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1.a)
State the conditions under which the trapezoidal section of an open channel will be most economical.  Derive the conditions.

b) The velocity distribution in a wide rectangular channel may be approximated by the equation u=0.4 + 0.6 y/h m/s.  Find average velocity and energy correction factor if h=1m.

2.a)
Show that the specific energy is minimum for a given discharge at critical state.

b) Consider a 5m wide rectangular channel carrying 20 m3/s at a depth of 2m.  Determine the width of channel to which the channel should be contracted so that to obtain critical flow.

3.a)
A wide rectangular channel (n=0.015) carries a flow of 2.5 m3/s per meter width.  The bed slope of the channel is 0.005.  Determine whether the channel slope is mild, steep or critical.

b) Water flows through a rectangular channel 10m wide with a velocity of 12m/s.  The velocity in the channel is found to be reduced to 1.5 m/s after the hydraulic jump.  Determine the depths of flow before and after the jump and the energy loss.

4.a)
Explain Buckingham’s theorem.

b) Find expressions for the ratio of proto type power to model power in terms of the linear scale ratio based on (i) Reynolds model law  (ii) Froude’s model law  (iii) Mach model law.

c) If the roughness factor in an open channel is 0.016.  Find what would be the roughness in a corresponding model of scale ratio 1:64.

5.a)
Prove that the velocity of the vanes should be half the velocity of jet for maximum efficiency for a series of flat vanes held normal to the axis of the jet.  What is the maximum efficiency?

b) Draw a neat sketch of Kaplan  turbine showing various components.  Explain the functions of each of these components.
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6.a)
Define specific speed of a turbine and obtain an expression for specific speed.

b) A Francis turbine of diameter 3m develops 6750 KW at 300 rpm under a net head of 45m.  A model of scale ratio 1:8 is to be tested at a head of 9m.  Estimate the size, speed discharge and power developed by the model.  Assume overall efficiency of 82% for both model and prototype.

7.a)
A five stage centrifugal pump delivers 120 lps of water against a net pressure of 500 N/cm2.  Find the specific speed  if it  rotates at 1400 rpm.  What type of impeller would be selected for the pump?

b) A centrifugal pump having an overall efficiency of 75% delivers 1800 lpm to a height of 20m through a pipe 10 cm diameter and 90 m long.  Friction factor = 0.03.  Calculate the power required to drive the pump.

8.
Write short notes on:


(a) Specific force diagram.


(b) Control sections.


( c) Cavitation in turbines.

    
(d) Pump characteristics.

- - -
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1.a)
Derive Chezy’s formula.  State the assumptions made in the derivation.  Obtain the relation between the Chezy’s constant and Manning’s roughness factor.

b)
Prove that the flow in a hydraulically most efficient trapezoidal channel is given by Q = 0.742   B8/3(S where S is channel bed slope and B is channel bottom width.     n

2.a)
Show that the specific force is minimum for a given discharge at critical state.

b) A rectangular  channel 3m wide carries 11 m3/s  (i) Find critical depth (ii) Minimum specific energy.  And (iii) What type of flow exists when the depth is 0.6 m and 2.4 m.

3.a)
Sketch the flow profiles for the following cases.

                                                                                Sluice gate 

i) NDL


CDL


                                                                     MILD                                           Abrupt 

                                                                                                                           drop

                                                                                Sluice gate 

ii) CDL


NDL


                                                                     STEEP                                            

b) What are the uses of hydraulic jump.  Show that the loss of head due to hydraulic jump is given by (E = (y2-y1)3/(4y1y2).                                        Cont ….
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4.a)
Explain the various types of similarities that should exist between model and prototype.

b) Find the scale ratio, velocity ratio and discharge ratio for testing model when both the gravity and viscous forces predominate .  Take  Vm = 1/12 Vp.

5.a)
Discuss the difference between, Pelton, Francis and Kaplan turbines.

b) Design a pelton wheel to develop power at a site where the available discharge and head are 20m3/s and 300m respectively.  Assume suitable data needed.

6.a)
What is meant by ‘Cavitation’?  What is Thoma’s cavitation factor and what its significance for water turbines?

b) A model turbine has a runner diameter 0.6m.  It develops 50 KW under a head of 30m at a speed of 4000 rpm.  Compute Ns and Nv for this model.  It is required to build a similar turbine to develop 155 KW under a head of 36 m.  Calculate the required diameter.

7.a)
Discuss the various methods adopted to increase the efficiency of a centrifugal pump by altering the shape of the casing surrounding the impeller.

b) A centrifugal pump of radial type delivers 5000 lpm against a total head of 40m when running at a speed of 1450 rpm.  If the outer diameter of the impeller is 300 mm and its width at the outer periphery is 13 mm,  find the vane angle at the exit.  Take manometric efficiency as 80%.

8.
Write short notes on:

a) Non-dimensional specific energy diagram.

b) Venturi flume.

c) Priming of centrifugal pumps.

d) Turbine characteristics.

- - -
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1.a)
Explain the factors affecting Manning’s roughness coefficient n.

b) A circular channel of 2.6m diameter is laid on a slope of 1 in 1200.  Find the discharge at which the velocity is maximum.  What is the depth required for maximum discharge.  Take chezy coefficient C=50.

2.a)
Prove that for a given specific force discharge through a rectangular channel is maximum under critical flow conditions.

b) A trapezoidal channel having a bottom width of 4m and side slopes 1:1 carries a discharge of 10m3/s.  Compute the critical depth and critical velocity.  If n=0.015 determine the bottom slope required to maintain critical depth.

3.a)
Show that the head loss in a hydraulic jump formed in a rectangular channel may be expressed as (E= (V1-V2)3/ 2g (V1+V2)  where (E is head loss in the jump and V1 and V2 are velocities of flow before and after the jump.

  b)
A rectangular channel 2m circle carries a discharge of 2 m3/s with bed slope 0.0004 and Manning n=0.014.  At a certain section the depth of flow is 1m.  Calculate the length of the flow profile to a section where the depth is 0.9 m by single step method.  Also classify the flow profile.

4.a)
Distinguish between geometric, kinematic and dynamic similarities.  If the same fluid at the same temperature is to be used in model and prototype what is the force scale ratio Fr as per Reynolds and Froude’s model laws.

  b)
The efficiency ( of a fan depends on density ρ viscosity ( of the fluid, angular velocity(, diameter D and discharge Q.  Obtain a functional relationship for ( in terms of dimensionless parameters.

5.a)
Show that the force exerted by a jet in its direction of flow on a fixed semi circular vane is twice that exerted on a stationary flat plate held normal to the jet.

b) A Kaplan turbine runner has outer diameter of 4m and diameter of hub 2m.  It is required to develop 18000 kW when running at 150 rpm under 20m head.  Assuming hydraulic efficiency of 92% and overall efficiency of 86% determine runner vane angles at inlet and exit at the mean diameter of the vanes.
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6.a)
Derive an expression for the specific speed of a Pelton wheel.

b) What are the main and operating characteristic curves of a Francis turbine.  Explain with sketches.

c) An impulse turbine at its best speed produces 100 kW under a head of 60m.  By what percentage should the speed be increased for a head of 85m.

7.a)
In centrifugal pumps distinguish between 


(i) Static head and Manometric head


(ii) Hydraulic losses and Mechanical losses.


(iii) Manometric efficiency and overall efficiency.

b) A fan stage centrifugal pump has impellers 36 cm diameter and 2.0 cm wide at outlet.  The out let vane angle is 450.  The manometric and overall efficiencies are 83% and 72% respectively.  Determine the head generated by the pump when running at 850 rpm discharging 60 lit/sec.  Also calculate its specific speed.

8.
Write short notes on any TWO of the following:

(a) Energy and Momentum correction factors

(b) M1, S1, C1, H3 flow profiles.

(c) Governing of hydraulic turbines.

(d) Characteristic curves of centrifugal pumps.

- - -

Code No. 310101

	Set No 

4


III/IV B.Tech. I-Semester Examination November, 2002.

HYDRAULICS AND HYDRALIC MACHINERY

(Civil Engineering)

Time: 3 hours






   Max. Marks: 80

Answer any FIVE questions

All questions carry equal marks

- - -

1.a)
Show that for the most economical section of a trapezoidal channel the bed width is equal to the length of the side slope.

b) If the velocity distribution in a channel section is given by u/U = (y/L)1/7 where u is the velocity at depth y measured above the bed of the channel, U the velocity at free surface and L the depth of flow, determine the energy and momentum correction factors.

2.a)
Explain the terms critical slope and critical normal slope.

b) Uniform flow of 26.7 m3/s occurs in a rectangular channel 3.5 m wide at a depth of 2m.  Find the height of hump required on the bed of the channel to cause critical flow over the hump.

3.a)
Derive the dynamic equation of gradually varied flow for a wide rectangular channel.  State the assumptions made in the derivation.

b) Write the depth relations and slope relations for the flow profiles M3, S1 and H2.  Give examples for these profiles.

c) A rectangular channel carries a discharge of 2.5 m3/s per metre width.  If a hydraulic jump forms with an initial depth of 0.22 m determine the conjugate depth.

4.a)
The discharge Q over a rectangular notch of length L depends on the head H over the notch and acceleration due to gravity g.  Derive an expression for Q by applying Buckingham’s Pl-theorem.

b) The velocity and discharge lin an open channel are 0.3 m/s and 1.2 m3/s.  If a 1/25 scale model of channel is made what will be the velocity and discharge in the model.  Also find the f orce scale ratio.

5.a)
State the elements of a typical hydropower installation and discuss the criteria governing the selection of different types of turbines in these installations.

b) A 7.5 cm diameter jet strikes a flat plate with a velocity of 25 m/s.  The normal of the plate makes an angle of 450 with the axis of the jet.  Find the normal force on the plate when the plate is moving with a velocity of 15 km/s in the direction of jet and away from it.  Also find the efficiency of the jet when the plate is moving.
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6.a)
Explain with a neat diagram how the governing of Pelton wheel is done.

b) A Francis turbine runner having a diameter of 282 cm operates at 165 rpm under 54 m head and develops 26000 metric h.p. at an efficiency of 85%.  Find the above characteristics of the turbine when it is operated under 60 m head.

7.a)
What is meant by NPSH of a centrifugal pump?

b) What are constant efficiency curves of a centrifugal pump and how are they useful?

c) A centrifugal pump delivers 4000 litres per minute against a total head of 36 m and runs at 1440 rpm.  If the outer diameter of the impeller is 30 cm and width at periphery is 1.25 cm find the vane angle at exit?  Assume manometric efficiency is 80%.

8.
Write short notes on any two of the following:

a) Elements of stream gauging

b) Direct step method of computing GVF profiles

c) Draft tubes

d) Cavitation in hydraulic turbines.
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