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Open channel hydraulics, a subject of great importance to
civil engineers, deals with flows having a free surface in
channels constructed for water supply, irrigation, drainage,
and hydroelectric power generation; in sewers, culverts,
and tunnels flowing partially full; and in natural streams
and rivers.

An open channel is a duct in which the liquid flows with a
free surface.

This is in contrast with pipe flow in which the liquid
completely fills the pipe and flow under pressure.

The flow in a pipe takes place due to difference of pressure
(pressure gradient), whereas in open channel it is due to the
slope of the channel bed (i.e.; due to gravity).
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It may be noted that the flow in a closed conduit is not
necessarily a pipe flow. It must be classified as open
channel flow if the liquid has a free surface.

for a pipe flow:

The hydraulic gradient line (HGL) is the sum of the
elevation and the pressure head (connecting the water
surfaces in piezometers).

The energy gradient line (EGL) is the sum of the HGL
and velocity head.

The amount of energy loss when the liquid flows from
section 1 to section 2 is indicated by hL.
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Pipe system
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For open channel flow :

The hydraulic gradient line (HGL) corresponds to the
water surface line (WSL); the free water surface is
subjected to only atmospheric pressure which is
commonly referred to as the zero pressure reference in
hydraulic engineering practice.

The energy gradient line (EGL) is the sum of the HGL
and velocity head.

The amount of energy loss when the liquid flows from
section 1 to section 2 is indicated by hL. For uniform
flow in an open channel, this drop in the EGL is equal to
the drop in the channel bed.

Introduction



Open Channel
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Based on their existence, an open channel can be natural or
artificial :

Natural channels such as streams, rivers, valleys , etc.
These are generally irregular in shape, alignment and
roughness of the surface.

Artificial channels are built for some specific purpose,
such as irrigation, water supply, wastewater, water
power development, and rain collection channels. These
are regular in shape and alignment with uniform
roughness of the boundary surface.

Type of Open Channels
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Based on their shape, an open channel can be prismatic or
non-prismatic:

Prismatic channels: a channel is said to be prismatic
when the cross section is uniform and the bed slop is
constant.

)Non-prismatic channels: when either the cross section
or the slope (or both) change, the channel is referred to
as non-prismatic. It is obvious that only artificial
channel can be prismatic.

The most common shapes of prismatic channels are
rectangular, parabolic, triangular, trapezoidal and circular.

Type of Open Channels
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 The most common shapes of prismatic channels are
rectangular, parabolic, triangular, trapezoidal and circular.



Types of Flow in Open Channels

The flow in an open channel can be classified into the
following types :

A).Uniform and non-uniform flow:

 If for a given length of the channel, the velocity of flow,
depth of flow, slope of the channel and cross-section
remain constant, the flow is said to be uniform.

 Otherwise it is said to be non-uniform.

 Non-uniform flow is also called varied flow which can be
further classified as:
 Gradually varied flow (GVF) where the depth of the flow changes

gradually along the length of the channel.

 Rapidly varied flow (RVF) where the depth of flow changes
suddenly over a small length of the channel. For example, when
water flows over an overflow dam, there is a sudden rise (depth) of
water at the toe of the dam, and a hydraulic jump forms.
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Uniform Flow
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B). Steady and unsteady flow: :

 The flow is steady when, at a particular section, the depth
of the liquid and other parameters (such as velocity, area of
cross section, discharge) do not change with time. In an
unsteady flow, the depth of flow and other parameters
change with time.

C). Laminar and turbulent flow:

 The flow in open channel can be either laminar or
turbulent. In practice, however, the laminar flow occurs
very rarely. The engineer is concerned mainly with
turbulent flow. In the case of open channel Reynold’s
number is defined as:
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Recall that Reynold’s number is the measure of relative effects 
of the inertia forces to viscous forces.
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D). Sub-critical, critical, and supercritical flow:

 The criterion used in this classification is what is known by
Froude number, Fr, which is the measure of the relative
effects of inertia forces to gravity force:
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D). Sub-critical, critical, and supercritical flow:

 The criterion used in this classification is what is known by
Froude number, Fr, which is the measure of the relative
effects of inertia forces to gravity force:



Flow Formulas in Open Channels

In the case of steady-uniform flow in an open channel, the
following main features must be satisfied:

 The water depth, water area, discharge, and the velocity
distribution at all sections throughout the entire channel
length must remain constant, i.e.; Q , A , y , V remain
constant through the channel length.

 The slope of the energy gradient line (S), the water surface
slope (Sws), and the channel bed slope (S0) are equal.

S = Sws = S0
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Flow Formulas in Open Channels
 The depth of flow, y , is defined as the vertical distance

between the lowest point of the channel bed and the free
surface.

 The depth of flow section, D , is defined as the depth of
liquid at the section, measured normal to the direction of
flow.
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Unless mentioned otherwise, the depth of flow and the depth of flow section 
will be assumed equal. For uniform flow the depth attains a constant value 
known as the normal depth, yn



SRCV h

1.The Chezy Formula(1769)

C is the Chezy coefficient (Chezy’s resistance factor), m1/2/s, a dimensional 
factor which characterizes the resistance to flow .
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Flow Formulas in Open Channels

Many empirical formulas are used to describe the flow in open 
channels

The Chezy formula is probably the first formula derived for 
uniform flow. It may be expressed in the following form



2. The Manning Formula: (1895)
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where n = Manning’s coefficient for the channel roughness, 
m-1/3/s.

Substituting manning Eq. into Chezy  Eq, we obtain the 
Manning’s formula for uniform flow:
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3. The Strickler Formula:

Flow Formulas in Open Channels

where kstr = Strickler coefficient, m1/3/s Comparing 
Manning formula and Strickler formulas, we can see that



Example 1
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open channel of width = 3m as shown, bed slope = 1:5000, 
d=1.5m find the flow rate using Manning equation, n=0.025.
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Example 2

open channel as shown, bed slope = 69:1584, find the flow rate 
using Chezy equation, C=35.

Flow Formulas in Open Channels
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Example 2 cont.



During the design stages of an open channel, the
channel cross-section, roughness and bottom slope
are given.

The objective is to determine the flow velocity, depth
and flow rate, given any one of them. The design of
channels involves selecting the channel shape and
bed slope to convey a given flow rate with a given
flow depth. For a given discharge, slope and
roughness, the designer aims to minimize the
cross-sectional area A in order to reduce
construction costs
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A section of a channel is said to be most economical

when the cost of construction of the channel is

minimum.

But the cost of construction of a channel depends on

excavation and the lining. To keep the cost down or

minimum, the wetted perimeter, for a given discharge,

should be minimum.

This condition is utilized for determining the

dimensions of economical sections of different forms of

channels.
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Most economical section is also called the best
section or most efficient section as the discharge,
passing through a most economical section of channel
for a given cross sectional area A, slope of the bed S0
and a resistance coefficient, is maximum.

Most Economical Section of Channels

Hence the discharge Q will be maximum when the wetted 
perimeter P is minimum.



The most ‘efficient’ cross-sectional shape is determined
for uniform flow conditions. Considering a given
discharge Q, the velocity V is maximum for the
minimum cross-section A. According to the Manning
equation the hydraulic diameter is then maximum.

It can be shown that:
1. the wetted perimeter is also minimum,
2. the semi-circle section (semi-circle having its

centre in the surface) is the best hydraulic section

Most Economical Section of Channels




