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Introduction
• Open channel flow is one in which a liquid flows with a 

free surface (not in contact with a boundary)

• If the flow characteristics (height, cross section, etc.) do not 
change from one section to another along the channel it is 
called uniform flow. Otherwise it is called non-uniform.
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Boundary

Free surface



Dimensional analysis
• The movement of the fluid is characterized by two main

effects: gravity forces and friction forces.

• Two important non-dimensional numbers:

Ø Froude number:

Ø Reynolds number:
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𝐴

Hydraulic radius:

Rh=A/P
𝐴𝐴: cross-sectional area

𝑃: wetted perimeter



Energy equation for channel flow
• Reminder of the energy equation for pipe flow and let the 

pump head and turbine head equal zero:

– Steady
– Uniform cross-section
– Turbulent flow (                           )

• From the sketch:

– : slope of the channel

• It yields:
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* Valid for uniform and nonuniform flows!

𝛼! = 𝛼" ≈ 1.0

𝑆#



Steady uniform flow
• Uniform flow implies no velocity and height change along the slope:

– Then, the energy equation becomes:

– As a result, the slopes of HGL and EGL are the same as the channel’s:

– Then, the head loss       is controlled solely by the slope of the channel

– The Darcy-Weisbach equation for open channel flow is (                 ):

– Then, the velocity is:

• : friction factor
• Obtained from Moody diagram
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𝑆# = ℎ$/𝐿

ℎ$

𝐷 → 4 𝑅%

𝑓



Friction Factor in Turbulent Flows (pipe and channel)

Equivalent sand roughness       for different pipe/channel materialssk



Geometric elements of open channel cross-sections
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Steady uniform flow – Chezy equation
• Traditional method of calculating the discharge

• Remember last equation:

• Defining the coefficient , the velocity becomes:

• And the discharge is given by:
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𝑉 =
8𝑔
𝑓 4 𝑅%𝑆#

𝑉 = 𝐶 𝑅!𝑆"

Q = 𝑉𝐴 = 𝐶𝐴 𝑅!𝑆"

Chezy equation

* Needs an acceptable guess of 𝑓

𝐶 =
8𝑔
𝑓



Steady uniform flow - Exercise

Introduction to fluid mechanics 10Steady uniform flowOpen channel flow



Steady uniform flow - Exercise
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Steady uniform flow – Manning equation

• A common engineering approach to the C coefficient is:

• Then the discharge can be 
calculated with:

• depends on the roughness
• Only valid for SI units!
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𝐶 =
𝑅%

!/'

𝑛

𝑄 =
1.0
𝑛 𝐴 𝑅%

"/( 𝑆#
!/"

Manning’s equation

Open channel flow

* Dimensionally “incorrect”
‘1.0’ is in fact a dimensional coefficient

𝑛

  
Q = 1

n
A Rh

2/3S0
1/2



Steady uniform flow
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Steady uniform flow - EXAMPLES
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Best hydraulic cross-section
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Some examples:

= 𝐵/2

Recall Manning’s equation:
  
Q = 1

n
A Rh

2/3S0
1/2



Non-uniform flow
• Steady Uniform flow:
– Constant velocity along a streamline
– Manning and Chezy equations are valid

• Steady non-uniform flow:
– Velocity change along a streamline
– No change with time

– Two types:
• Rapidly varying

– Changes take place over a short distance
– Neglect the resistance of the channel walls and bottom

• Gradually varying
– Changes take place more gradually, longer distances
– Surface resistance is a significant variable
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Rapidly varied flow - Example
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In this case, we can write 
(see sketch):

From continuity:

Note: now only one unknown: y2 y2=2.5 m

Water surface elevation
drops 0.2 m.

Note: 2 unknowns: y2 and V2

Water flows in a rectangular channel with a velocity of 3 m/s and a depth of 3 m. What is 
the change in water depth and water surface elevation produced by a gradual change in 
bottom elevation of 30 cm?

  hL ≈ 0

  V1 = 3m/s

  (z = 0)

1P
g

1z

?

2V

  z2

2P
g

?

  y2  y1 = 3m ?

  Δzb = 0.3m



Rapidly varied flow – Cases when So and hL can be neglected

• Energy equation:
– Horizontal channel (            )
– Neglect head loss (            )

• Specific energy definition:

• Introducing continuity:

• Energy equation can be rewritten as:
– and       are functions of the depth and
– The specific energy depends only on the depth!

Introduction to fluid mechanics 18Rapidly varied flowOpen channel flow

Length units!

;

𝑆# = 0
ℎ) = 0

𝐴! 𝐴" 𝑦! 𝑦"



fig_15_08

Rapidly varied flow
• The energy of a flow will always be in the forms of:

– Potential energy
– Kinetic energy

• For a given Q and specific energy 𝐸,we
normally have two possible solutions:
– Subcritical flow ●

• Most of the energy in potential form
• Slow and deep

– Supercritical flow ●
• Most of the energy in kinetic form
• Fast and shallow

• Critical flow ● occurs when the specific
energy is minimum (single solution)
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Example - Rapidly varied flow



Critical flow
• Critical flow occurs when specific energy is minimum. 

– Derivative of     respect to     equals zero:

– From geometry:

– Definition of hydraulic depth:

– The critical hydraulic depth is:

– Alternatively:

– For a rectangular channel:
•

•
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Critical flow - example
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• Determine the critical depth for the
trapezoidal channel on the image for a 
discharge of 

1. Equation for critical flow:

2. Knowing the discharge: 

3. Geometry:

4. Solve iteratively. Result:

14𝑚(/𝑠

𝐴 = 𝑦 𝐵 + 𝑦

𝐴*
(

𝑇*
=
14"

9.81 = 20𝑚"

𝑦* = 0.7𝑚

𝑇 = 𝐵 + 2𝑦



Geometric elements of open channel cross-sections
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Critical flow
• Critical flow implies maximum channel discharge

for a given energy :
– For a rectangular channel:

– Considering a unit width of the
channel and letting :

• Critical flow occurs when:
– Specific energy is minimum for a given discharge
– The discharge is maximum for a given specific energy

–

–

– For rectangular channels:
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𝐸 = 𝑦 +
𝑄"
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Critical flow
• Common occurrence of critical flow:

– Broad-crested weir:

– Venturi flume:
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– Break in grade:

– Free overfall:

Flow limited by 
critical conditions

Steep slope:
𝑦! < 𝑦"

Subcritical

Supercritical

Subcritical

Critical

Subcritical

Supercritical

Subcritical
Supercritical

Subcritical Supercritical Subcritical

Hydraulic jump

Used to measure
discharge in channels



Hydraulic jump – A case when hL cannot be neglected (do as exercise)

• A hydraulic jump occurs when a supercritical flow is forced to
become subcritical. It results in:
– Abrupt increase in depth
– Considerable energy loss

• The energy loss in the jump is not known
a priori
– The energy equation cannot be used
– The momentum equation is applied instead:
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Hydraulic jump (Exercise)

• For a rectangular channel of unit width
the momentum equation becomes:

• Since :

• Rearranging:

• Introducing the Froude number:

• Solving the quadratic equation:
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𝑦#

𝑦$

Conjugate depths

𝑞 = 𝑉𝑦

𝑝̅ = 𝛾𝑦(/2 ;    𝑄 = 𝑞 ;    𝐴 = 𝑦



Hydraulic jump (Exercise)

• The head loss is calculated comparing the specific energy before and 
after the occurence of the jump. For a rectangular channel:
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