The hydraulic radius is defined as the ratio of the flow area to the wetted perimeter of the
channel section. It is a measure of the efficiency of the channel section in conveying flow. A larger hydraulic
radius indicates a more efficient channel section.

Flow Area: The flow area is the cross-sectional area of the channel section through which the flow occurs. It
is calculated by multiplying the width of the channel section by the depth of flow.

Wetted Perimeter: The wetted perimeter is the length of the channel section that is in contact with the
flowing fluid. It is calculated by adding up the lengths of all the sides of the channel section that are in
contact with the fluid.

Velocity: The velocity of flow is the speed at which the fluid is moving through the channel section. It is
calculated by dividing the flow rate by the flow area.

Flow Rate: The flow rate is the volume of fluid passing through a given point in the channel section per unit
time. It is calculated by multiplying the velocity by the flow area.

Critical Depth: The critical depth is the depth of flow at which the flow changes from subcritical to
supercritical or vice versa. It is calculated by solving the critical flow equation, which is a function of the flow
rate, channel section, and gravitational acceleration.

Specific Energy: The specific energy is the sum of the kinetic energy and potential energy of the flowing
fluid per unit weight. It is calculated by adding the velocity head (kinetic energy) to the pressure head
(potential energy).

Froude Number: The Froude number is a dimensionless parameter used to classify the flow as subcritical,
critical, or supercritical. It is calculated by dividing the velocity by the square root of the product of the
acceleration due to gravity and the critical depth.

Subcritical Flow: Subcritical flow occurs when the Froude number is less than one. In this type of flow, the
flow is tranquil and the depth of flow is greater than the critical depth.

Supercritical Flow: Supercritical flow occurs when the Froude number is greater than one. In this type of
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flow, the flow is rapid and the depth of flow is less than the critical depth.

Normal Depth: The normal depth is the depth of flow in a channel that is uniform and steady. It is calculated
by solving the specific energy equation for depth.

Uniform Flow: Uniform flow occurs when the depth, velocity, and flow rate are constant along the length of
the channel. In this type of flow, the slope of the energy grade line is equal to the slope of the channel
bottom.

Non-uniform Flow: Non-uniform flow occurs when the depth, velocity, and flow rate vary along the length
of the channel. In this type of flow, the slope of the energy grade line is not equal to the slope of the
channel bottom.

Gradually Varied Flow: Gradually varied flow occurs when the changes in depth, velocity, and flow rate along
the length of the channel are gradual. In this type of flow, the energy grade line is gently sloping.

Rapidly Varied Flow: Rapidly varied flow occurs when the changes in depth, velocity, and flow rate along the
length of the channel are rapid. In this type of flow, the energy grade line is steeply sloping.

Hydraulic Jump: A hydraulic jump is a sudden increase in depth and decrease in velocity that occurs when
supercritical flow transitions to subcritical flow. It is a important phenomenon in open channel flow as it
dissipates energy and prevents erosion.

Control Section: A control section is a cross-section of the channel where the flow is controlled. It is used to
calculate the flow rate and head loss in the channel.

Manning's Equation: Manning's equation is a empirical equation used to calculate the flow rate in open
channels. It relates the flow rate, channel section, roughness coefficient, and slope of the energy grade line.

Chezy Equation: The Chezy equation is another empirical equation used to calculate the flow rate in open
channels. It relates the flow rate, channel section, roughness coefficient, and slope of the energy grade line.

In practical applications, open channel flow is used in the design and analysis of water conveyance systems
such as canals, rivers, and flood channels. The key terms and vocabulary discussed in this explanation are
essential in understanding the behavior of open channel flow and in designing efficient and safe water
conveyance systems.

For example, when designing a canal, engineers must consider the channel section, hydraulic radius, and
roughness coefficient to ensure that the flow is efficient and the canal is stable. They must also consider the
Froude number and critical depth to ensure that the flow is stable and does not exhibit surges or hydraulic
jumps.

Similarly, when analyzing the flow in a river, engineers must consider the flow rate, velocity, and depth of
flow to ensure that the flow is safe and does not cause flooding. They must also consider the energy grade
line and slope of the channel to ensure that the flow is stable and does not exhibit rapid variations.

In conclusion, understanding the key terms and vocabulary related to open channel flow is essential for
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hydraulic engineers. These terms and concepts provide a foundation for analyzing and designing water
conveyance systems, and are used in a wide range of practical applications.

Challenges:

1. Calculate the flow rate, velocity, and depth of flow in a rectangular channel with a width of 5 meters and a
slope of 0.001, given a discharge of 10 m”3/s and a Manning's n value of 0.015.

2. Determine the critical depth, Froude number, and type of flow (subcritical, critical, or supercritical) in a
trapezoidal channel with a bottom width of 3 meters, side slopes of 1:1, and a slope of 0.002, given a
discharge of 5 m”3/s.

3. Analyze the flow in a triangular channel with a side slope of 1:1 and a slope of 0.003, given a flow rate of
2 m”~3/s and a Manning's n value of 0.02. Determine the type of flow, energy grade line, and control
section.

4. Design a rectangular channel with a slope of 0.001 and a discharge of 15 m”3/s, given a Manning's n
value of 0.013. Determine the width, depth, and hydraulic radius of the channel.

5. Given a hydraulic jump in a rectangular channel, calculate the upstream and downstream depths, energy
loss, and length of the jump, given a discharge of 10 m”3/s and a channel width of 5 meters.

Note: These challenges are examples and the solutions would require the use of appropriate equations and
calculations, they are not included here as this is a text based response.

Open channel flow is a type of fluid flow in which the fluid flows with a free surface, meaning that the fluid
is in contact with the atmosphere. This is in contrast to closed conduit flow, where the fluid is contained
within a pipe or conduit with no free surface. Open channel flow is common in nature, occurring in rivers,
streams, canals, and channels.

The study of open channel flow involves several key terms and concepts, which are described below:

Flow area: The cross-sectional area of the channel through which the fluid is flowing. This is typically
denoted as 'A'.

Hydraulic radius: The ratio of the flow area to the wetted perimeter of the channel. The wetted perimeter is
the length of the channel bottom and sides that are in contact with the fluid. The hydraulic radius is
denoted as 'R".

Velocity: The speed at which the fluid is flowing. This is typically denoted as V.

Flow rate: The volume of fluid flowing per unit time. This is equal to the flow area multiplied by the velocity,
and is typically denoted as 'Q'".

Critical depth: The depth of flow at which the flow velocity is equal to the critical velocity. The critical
velocity is the velocity at which the flow transitions from subcritical to supercritical. Critical depth is denoted
as 'y\_c.

Subcritical flow: Flow that is slower than the critical velocity. Subcritical flow is stable and tends to maintain
a constant depth.
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Supercritical flow: Flow that is faster than the critical velocity. Supercritical flow is unstable and tends to
form waves and hydraulic jumps.

Hydraulic jump: A sudden increase in flow depth that occurs when supercritical flow decelerates and
transitions to subcritical flow. Hydraulic jumps are characterized by turbulence and energy dissipation.

Specific energy: The sum of the flow velocity head and the flow depth head. Specific energy is denoted as
‘E".
Normal depth: The depth of flow that corresponds to the minimum specific energy at a given flow rate.

Normal depth is denoted as 'y\_n'.

Uniform flow: Flow that has a constant velocity and depth along the length of the channel. Uniform flow is
characterized by a balance between the driving force of gravity and the resisting force of channel friction.

Gradually varied flow: Flow that has a varying velocity and depth along the length of the channel. Gradually
varied flow is characterized by changes in flow depth that occur over long distances.

Roughness: A measure of the resistance to flow caused by the surface texture of the channel. Roughness is
typically denoted as 'n" and is expressed in units of length.

Manning's equation: A empirical formula used to calculate the flow velocity in open channels, based on the
flow area, hydraulic radius, slope, and roughness of the channel. Manning's equation is expressed as:

V = (1/n) * RA(2/3) * S~ (1/2)

where V is the flow velocity, n is the roughness coefficient, R is the hydraulic radius, and S is the slope of the
channel.

Examples:

1. A rectangular channel has a width of 5 meters and a flow depth of 2 meters. Calculate the flow area,
hydraulic radius, and velocity.

Flow area (A) = width * depth =5m*2 m =10 mA2

Wetted perimeter (P) = width + 2 *depth=5m +2*2m=9m

Hydraulic radius (R) = flow area / wetted perimeter = 10 m”*2/9m =111 m
Velocity (V) = flow rate / flow area = 10 m”~3/s /10 m"2 = 1 m/s

2. A trapezoidal channel has a bottom width of 4 meters, side slopes of 1:1, and a flow depth of 2 meters.
Calculate the flow area, hydraulic radius, and velocity.

Flow area (A) = (bottom width + 2 * side slope * depth) *depth /2 =@ m+2*1*2m)*2m /2 =12m"2
Wetted perimeter (P) = bottom width + 2 * side slope * depth * sqrt(1 + side slope”2) =4m +2*1*2m*
sqrt(1 + 122) =10

Hydraulic radius (R) = flow area / wetted perimeter = 12 m”2/10m=12m
Velocity (V) = flow rate / flow area = 10 m”3/s /12 m~2 = 0.83 m/s
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Practical Applications:

1. Design of irrigation canals and water conveyance systems.

2. Analysis of river and stream flow for flood prediction and management.

3. Design of stormwater management systems and urban drainage networks.
4. Analysis of hydropower generation potential and reservoir operations.

5. Evaluation of environmental flows and aquatic ecosystem health.

Challenges:

1. Complexity of flow patterns and interactions with channel geometry and roughness.

2. Uncertainty in boundary conditions, such as inflow rates and channel geometry.

3. Need for accurate and reliable measurement of flow velocity, depth, and other parameters.

4. Integration with other hydraulic and hydrologic processes, such as sediment transport and water quality.
5. Consideration of environmental and ecological impacts of open channel flow systems.

In conclusion, open channel flow is a critical concept in the field of hydraulic engineering, with numerous
practical applications and challenges. The key terms and vocabulary described in this response provide a
foundation for understanding the behavior and analysis of open channel flow systems. These concepts can
be applied to a wide range of engineering and environmental applications, from irrigation and water supply
to flood prediction and management.

Read online: https://learnuni.com/guides/4055344/open-channel-flow LearnUNI - 20 Jun 2026



