
Chapter 1 
Flow in Open 

Channels
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• Free surface: The interface between the air and the upper 
layer of water.

• Ocean waves, river currents, and overland flow of rainfall 
are examples of free-surface flow that occur in nature.

10.1 Introduction
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• In relatively short reaches, called transitions, there is a rapid 
change in depth and velocity.

• Rapidly varied flow: A rapid change in depth and velocity.

• Gradually varied flow: In extensive reaches of a channel, 
the velocity and depth change in a slow manner.

10.2 Open-Channel Flows
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Froude number

For example, if Fr > 1, the flow possesses a relatively high velocity 
and shallow depth; on the other hand, when Fr < 1, the velocity is 
relatively low and the depth is relatively deep.

10.2 Open-Channel Flows
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Channel cross sections can be considered regular or irregular.

Regular section: Section whose shape does not vary along the 
length of the channel.

10.3 Uniform Flow
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Wetted perimeter: The length of the line of contact between the liquid 
and the channel.

Hydraulic radius: The area divided by the wetted perimeter.
For a rectangular channel:

For a trapezoidal section:

10.3 Uniform Flow
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For a circular cross section:

10.3 Uniform Flow
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Equation for Uniform Flow:
Uniform flow occurs in a channel when the depth and velocity do not 
vary along its length.

Chezy-Manning equation:

The depth associated with uniform flow is designated y0; it is called 
either uniform depth or normal depth. Uniform flow rarely occurs in 
rivers because of the irregularity of the geometry.

10.3 Uniform Flow
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Most Efficient Section

10.3 Uniform Flow
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Total energy: The sum of the vertical distance to the channel bottom
measured from a horizontal datum, the depth of flow, and the kinetic 
energy head.

Energy is actually an energy head.

hL is the head loss.

10.4 Energy Concepts
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Specific Energy

Specific energy: Measurement of energy relative to the bottom of the 
channel.

Specific discharge: The total discharge divided by the channel width 
(valid only for a rectangular channel).

10.4 Energy Concepts
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Critical depth: The depth for which specific energy is a minimum.

10.4 Energy Concepts
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Alternate depths: The two depths of flow that are possible for a given 
specific energy and discharge.

For a generalized section, the specific energy is written in terms of the 
total discharge Q and the cross-sectional area A as

10.4 Energy Concepts
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Use of the Energy Equation in Transitions

The condition of choked flow or a choking condition implies that 
minimum specific energy exists within the transition.

10.4 Energy Concepts
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Energy losses in expansions and contractions are known to be 
relatively small when the flow is subcritical.

Flow Measurement
Weir: A device placed in a channel that forces the flow through an 
opening or aperture, often designed to measure the discharge.

Flow will converge and accelerate to a critical condition near the crest 
of the weir.

10.4 Energy Concepts
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Parshall flume: An open flume where the throat is constricted to 
choke the flow to create critical flow followed by a hydraulic jump.

10.4 Energy Concepts
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Hydraulic Jump
A phenomenon where fluid flowing at a supercritical state will undergo
a transition to a subcritical state.

10.5 Momentum Concepts
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A translating hydraulic jump is a positive surge wave, maintaining a 
stable front as it propagates into an undisturbed region.

10.5 Momentum Concepts
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Drag on Submerged Objects

10.5 Momentum Concepts
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Numerical Solution of the Momentum Equation

Consider a trapezoidal channel with conditions known at location 1 
upstream of the jump.

10.5 Momentum Concepts
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Differential Equation for Gradually Varied Flow

10.6 Nonuniform Gradually Varied Flow
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Controls and Critical Flow
A control is a channel feature that establishes a depth-discharge 
relationship in its vicinity.

If Fr < 1, the first wave would travel upstream, and the opposite wave 
would travel downstream at a speed less than 2c. For Fr > 1 in the 
channel, since V > c, both waves are swept downstream.

10.6 Nonuniform Gradually Varied Flow
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Profile Synthesis

10.6 Nonuniform Gradually Varied Flow
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Standard Step Method

10.7 Numerical Analysis of Water Surface
Profiles
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Numerical Integration Method
A useful integration scheme is the two-point Gauss–Legendre 
quadrature.

10.7 Numerical Analysis of Water Surface
Profiles
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Irregular Channels

Direct Integration Methods

10.7 Numerical Analysis of Water Surface
Profiles
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10.8 Summary


