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1. a) 
Derive the condition for depth of flow of a most economical circular channel section subject to the condition for maximum velocity.

   b) 

Water flows in a channel of the shape of isosceles triangle of bed width 'a 'and sides making an. angle of 450 with the bed. Determine the relation between depth of flow d, and the bed width 'a' for maximum velocity and for maximum discharge condition. Use Manning's formula and note that d is less than 0.5 a. 


2.a) 
Show that the discharge formula for a trapezoidal channel having Manning’s coefficient n = 0.0126 and carrying maximum flow is given by 


Q = 100 y 8/3 (√1+z 2 – z /2) S01/2
Where Q is discharge in cubic meters per second, y is depth of flow in the channel of side slope 1 vertical to Z horizontal and S0 is the bed slope of the channel.

b)  A field drain of triangular section has side slopes of 1 upon 2 and carries water at a normal depth of 0.75m. Chezy's C for the channel is 45. Determine the longitudinal slope of the drain for a discharge of 1.2 cumecs. Determine the Froude number and identify the state of flow. Assume α= 1.16.

3.a)
How do you estimate the loss of energy in hydraulic jump?

   b)
A rectangular channel 6 m wide discharges 11200 lit/s of water into a 6 m wide 

apron with no slope with a mean depth velocity of 6 m/s. What is the height of the 
jump?. How much energy is absorbed in the jump?

4. A river discharges 2500 cumecs. The rugosity coefficient of the river bed is 0.028. If a model of the river is made adopting a horizontal scale ratio 1:1000 and a vertical scale ratio 1:75, calculate the discharge in the model and the regosity coefficient of its bed.


5.a)
Define momentum equation.  Write any two applications.




b)
A rectangular plate weighing 60N is suspended vertically by a hinge on the horizontal edge. The center of gravity of the plate is 100mm from the hinge. A horizontal jet of water 20mm diameter, whose axis is 150mm below the hinge, impinges normally on the plate with a velocity of 5m/sec. find the horizontal force applied at the C.G to maintain the plate in its vertical position. Find the corresponding 
velocity of the jet, if the plate is deflected through 300 and the same force continues to act at the C.G of the plate.
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6.
A Pelton wheel is required to develop 12000 kw when working under a head of 
300m. It rotates at a speed of 540 rpm. Assuming the jet ratio as 10 and overall 
efficiency as 84%, calculate 

a) The diameter of the wheel 

b) The quantities of water required and 


c)   The number of jets.








7.a)
What are the requirements of a good surge tank so that the efficiency of hydropower installation is maximum?







b)
How is the Kaplan turbine governed? Explain with a neat diagram.


8.a)
What is meant by priming of a centrifugal pump ? What are the different priming arrangements employed for small and big pumping units ?


b)
A centrifugal pump works against a head of 30 m and discharges 0.25 m3/s while running at 1000 rpm. The velocity of flow at the outlet is 3 m/s and the vane angle at outlet is 30(. Determine the diameter and width of impeller at outlet if the hydraulic efficiency is 80 per cent.




+ + + + + 

Code No: NR-310101

III B.Tech I–Semester Supplementary Examinations, November-2004

HYDRAULICS AND HYDRAULIC MACHINERY

 (Civil Engineering)

Time: 3 hours






Max. Marks: 80

Answer any Five questions

All questions carry equal marks






       ---

1.a) 
Derive the equation that defines cross section of an open channel with constant velocity at all depths of flow.

b) 
A flow of water of 100 liters per second flows down in a rectangular flume of width 60 cm and having adjustable bottom slope. If Chezy's constant C is 56, find the bottom slope necessary .for uniform flow with a depth of flow of 30 cm. Also find the conveyance K of the flume.

2.a)
Fluid flows with out friction over a horizontal bed with velocity V and depth d such that V -> 
[image: image1.wmf]gd

. To what height must the channel bottom be raised to make the flow just critical?

   b) 
A rectangular channel is reduced gradually from 2 m to 1.5 m and the floor is     raised by 25cm at a given section. When the approaching depth of flow is 1.5 m, what rate of flow will be indicated, if the flow at the contracted section is at critical depth?

3. A rectangular channel 6 metres wide has a uniform slope of 1 in 2000. Normal 

flow occurs when there is a constant depth of 0.90 metre and the quantity flowing 
is 8.50 cumec. A dam placed across the channel raises the depth just upstream of the dam to 1.89 metre when 8.50 cumec is flowing. Find how far the depth will be 1.50 metre.

4.
In a 1 in 20 model of a stilling basin, the height of the hydraulic jump in the model is observed to be 0.20 metre. What is the height of the hydraulic jump in the 
prototype? If the energy dissipated in the model is 
[image: image2.wmf]10

1

 h.p., what is the 
corresponding value in prototype?

5.a)
Find the expression for the force exerted by the jet on a flat vertical plate moving in the direction of the jet.








b)
A jet of diameter 150mm strikes a flat plate normally with a velocity of 20m/sec. The plate is moving with a velocity of 5m/sec in the direction of the jet and away from the jet. Find 

i)The force exerted by the jet on the plate 


ii)Wok done by the jet on the plate per second.






6.
A Pelton wheel working under a head of 500m has an overall efficiency of 85% and runs at  400 rpm, and developes 
7000 kw of power. Taking the bucket speed as 0.47 times the jet speed and assuming Cv = 0.97, find 

a) The wheel diameter and 
b)   The jet diameter
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7.a)
When does the dynamic similarity exist between the model and prototype?



   b)
How does the load variation on generator have effect on turbine in hydropower installation? What is the role of a governor?







8.a)
Why should the suction lift of a centrifugal pump not exceed a certain  limit ?


 b)
A centrifugal pump is to discharge 120 lps at a speed of 1400 rpm against a head of 30 m. The manometric efficiency of the pump is 75%. Determine the vane angle at outlet if the diameter and width of impeller are 25 cm and 5 cm respectively.
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1.a) 
Show that the discharge in a hydraulically most efficient trapezoidal channel is given by 

Q = 0.56 C b5/2 √S

Where c is the Chezy’s constant, b is bottom width and  s is the channel slope.

b) 
A rectangular channel 4 m wide has depth of water 1.5 m. 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. 

2.a)
What are the different characteristics of critical state of flow? What is a control section? Describe with sketches any two-control sections.

b)
A channel of trapezoidal section has a base width of 2.4 rn and depth of flow of 1.2 m. The side slopes of the section are 450 with horizontal. If the discharge is 8 m3/s, calculate the Froude number and specific energy. What is the state of flow? Assume α =1.0.

  c)
A rectangular channel of width 4 m carries a discharge of 10 m3/S. Plot the specific energy diagram and use it to find the critical depth and alternate depth to a depth of 0.7 m. What is the specific energy for this depth Assume α = 1.09. Use the following depths of flow for computations and drawing the graph: 0.6, 0.7, 0.8, 1.1 and 1.4 m

3.a)
What is a back water curve. 

  b)
Differentiate between back water curve and draw down curve.

4.
The pressure drop 
[image: image3.wmf]D

p in a pipe of diameter D and length 
[image: image4.wmf]l

 depends on the mass density (, viscosity ( and the mean velocity of flow v and the average height of protuberence t. Obtain an expression for 
[image: image5.wmf]D

p.

5.a)
Define the term: impact of jets. Obtain an expression for the force exerted by a jet of water on a fixed vertical plate in the direction of the jet.




b)
Find the force exerted by a jet of water of diameter 100mm on a stationary flat plate, when the jet strikes the plate normally with a velocity of 30m/sec.

6.
A Pelton wheel has a tangential velocity of buckets of 15 m/sec. The water is 
being supplied under a head of 36m at the rate of 20 Lps. The bucket deflects the 
jet through an angle of 1600. If the coefficient of velocity of the nozzle is 0.98, 
find the power product by the turbine.    
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 7.a)
A turbine develops 8000 kW at 100 rpm . The head on the turbine is 30 m. 

If the head is 15 m determine the power developed and the speed.



   b)
How do you govern the speed of an impulse turbine? Explain with a 

neat sketch.











c)
Define specific speed and derive the equation.

8.a)
Define static head and manometric head of a centrifugal pump.


 b)
A centrifugal pump delivers water against a net head of 14.5m and design  speed of 1000 rpm. The vanes are curved back to an angle of 30( with the periphery. The impeller diameter is 300 mm and outlet width 50 mm. Determine the discharge of the pump if the manometric efficiency is 95%.
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1.a) 
Prove that in uniform open channel flow, the water surface is parallel to the channel bed.

   b)
 A trapezoidal channel with side slope of 2H:1V has to carry a discharge of 20 


cumecs. If the bottom width is 4m, calculate the bottom slope required to maintain a uniform flow at a depth of 1.5 m take manning’s n=0.015

2.a)
Show that relation between the alternate depths y1 and y2 in a rectangular channel can be expressed by 

2Y12 Y22
-------------   =  Yc3

  (y1+y2)

   b)
A trapezoidal channel has a bed width of 5 m, side slopes of 1 upon 1.5 and Manning's n = 0.015. Compute the critical slope and the corresponding discharge for a critical depth of 2 m.


3. Explain the phenomenon of hydraulic jump and the significance of froude number. Derive the required equations.

4. Using Buckingham’s Pi theorem show that velocity through a circular orifice is 
given by
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5.a)
State and explain momentum equation.






b)
A jet of water 75mm diameter strikes a curved plate at its center with a velocity of 20m/sec. The curved plate is moving with a velocity of 8m/sec in the direction of the jet. The jet is deflected through an angle of 1650. Assuming the plate to be smooth. Find 

i. Force exerted on the plate in the direction of jet

  ii. Power of the jet and


 iii.Efficiency of the jet.









6.a)
Write a detailed note on efficiencies of turbine.




b) A turbine is to operate under a head of 30m and a speed of 300 rpm. The discharge is 10 cumecs. If the efficiency of the turbine is 90%, determine 

i. The specific speed of the turbine

ii. Power generated and 

iii. Type of turbine
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7.a)
A hydraulic turbine has an output of 6600 kW when it works under a head of 25 m and runs at 100 rpm. What is the type of turbine. What would be speed and power when it works under a head of 16m.






  b)
What is the use of developing constant speed characteristic curves of a turbine?

8.a)
Explain how the discharge, head and power of a pump vary as the speed of the pump is varied.


b)
A centrifugal pump discharges 0.15m3/s of water against a head of 12.5m, the speed of the impeller being 600 rpm. The outer and inner diameters of the impellers are 500 mm and 250 mm respectively. The vanes are bent back at 35(  to the tangent of the exit. If the flow area remains 0.07 m2 from inlet to outlet, find

i)  the manometric efficiency of the pump

ii)  the vane angle at inlet.
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