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· Open Channel Flow
An open channel is a passage in which liquid flows with a free surface, open channel flow has uniform atmospheric pressure exerted on its surface and is produced under the action of fluid weight. It is more difficult to analyze open channel flow due to its free surface. Flow is an open channel is essentially governed by Gravity force apart from inertia and viscous forces.

· Classification of channels 
There are two types of channels i) Natural Channel ii) Artificial Channel

Natural channels: The irregular sections of varying shapes are the natural channels. Ex. Rivers, streams and drains etc. 

Artificial Channels: Artificial open channels are built for some specific purpose, such as irrigation, water supply, water power development etc. Such channels are regular in shape and alignment. Surface roughness is also uniform. Depending upon the shape, a channel is either prismatic or non-prismatic. 

A channel is said to be prismatic when the cross section is uniform and the bed slope is constant. Ex. Rectangular, trapezoidal, circular, parabolic. 

A channel is said to be non-prismatic when its cross section and for slope change. Ex: River, Streams & Estuary. 

Open Channels and Closed Channels: A channel without any cover at the top are known as open channel. A channel having cover at the top is known as closed channel.







· Types of Flow in Open Channel
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· Geometric properties of open channels 

Depth of flow (y): It is the vertical distance between the lowest points of the channel sections from the free liquid surface. It is expressed in meters.
Area of cross section or Wetted area (A) : It is the area of the liquid surface when a cross section is taken normal to the direction of flow. It is expressed in m2. 
Wetted perimeter (P): It is the length of the channel boundary in contact with the flowing liquid at any section. It is expressed in meters. 
Hydraulics radius or Hydraulic mean depth (R): It is the ratio of area of cross section (A) to the wetted perimeter (P). it is expressed in meters.
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· Geometric properties for different types of prismatic channels:
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· Sub-Critical, critical and super-critical flow
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· Chezy’s Formula(Discharge):


· Manning’s Formula: The value of Chezy’s constant is given as[image: ]

· Bazin’s Formula: The value of Chezy’s constant is given as
                                   [image: ]

Short Questions (minimum 10 previous JNTUH Questions – Year to be mentioned) 

1. What do you understand by flow in open channel?
2. Differentiate between critical, sub critical and super critical flow in open channel.
3. What is meant by economical section of a channel?
4. Explain the terms: i) specific energy of a flowing liquid (ii) minimum specific energy
                                (iii) Critical depth iv) critical velocity.
5. Explain the terms : mild ,critical ,steep ,horizontal and adverse slopes
6. Write bazin’s formula for uniform flow.
7. Explain the comparison between pipe flow and open channel flow.
8. Classify the types of open channels and explain with examples.
9. Explain the types of open channel flows.
10. Explain the velocity distribution for open channel flow and pipe flow.



Long Questions (minimum 10 previous JNTUH Questions – Year to be mentioned) 

1. Derive an expression for the discharge through a channel by chezy’s formula
2. Derive the conditions for most economical section of a rectangular channel
3. Derive the conditions for the best side slope of the most economical trapezoidal section.
4. Prove that for a channel of circular section , the depth of flow , d=0.81D D for maximum velocity , and d=0.95D for maximum discharge, D=diameter of a circular channel, 
d= depth of flow.
5. Derive an expression for critical depth and critical velocity.
6. Derive the condition for maximum discharge for a given value of specific energy.
7. Find the discharge through a trapezoidal channel of 8 m wide and side slopes of 1 horizontal to 3 vertical. The depth of flow is 2.4 m and Chezy’s constant C = 55. The slope of bed of the channel is 1 in 4000
8. A trapezoidal channel has side slopes of 1 horizontal and 2 vertical and the slope of the bed is 1 in 1500. The area of cross section is 40m2. Find dimensions of the most economical section. Determine discharge if C=50 
9. A rectangular channel 4mts wide has a depth of water 1.5mts.The slope  of the bed of the channel is 1 in 1000 and value of Chezy's constant C=55  It is desired to increase the discharge to a maximum by changing the  dimensions of the section for constant area of cross-section, slope of the  bed and roughness of the channel .Find the new dimensions of the channel and increase in discharge. 
10. Find the diameter of a circular sewer pipe which is laid at a slope of 1 in 8000and carries a discharge of 800 litres/sec when flowing half full. Take the value of Manning's N=0.020 


Fill in the Blanks / Choose the Best: (Minimum 10 to 15 with Answers)
1. The flow characteristic of a channel does not change with time at any point. The type of flow is ______________(Steady  Flow)
2. To keep the cost down or minimum ______________should be minimum for given discharge.
3. The discharge through open channel by Chezy’s  formula __________
4. The flow in open channel is said to be laminar if Reynold’s number is _________
5. The flow in open channel is said to be Turbulent if Reynold’s number is _________
6. The flow in open channel is said to be Streaming if Froude’s number is _________
7. The flow in open channel is said to be shooting if Froude’s number is _________
8. The flow in open channels is defined as _____________________________________
9. Wetted perimeter of half hexagon channel is _____________
10. Hydraulic radius R is given by formula ______________
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· Non-Uniform Flow:
[image: ]
· Hydraulic Jump
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· Uses of Hydraulic Jump
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· Gradually Varied Flow: 
If the depth of the flow in a channel gradually changes over a long length of the channel, the flow is said to be Gradually Varied Flow and is denoted by G.V.F.

In GVF, depth and velocity vary slowly, and the free surface is stable 
The GVF is classified based on the channel slope, and the magnitude of flow depth. 
Steep Slope (S): So > Sc or h < hc 
Critical Slope (C): So = Sc or h = hc 
Mild Slope (M): So < Sc or h > hc 
Horizontal Slope (H): So = 0 
Adverse Slope(A): So = Negative 
where 
So : the slope of the channel bed, 
Sc : the critical slope that sustains a given discharge as uniform flow at the critical depth (hc).
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· Gradually Varied Flow: 
Rapidly varied flow is another type of non-uniform open-channel flow where the fluid depth changes rapidly over a small reach of the channel. The phenomenon of a hydraulic jump, one type of rapidly varied flow, will be presented first, followed by a discussion of the specific force.
[image: Image result for rapidly varied flow"]

Short Questions (minimum 10 previous JNTUH Questions – Year to be mentioned) 

1. Explain the terms: i) rapidly varying flow ii) gradually varying flow.
2. Explain the term hydraulic jump?
3. Define the terms :i)afflux ii) back water curve
4. What is meant by energy dissipation?
5. Explain the classification of channel bottom slopes.
6. Explain the characteristics of Surface profiles.
7. Classify the types of hydraulic jump.
8. Explain the applications of hydraulic jump.
9. Briefly explain the types of surges.
10. Define the Length of Hydraulic Jump.




Long Questions (minimum 10 previous JNTUH Questions – Year to be mentioned) 

1. Derive an expression for the depth of hydraulic jump in terms of upstream Froude number.
2. By applying the momentum equation, to open channel flow, [image: ] = [image: ]. State the assumptions made in the derivations.
3. Derive the differential equation for steady gradually varied flow open channels and list all assumptions.
4. Prove that the loss of energy head in a hydraulic jump is equal to  , where d1 and d2 are the conjugate depths.

5. Explain in detail about the classification and characteristics of surface profiles.

6. Derive the equation for gradually varying flow.

7. The depth of flow of water, at a certain section of a rectangular channel of 2 m wide is 0.3 m. The discharge through the channel is 1.5 m3/s.  Determine whether a hydraulic jump will occur, and if so, find its height and loss of energy per kg of water. 

8. A sluice gate discharges water into a horizontal rectangular channel with a velocity of 10 m/s and depth of flow of 1 m. Determine the depth of flow after jump and consequent loss in total head. Also determine whether a hydraulic jump will occur.

9. Find the slope of the free water surface in a rectangular channel of width 20 m, having depth of flow 5 m. The discharge through the channel is 50 m3/s. The bed of channel is having a slope of 1 in 4000. Take C=60 .

10. Find the rate of change of depth of water in a rectangular channel of 10 m wide and 1.5 m deep, when water is flowing with a velocity of 1 m/s. The flow of water through the channel of bed slope in 1 in 4000, is regulated in such a way that energy line is having a slope of 0.00004 
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