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• Ability to calculate discharge carrying 
capacity of open channels  [a, e]

• Ability to calculate water surface profiles 
in open channels manually and with the 
help of computer [a, e, k]
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Expected student outcomes
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Difference between pipe and open channel flow
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6.1 Open channel flow classification

• Steady  and Unsteady flow
• Uniform and non-uniform flow

Gradually 
varied flow

Rapidly 
varied flow
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(a) Gradually varied flow (GVF), rapidly varied flow (RVF), and 
uniform flow (UF) (b) and (c) Unsteady varied flow
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6.2 Uniform flow in open channels

θγτ sin0 0 ALPLF +−==∑Applying momentum equation, we get

For very small angle of inclination (θ less than 10o) 0tansin S=≈ θθ
and for uniform flow eSW SSS == ..0 eRSγτ =0

8



10/5/2013

5

9

10



10/5/2013

6

11

Normal depth of flow for trapezoidal channels
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Normal depth of flow for circular channels
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A 3-m-wide rectangular irrigation channel carries a discharge of 25.3 m3/sec at 
a uniform depth of 1.2 m. Determine the slope of the channel if Manning's 
coefficient is n = 0.022.

Example 6.1
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Example 6.3

If the discharge in the channel in Example 6.1 is increased to 40 m3/sec, what 
is the normal depth of the flow?
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Example 6.3
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Example 6.4

Prove that the best hydraulic trapezoidal section is a half-hexagon.

To find the best hydraulic section we need to minimize the cost of material used 
in the channel. In other words, we need to minimize the wetted perimeter, for 
given roughness, discharge and bed slope.
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Now consider both A and m constant and let the first derivative of P with 
respect to y equal zero to obtain the minimum value of P

( ) mm
y

myby −+=+
12 2

2

2

Substituting A from  Equation (1), we get
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Substituting the value of b from Equation (3) into 
the above equation and simplifying, we have 2

y
Rh =

It shows that the best hydraulic trapezoidal section has a hydraulic 
radius equal to one-half of the water depth. Substituting Equation (3) 
into Equation (2) and solving for P, we have

( ) )4(122 2 mmyP −+=
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To determine the value of m that makes P the least, the first derivative of P 
is taken with respect to m. Equating it to zero and simplifying, we have
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Which shows that it is a hexagon. We can also observe that P = 3B
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Shape Best 
Geometry 

A P B 

Trapezoidal Half hexagon 273.1 y  y46.3  y31.2  

Rectangle Half square 22y  y4  y2  

Triangle Half square 2y  y83.2  y2  

Semicircle - 25.0 yπ  
yπ  y2  

Parabola - 289.1 y  y77.3  y83.2  

 

A=Area
P=Wetted perimeter
B= Top width
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6.4 Energy principles in open channel flow
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Alternate depths

Subcritical and 
supercritical flow
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Froude Number, NF =
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Example 6.5
A hydraulic transition is designed to connect two rectangular channels of the same
width by a sloped floor. If the channel is 3 m wide and is carrying a discharge of 15
m3/sec at 3.6 m depth, determine the water surface profile in the transition. Assume 0.1
m energy loss uniformly distributed through the transition.



10/5/2013

14

27

28

Section Specific energy, E E (m) y (m)

Inlet 3.7 3.6

4.00 m =3.7-0.1/5+0.4/5= 3.76 3.67

8.00 m =3.76-0.1/5+0.4/5= 3.82 3.73

12.00 m =3.82-0.1/5+0.4/5= 3.88 3.79

16.00 m =3.94-0.1/5+0.4/5= 3.94 3.86

Exit =3.94-0.1/5+0.4/5= 4 3.92
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Initial depth and sequent depth of a hydraulic jump (Conjugate depths)

6.5 Hydraulic jumps
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Example 6.7
A 10-ft-wide rectangular channel carries 500 cfs of water ata 2-ft depth before entering
a jump. Compute the downstream water depth and the critical depth.
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6.6 Gradually Varied Flow
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6.7 Classifications of Gradually Varied Flow
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6.8 Computation of Water Surface Profiles
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6.8 Computation of Water Surface Profiles
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6.8.1 Standard step method

The standard step method is presented in this section to calculate gradually varied flow water
surface profiles. The method employs a finite difference solution scheme to solve the differential, 
gradually varied flow equation (Equation 6.25). It is the most common algorithm used in 
computer software packages that solve gradually varied flow profiles.
The standard step method is derived directly from an energy balance between two adjacent
cross sections (Figure 6.14) that are separated by a sufficiently short distance so that the water
surface can be approximated by a straight line. The energy relation between the two sections may
be written as
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Figure 6.14 Energy relationships in a water surface profile
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6.8.2 Direct step method
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6.9 Hydraulic design of open channels
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6.9.1 Unlined channels
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CIVL 4046 Fluid Mechanics 57
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6.9.2 Rigid boundary channels

CIVL 4046 Fluid Mechanics 60


