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Fluid Mechanics and Hydraulic Machines  
 

Module I (   Lectures):  
Introduction : Scope of fluid mechanics and its development as a science  
Physical property of Fluid: Density, specific gravity, specific weight, specific volume, surface tension 
and capillarity, viscosity, compressibility and bulk modulus, Fluid classification.  
Fluid statics: Pressure, Pascal’s Law, Pressure variation for incompressible fluid, atmospheric 
pressure, absolute pressure, gauge pressure and vacuum pressure, manometer.  
Hydrostatic process on submerged surface, force on a horizontal submerged plane surface, force on a 
vertical submerged plane surface.  

Buoyancy and floatation, Archimedes’ principle, stability of immersed and floating bodies, 
determination of metacentric height.  
 

Module II (   Lectures):  
Fluid kinematics : Introduction, description of fluid flow, classification of fluid flow. Reynold’s 
number, Acceleration of fluid particles, flow rate and continuity equation, differential equation of 
continuity, Mathematical definitions of irrotational and rotational motion. Circulation, potential 
function and stream function. Flow net  
 

Fluid dynamics : Introduction, Euler’s equation along a streamline, energy equation, Bernoulli’s equation 
and its application to siphon, venturimeter, orificemeter, pitot tube.  

Flow in pipes and ducts: Loss due to friction, Minor energy losses in pipes Hydraulic Gradient Line (HGL), 
Total Energy Line (TEL), Power transmission in the fluid flow in pipes, fluid flow in pipes in series and 
parallel. Flow through nozzles.  
 

Module III (   Lectures): 
Hydraulic turbine: Classification, Impulse and Reaction turbine; Tangential, Radial and axial turbine.  
Impulse turbine, Pelton wheel, bucket dimensions, number of buckets in pelton wheel, efficiency and 
performance curves.  
Reaction Turbines: Francis turbine and Kaplan turbine, velocity triangle and efficiencies, performance 
curve. Function of draft tube and casing cavitation  
 

Module IV (    Lectures): 
Centrifugal Pump: constructional features, vane shape, velocity triangles, Efficiencies, Multi stage 
centrifugal pumps, Pump Characteristic, NPSH and Cavitation.  

Positive displacement pumps: Reciprocating Pump, Working principle, Discharge, work done and power 
requirement, Slip, Indicator diagram  

Text Books  
1. Fluid Mechanics and Hydraulic Machines, Modi & Seth  
2. Introduction to Fluid Mechanics and Fluid Machines by S.K. Som and G. Biswas, TMH  
3. Fluid Mechanics, A.K.Jain, Khanna Publishers  
 

Reference Books:  

1. Fluid Mechanics by A.K. Mohanty, PHI  
2. Introduction to Fluid Mechanics by Fox, McDonald, Willey Publications  
3. Fluid Mechanics by Kundu, Elsevier  
4. An Introduction to Fluid Dynamics by G.K.Batchelor, Cambridge University Press  
5. Engineering Fluid Mechanics by Garde et. al., Scitech  
6. First course in Fluid Mechanics by Narasimhan, University press  
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FLUID PROPERTIES 

 
 
 
 
 
 

  
 

 

 
Introduction : Scope of fluid mechanics and its development as a science  Physical property of Fluid: 

Density, specific gravity, specific weight, specific volume, surface tension and capillarity, viscosity, 

compressibility and bulk modulus, Fluid classification.   
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COMPRESSIBLE & INCOMPRESSIBLE FLUIDS: 
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SOME COMMON TERMINOLOGY: 
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VAPOUR & GAS: 
 

 

 
 
 
VISCOSITY: 
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FLUID CLASSIFICATION: 
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SIGNIFICANCE OF KINEMATIC VISCOSITY: 
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SURFACE TENSION: 
 

 
Surface Tension Effect on Solid Liquid Interface: 
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COMPRESSIBILITY & BULK MODULUS: 
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Compressibility for Gases:

 
 
 
VAPOUR PRESSURE: 
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End of This Chapter 
 

Previous Year BPUT Questions 

Fluid Properties (Introduction) 

Short questions: 

1. Which properties of a fluid are predominant in the following phenomena (a)Formation of droplet 

(b) settling of fine particle.                                                                                                               [BPUT-2003] 

2. If the kinematics viscosity of an oil (RD = 0.8) is 3x10-4m2/s, find its dynamics viscosity in poise.                                                                                                                                            

                                                                                                                                                                  [BPUT-2003] 

3. How can frictionless flow of real fluid exist but the flow of inviscid fluid does not exist in practice?                                                                                                                                      

                                                                                                                                                                  [BPUT-2004] 

4. What are the dimensions of surface tension and viscosity in MLT system?                   [BPUT-2004S]                                                                                                                                                  

5. On a plot a shear stress versus rate of shear strain, show a Newtonian fluid and a non-Newtonian 

fluid. Give one example for each of the above types of fluid.                                                 [BPUT-2005] 

6. Under what conditions can air be treated as incompressible fluid and water as compressible fluid?                                                                                                                                             

                                                                                                                                                                  [BPUT-2005] 

7. How can frictionless real fluids exist but inviscid fluids do not exist?                               [BPUT-2005] 

8. The mass density of a fluid is 980 kg/m3. Find the variation of specific weight of the fluid when 

taken from earth to moon where acceleration due to gravity is 1/6th of that on earth.  

                                                                                                                                                 [BPUT-2006-4th sem.] 

9. If the equation of a velocity distribution over a plate is given by V = 2y – y2, in which V is the 

velocity in m/sec at a distance y, measured in ‘m’ above the plate. Determine the shear stress at 

the point y = 15 cm.                                                                                                           [BPUT-2006-4th sem.]                                                                                              

10. Define Mach number. Mention its importance with respect to fluid compressibility.  

                                                                                                                                                 [BPUT-2006-4th sem.]                                                          

11. Ten litres of a liquid (Sp.gr. = 1.3) is mixed with eight litres of another liquid(Sp.gr. = 0.8). If the 

bulk of the liquid shrinks by 1 %, on mixing, calculate the weight of the mixture and specific 

gravity of the mixture.                                                                                                     [BPUT-2006-3rd sem.] 

12. What should be the minimum diameter of a glass tube to be selected to measure the water level if 

it is desired that the capillary correction be limited to 0.2 mm? Take surface tension of water as 

0.073N/m.                                                                                                                           [BPUT-2006-3rd sem.] 
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13. Give the mathematical definition of fluid.                                                                                 [BPUT-2006S] 

14. Convert 1 kg/m-sec of dynamic viscosity to poise.                                                                [BPUT-2006S] 

15. Which properties of a fluid play predominant role in the following phenomenon. 

a. Force of water on the side of a storage tank. 

b. Formation of droplet. 

c. Settling of fine particles in a fluid medium. 

d. Capillary depression.                                                                                                                [BPUT-2006S] 

16. With the help of a neat sketch, discuss Newton’s law of viscosity.                    [BPUT-2007-3rd sem.] 

17. If the specific gravity of a liquid is 0.79, determine its mass density and specific weight. 

                                                                                                                                                                  [BPUT-2008] 

18. When the pressure of a fluid increased from 3.5 MPa to 6.5 MPa and the corresponding decreased 

in volume is found to be 0.08 %. Determine Bulk modulus of elasticity of the fluid.     [BPUT-2008] 

19. Draw the stress-velocity gradient diagram of following fluid in one diagram. 

(a) Ideal fluid 

(b) Newtonian fluid 

(c) Non-Newtonian fluid 

(d) Plastic fluid                                                                                                                   [BPUT-2009-4th sem.] 

20. Define Bulk Modulus and relate it to the term Compressibility.                         [BPUT-2009-4th sem.] 

21. Define and explain Newton’s law of viscosity.                                                         [BPUT-2009-3rd  sem.] 

22. What do you mean by ‘ Temperature lapse rate’? write the expression for it. 

                                                                                                                                                [BPUT-2009-3rd  sem.] 

23. How viscosity varies with respect to temperature for gas and liquids?            [BPUT-2010-4th sem] 

24. Determine the Bulk modulus of elasticity of a liquid, if the pressure of the liquid is increased from 

70 N/m2 to 130 N/m2. The volume of the liquid increases by 0.15 %. 

                                                                                                                                                 [BPUT-2010-4th sem.] 

25. Draw the stress-velocity gradient diagram of ideal fluid, Newtonian fluid, Non-Newtonian fluid 

and plastic fluid in one diagram.                                                                          [BPUT-2011-3rd sem.-old] 

26. Define Mach number. Define its importance with respect to fluid compressibility. 

                                                                                                                                        [BPUT-2011-3rd sem.-old] 

27. Differentiate between Newtonian and non-Newtonian fluid.                   [BPUT-2011-3rd sem.-New] 

28. A plate of 0.0254 mm distant from a fixed plate moves 61 cm/sec and requires a force of 0.2 

kgf/m2 to maintain this speed. Determine the dynamic viscosity of the fluid between the plates.                                                                                                             

[BPUT-2011-3rd sem.-New] 

29. Discuss Newton’s law of viscosity with the help of a sketch.                               [BPUT-2011-3rd sem.] 

30. A soap bubble is formed when inside pressure is 5.2 N/mm2 more than the atmospheric pressure. 

If the surface tension is 0.0126 N/mm, find the diameter of the bubble formed. 

                                                                                                                                                 [BPUT-2012-3rd sem.] 

31. Define bulk modulus and compressibility of a hydraulic fluid.                           [BPUT-2012-3rd sem.] 

32. Define kinematic viscosity and explain the significance of the same. 

                                                                                                                                 [BPUT-2013-4th sem. Special] 

33. Define density, weight density, specific volume and specific gravity of fluid. 

                                                                                                                                                 [BPUT-2014-3rd sem.] 

34. Explain the terms Dynamic viscosity and kinematic viscosity. Give their dimensions and 

significance.                                                                                                           [BPUT-2014-3rd sem.(Back)] 

35. Define Newtonian and non-Newtonian fluid and show the characteristics. 

                                                                                                                                   [BPUT-2014-3rd sem.(Back)] 
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36. Calculate the specific weight density and specific gravity of two liters of liquid which weighs 15N.                                                                                                                           

                                                                                                                                   [BPUT-2014-3rd sem.(Back)] 

Long questions: 

1. A body weighing 10.00 N slides down at a uniform speed of 1 m/s along a lubricated inclined 

plane making 30o angle with the horizontal. The viscosity of lubricant is 0.1 kg/m-s and contact 

area of the body is 0.25 m2. Determine the lubricant thickness assuming linear velocity 

distribution.                                                                                                                         [BPUT-2003-1st sem.] 

2. A uniform film of oil 0.13 mm thickness separates two discs each of 200 mm diameter mounted 

coaxially. Neglecting the edge effects, calculate the torque necessary to rotate one disc relative to 

the other at a speed of 44 rad/sec. given that viscosity of oil is 0.14 poise.  [BPUT-2004-2nd  sem.] 

3. of 45o with the horizontal. The gap of 2 mm between the disc and the inclined surface is filled with 

oil of dynamic viscosity 1.0 N-sec/m2. What force will be required to pull the disc up the inclined 

surface at a velocity of 0.50 m/s.                                                                               [BPUT-2004-july-supl.]                                                                                                                    

4. A block of base area 20 cm2, weight 100 N slides down a 20o inclined plane over an oil film of 1 

mm thickness, μ = 500 poise. Estimate the steady state velocity of the block, assuming linear 

velocity profile in the oil film of Newtonian characteristic. [5]                                            [BPUT-2005]                                                                                                                      

5. Determine the minimum size of the glass tubing that can be used to measure water level, if the 

capillary rise in the tube is not to exceed 0.25 cm. Take surface tension of the water in contact 

with air as 0.075 N/m.                                                                                                     [BPUT-2006-4th sem.]                                                                                                                                                                                                               

6. In a 5 cm long Journal bearing, the clearance between the shaft and bearing at concentric 

condition is 0.1 mm. The shaft is 2 cm in diameter and rotates at 3000 rpm. The dynamic viscosity 

of the lubricant used is 0.01 Ns/m2 and the velocity variation in the lubricant is linear. Considering 

the lubricant to be Newtonian, calculate the frictional torque the bearing has to overcome and the 

corresponding power loss.                                                                                                             [BPUT-2006S] 

7. Two horizontal plates are placed 12.5 mm apart, the space between them being filled with oil 

having viscosity 14 poise. Calculate the shear stress in the oil if the upper plate moved with a 

velocity 2.5 m/sec.                                                                                                            [BPUT-2007-3rd sem.] 

8. A square plate of size 1m x 1m and weighing 350 N slide down an inclined plane with a uniform 

velocity of 1.5 m/s. The inclined plane is laid on a slope of 5 vertical to 12 horizontal and has an oil 

film of 1mm thickness. Calculate the dynamic viscosity of oil.                           [BPUT-2009-3rd sem.] 

9. (a) State Newton’s law of viscosity.                                                                                                                    [2] 

(b) The space between two square flat parallel plates is filled with oil. Each side of the plate is 60 

cm. The thickness of the oil film is 12.5 mm. The upper plate, which moves at 2.5 m/sec requires a 

force of 98.1 N to maintain the speed. Determine:                                                 [BPUT-2010-4th  sem.]                                     

(i) The dynamic viscosity of the oil in poise, and 

(ii) The kinematic viscosity of oil in stokes if specific gravity of oil is 0.95.                                      [6+2]                                                                                                           

10.  (a) What do you mean by surface tension? Calculate surface tension for:                            

(i)  A liquid drop let 

(ii) A hollow bubble. 

(b) Explain capillarity and describe capillarity rise and fall. [5+5]             [BPUT-2011-3rd sem.-old]                                                                                                           

11.  (a) Classify the fluids on the basis of viscosity.[4] 

(b) A cylinder of 150 mm radius rotates concentrically inside a fixed cylinder of 155 mm radius. 

Both cinders are 300 mm long. Determine the viscosity of the liquid which fills the space between 

the cylinders if a torque 0.98 N-m is required to maintain an angular velocity of 60 rpm. [6]                                                                                                           
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                                                                                                                                                 [BPUT-2012-3rd sem.] 

12.  (a) A plate of area 0.2 m2 and 4 mm thickness is lifted through the mid way between two large 

plates spaced 2.4 cm apart  at a uniform speed of 12 cm/sec. The gap is filled with oil of viscosity 

1.8 Ns/m2. The density of oil is 960 kg/m3. The plate weighs 30 N. Determine the lifting force 

required.[5] 

(b) If the capillary rise in a glass tube immersed in water is not to exceed 2.3mm, determine inner 

diameter of the tube. For water σ = 0.0712 N/m.[5]                              [BPUT-2013-4th sem. Special] 

13. Distinguish between the following:                                                   

(a) Specific gravity and specific weight.[2.5]                                            [BPUT-2013-4th sem. Special] 

14. (a) Compare between compressible fluid and incompressible fluid.[2] 

(b) When the pressure of a liquid increased from 2 MPa and the corresponding decrease in 

volume is found to be 0.1 %. Determine bulk modulus of elasticity of fluid.[2] 

(c) A multi tube manometer is used to determine the pressure difference between points A and B 

as shown in figure. For the given values of heights determine the pressure difference between 

points A and B. Specific gravity of benzene and kerosene are 0.88 and 0.82 respectively. Density of 

air is 1.2 kg/m3.[6]                                                                                                            [BPUT-2014-3rd sem.] 

 

 

                                    

End of the Question Set 
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FLUID STATICS 
 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

Fluid statics: Pressure, Pascal’s Law, Pressure variation for incompressible fluid, atmospheric 

pressure, absolute pressure, gauge pressure and vacuum pressure, manometer. 
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INTRODUCTION: 
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PASCAL’S LAW: 
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PRESSURE VARIATION IN A STATIC FLUID: 
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Pressure Variation in Fluid with Constant Density: 
 

 
 

Pressure Variation in Fluid with Varying Density: 
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MANOMETERS: 
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Micro- Manometers: 
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End of This Chapter 
 
 

Fluid Statics (Pressure) 

  

Short questions: 

37. What is a Piezometer tube? What is its use and limitations?                                                [BUPT-2003] 

38. Find the height of oil column (RD = 0.85) equivalent to 42.5 m of water.                         [BPUT-2003]                                                                                                                                                       

39. Give three ways to increase the sensitivity of an U-tube manometer.                                [BPUT-2004] 

40. Find the manometer reading ‘x’ in the following fig.                                                                [BPUT-2004] 

  

                                        Water     1m Oil of RD= 0.94 

 x 

 

                                                                                                                       

41. The local atmospheric pressure is 101.2 kPa. The absolute pressure at a point is 0.42 bar. Is the 

pressure at the point is gauge pressure or vacuum pressure? Find its magnitude. 

                                                                                                                                                                [BPUT-2004S] 

42. Air is pumped into the tank shown below till the pressure gauge reads 65kPa. Compute the 

Manometric difference ‘y’ ?                                                                                                            [BPUT-2004S] 

 

 

 Air                      Pressure Gauge 

  Oil (RD = 0.8) 

                                   2.5m y 

          Mercury 
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43. Give two ways by which the sensitivity of a U-tube manometer can be increased. Illustrate by 

sketch.                                                                                                                                                     [BPUT-2005]                                                                                                                          

44. Distinguish between intensity of pressure and pressure head.                          [BPUT-2006-4th sem.]                                 

45. If a mercury barometer reads 700 mm and a Bourdon gauge at a point in a flow system reads 500 

kN/m2.What is the absolute pressure at the point ?                                               [BPUT-2006-3rd sem.] 

46. Give three ways to increase the sensitivity of a manometer.                               [BPUT-2006-3rd sem.] 

47. Discuss about atmospheric pressure, absolute pressure, gauge pressure and vacuum pressure 

with the help of a sketch.                                                                                                [BPUT-2007-3rd sem.]                                                                        

48. The pressure at a particular location of a centrifugal pump measured by a Bourdon tube pressure 

gauge is found to be 2.3 kgf/cm2. Determine the equivalent water head at this location.                                                                                                                                      

[BPUT-2008] 

49. Mention three possible ways to increase the sensitivity of manometer.                           [BPUT-2008] 

50. Define Pascal’s law.                                                                                                           [BPUT-2010-4th sem.] 

51. Mention three possible ways to increase the sensitivity of manometer. 

                                                                                                                                        [BPUT-2011-3rd sem.-old] 

52. If a bourdon tube pressure gauge reads pressure in a flow system 500 kPa, determine the 

equivalent pressure head at this location.                                                                 [BPUT-2011-3rd sem.] 

53. List some important properties of a manometric fluid.                                        [BPUT-2011-3rd sem.] 

54. If the difference between two column of a U tube mercury manometer connected to a pipe 

carrying water is 23 cm, determine the equivalent water head.                        [BPUT-2011-3rd sem.] 

55. The pressure intensity at a point in a fluid is 3.924 N/cm2. Find the corresponding head of fluid 

when the fluid is (i) Water (ii) Oil of specific gravity 0.9                       [BPUT-2013-4th sem. Special] 

56. What is hydrostatic law? Explain through diagram.                                               [BPUT-2014-3rd sem.] 
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Long questions: 

15. The density of a fluid mixture in a chemical reactor varies with vertical distance z (in m) above the 

bottom of the reactor according to the relation: 

                        −𝜌 = 10.1 [1 − 
𝑧

500
 +  (

𝑧

1000
)
2
]  in kg/m3.  

Assuming the mixture to be stationary, determine the pressure difference between the bottom 

and top of a 60 m tall rector.                                                                                           [BPUT-2003-1st sem.]                   

16. A vertical U-tube manometer is made up of a 5 mm ID glass tubing. Its left limb is enlarged to 20 

mm ID and contains oil of RD 0.8. The oil free surface is in the enlarged vessel and the mercury oil 

interface is in the left limb. On application of an unknown pressure, the surface of oil is found to 

depress by 5 mm corresponding to both end open condition. Estimate the absolute value of the 

applied pressure. Given Patm = 1 bar and density of mercury = 13600 kg/m3.                                                                                                                                         

[BPUT-2005] 

 

 

 Mercury 

                        20 mm ID 

 5 mm ID 

       Oil 

 

 

    

                                                                                                                                                               

17.  An inclined tube manometer consists of an inclined gas tube connected to a metal cylinder. Find 

an expression for the pressure P in cm of water. Determine the value of density so that the error 

due to disintegrating the change in level in the cylinder will not exceed 0.1 % when θ = 30o.                                                                                                            

                                                                                                                                                 [BPUT-2006-4th sem.]   

                                                                                                                       

18.  (a)Calculate the pressure due to a column of 0.2 m of: 

(i) Water 

(ii) Gasoline of specific gravity 0.75 

(iii) Mercury of specific gravity 13.6. 

Assume mass density of water = 1000 kg/m3.(In SI Unit)                                    [BPUT-2009-4th sem.]                                                                                                                                      

19. Differentiate between U-tube differential manometer and inverted U-tube differential manometer. 

Where are they used? [5]                                                                                                [BPUT-2009-3rd sem.] 

20.  (a) What is the use of manometers?                                                                                            [2+4+4] 

(b) Describe Bourdon tube pressure gauge.  

(c) The pressure between two points A and B in a pipe conveying oil of specific gravity 0.8 is 

measured by an inverted U-tube. The column connected to point B stands 1.6 m higher than that 

at point A. A commercial pressure gauge attached directly to the pipe at A reads 1.125 kg(f)/cm2. 

Determine its reading when attached directly to the pipe at B.                                                                     

                                                                                                                                        [BPUT-2011-3rd sem.-old]                                                                                                                             

21.  Write short notes on Pascal’s law. [5]                                                               [BPUT-2011-3rd sem.-old] 

22. (a) State and explain Pascal’s law with an appropriate mathematical proof.                       [5+5] 
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(b) Through a very narrow gap of height h, a thin plate of viscosity μ1 , and on other side oil of 

viscosity μ2. Calculate the position of the plate so that the shear force on the two sides of the plate 

is equal and pull required to drag the plate is minimum.                          [BPUT-2011-3rd sem.-New]                                                                                                                                                                                                                                  

                                    

End of the Question Set 
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INTRODUCTION: 
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FORCE ON AN ARBITRARILY SHAPED PLATE IMMERSED IN A LIQUID: 
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CENTRE OF PRESSURE FOR AN IMMERESD INCLINED PLANE: 
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Centre of Pressure for Immersed Vertical Planes: 
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Hydrostatic Forces on Immersed Surfaces 

Short questions: 

 

01. What is meant by hydrostatic pressure distribution? Give one example where the pressure 

distribution is non-hydrostatic.                                                                                                      [BPUT-2004] 

02. A 2m x 2m and 1m high steel tank is filled with a liquid of specific gravity 1.26. What is the 

hydrostatic force on one of the side walls of the tank?                                                         [BPUT-2004S] 

03. Compute the weight of water in the container and the total force on the bottom of the tank. Is 

there a difference between these two values? If so, explain.                                                 [BPUT-2005] 

 

                                   20 cm Vertical tube 2 cm Φ 

 

 

 10 cm 

 

 20 cm Φ 

  

                          

04. Determine the total pressure and position of centre of pressure, on an isosceles triangular plate of 

base 4m and altitude 4m, when it is immersed vertically in oil (RD = 0.9). The base of plate 

coincides with free oil surface.                                                                                      [BPUT-2006-3rd sem.] 

05. Find the water forces on the gate AB which is 5m wide.                                                      [BPUT-2006S]                                       

 

 3m 

                                                                                                                         A 

                                                                                                                         B     4m 

 

06. What is meant by  ‘hydrostatic’ pressure distribution? Give one example where the pressure 

distribution is non-hydrostatic.                                                                                                    [BPUT-2006S] 

07. What do you mean by total hydrostatic pressure and centre of pressure? Give example of three 

hydraulic structures whose design based on the magnitude of this force and its location.                                                                                                                                       

                                                                                                                                                                  [BPUT-2008] 

08. Differentiate between centre of pressure and centre of buoyancy.                   [BPUT-2009-4th sem.] 

09. What do you mean by  ‘Total pressure’ and ‘Centre of pressure’?                    [BPUT-2009-3rd  sem.] 

10. What is the difference between centre of pressure and centre of buoyancy? 

                                                                                                                                        [BPUT-2011-3rd sem.-old] 

11. Explain Archimedes’s principle.                                                                           [BPUT-2011-3rd sem.-old] 

12. State and explain Archimedes principle with the help of a sketch. 

                                                                                                                                 [BPUT-2013-4th sem. Special] 

13. What do you understand by ‘Total Pressure’ and ‘Centre of Pressure’?          [BPUT-2014-3rd sem.] 
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Long questions: 

 

01. Find the weight of the cylinder (diameter-2m) per meter length if it supports water.                                                                                               

                                                                                                                                               [BPUT-2004-2nd  sem.]

  

 

 A  

   D        A                    Oil 

 E D      B  B          

                                                                                  

                         C                  Water 

  

 

02. A hollow circular plate of 2 m external and 1 m internal diameter is immersed vertically in water 

such that the centre of the plate is 4 m deep from the water surface. Find the total pressure on one 

face of the plate and the depth of centre of pressure. Take specific weight of water as 10 kN/m3. 

[5]                                                                                                                                                            [BPUT-2005] 

03. A vertical U-tube manometer is made up of a 5 mm ID glass tubing. Its left limb is enlarged to 20 

mm ID and contains oil of RD 0.8. The oil free surface is in the enlarged vessel and the mercury oil 

interface is in the left limb. On application of an unknown pressure, the surface of oil is found to 

depress by 5 mm corresponding to both end open condition. Estimate the absolute value of the 

applied pressure. Given Patm = 1 bar and density of mercury = 13600 kg/m3.                 [BPUT-2005] 

04. An open cubical tank with each side 2 m contains oil of specific weight 8 kN/m2 upto a depth of 2 

m. Find the force acting on side of the tank when it is being moved with the acceleration of (g/2) 

m/s2 in vertically upward and downward directions. What would be the pressure at the bottom of 

the tank when the acceleration rate is 1.5g m/s2 vertically downwards?       [BPUT-2006-4th sem.]      

                                                                                                                       

05. A rectangular tank 10m x 5m and 3 m deep is divided by a partition wall parallel to the shorter 

wall of the tank. One of the compartments contain water to a depth of 3m and the other contain oil 

(RD = 0.75) to a depth of 2m. Find the resultant force on the partition wall. 

                                                                                                                                          [5][BPUT-2006S] 

06.   The plane rectangular gate can pivot about the support at B. For the condition given, is stable or 

unstable? Neglect the weight of the gate.                                                                   [BPUT-2006-3rd sem.] 

 

 

 8m      water 3.5 m B 

                                                                                   A               45o  

 

07. An isosceles triangular plate of base 1.5 m and height 2m lies immersed in oil of sp. gravity 0.9 

with the apex downwards. The base of the triangle is 1m below free surface and parallel to it. 

Calculate the total pressure force on the plate and depth of centre of pressure. 
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                                                                                                                                                 [BPUT-2007-3rd sem.] 

 

08. An isosceles triangular plate of base 3 m and altitude 6 m is immersed in water with its altitude 

lying parallel to free surface at a depth of 9m and its plane perpendicular to free surface. 

Determine: 

(i) Total pressure on the plate. 

(ii) Position of centre of pressure.                                                                        [BPUT-2009-4th sem.] 

09. Find an expression for the force exerted and centre of pressure for a completely submerged 

inclined plane surface.[5]                                                                                               [BPUT-2009-3rd sem.]                                                                                                                                                                                                                                                                  

10. (a) Define centre of pressure.                                                                                                                   [2] 

(b) Derive expressions for total pressure and centre of pressure for vertical plane surface 

submerged in liquid.   [8]                                                                                               [BPUT-2010-4th  sem.] 

11. The vertical side of a reservoir has a rectangular opening of 2.75 m long and 1.2 m high. It is 

closed by a plate using 4 bolts placed at the corners of the opening. What would be the tension in 

the bolts if water stands to a height of 1.8 m above the top edge of the opening which is 

horizontal?[5]                                                                                                          [BPUT-2011-3rd sem.-New]                                                                                                  

12. (a) Derive an expression for total pressure and centre of pressure point on an inclined submerged 

surface.[6] 

(b) A rectangular surface 3m (wide) x 6m (height) lies in a vertical plane. Determine forces and 

centre of pressure on the plate when its upper edge is 10 m below the water surface.[4] 

                                                                                                                                                 [BPUT-2012-3rd sem.] 

13. Derive an expression for the force on a thin plate of a given arbitrary shape immersed in a liquid 

at an angle 𝜃  to the free surface. [5]                                                           [BPUT-2013-4th sem. Special]                                                                                                                      

14. Distinguish between the following:                                                              [BPUT-2013-4th sem. Special] 

“Centre of buoyancy and centre of pressure.”[2.5] 

 

                                    

End of Question  
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Buoyancy and floatation, Archimedes’ principle, stability of immersed and floating bodies, determination 

of metacentric height. 

ARCHIMEDES PRINCIPLE: 
 

 
 
BUOYANCY FORCE:  
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CONDITIONS FOR THE STABILITY OF FLOATING BODIES: 
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METACENTRIC HEIGHT:  
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Buoyancy & Floatation 

  

Short questions: 

01. Find the specific gravity of wood if a piece of wood having weight of 50N floats in oil (RD = 0.9) 

with 60 % of its volume submerged.                                                                                             [BPUT-2003] 

02. A cylindrical body of cross-sectional area A, height H and density ρ is immersed to a depth of  ‘h’ in 

a liquid of density ρf and tied to the bottom by a string. Find the tension in the string. Given that ρs 

=(1/2) ρf and ‘h = 0.6 H’.                                                                                                                   [BPUT-2003] 

 A 

                                            H 

   

 h String 

 

 

03. What is the condition for stable equilibrium of a submerged body? Illustrate with a sketch.                                                                                                                              

                                                                                                                                                                  [BPUT-2004] 

04. A slab of wood 2m x 2m and 1m high has a Sp.gr. of 0.5, If floats in water with a load of 12 kN on it. 

Determine the depth of immersion.                                                                                            [BPUT-2004S] 

05. Discuss meta-centre and meta-centric height of a floating body. State the position of meta-centre, 

centre of gravity and centre of buoyancy for different type of equilibrium.                                                                                                                 

                                                                                                                                                 [BPUT-2007-3rd sem.]                          

06. What are the conditions of equilibrium of a floating body and a submerged body? 

                                                                                                                                                [BPUT-2009-3rd  sem.] 

07. Define the terms buoyancy and centre of buoyancy.                                              [BPUT-2010-4th sem.] 

08. What is the difference between centre of pressure and centre of buoyancy? 

                                                                                                                                        [BPUT-2011-3rd sem.-old] 

09. What is meta-centric height of a body? Why is it a important consideration for a body? 

                                                                                                                                      [BPUT-2011-3rd sem.-New] 

10. Ice has a density of 910 kg/m3. Imagine you have a cube of ice,  10 cm on a side. 

i. What is cube’s  weight? 

ii. What volume of liquid water must be displaced in order to support a floating body. 

                                                                                                                                  [BPUT-2012-3rd sem.] 

11. Define the term ‘Buoyancy and ‘Centre of Buoyancy’.                                           [BPUT-2014-3rd sem.] 
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Long questions: 

01. A cone of specific gravity 0.6 having base diameter of 80 cm floats in water with its axis vertical 

and apex downwards. When should be the maximum height of the cone to ensure stable 

equilibrium?                                                                                                                        [BPUT-2003-1st sem.] 

02. State and illustrate with a sketch, the condition for stable equilibrium of a floating body.[5]                                                                                                       

                                                                                                                                                 [BPUT-2003-1st sem.] 

03. Show that for a plane submerged surface the centre of pressure lies below the centroid of the 

plane surface.[5]                                                                                                                [BPUT-2003-1st sem.] 

04. A uniform wooden cylinder has a specific gravity of 0.6. Find the ratio of  diameter to length of the 

cylinder so that it will just float upright in the state of neutral equilibrium in water.                                                                            

                                                                                                                                               [BPUT-2004-2nd  sem.] 

05. A wooden cone of specific gravity 0.6 having a base diameter of 80 cm floats in water with its axis 

vertical and apex downwards. What should be the maximum height of the cone to ensure stable 

equilibrium?                                                                                                                     [BPUT-2004-july-supl.] 

06. A right angled triangular plate with base B and height H is immersed vertically in a liquid (RD = 

0.82) with base coinciding with the liquid surface. Show that the centre of pressure is located H/2 

below the liquid surface and B/4 from the vertical side. 

                                                                                                                                             [BPUT-2004-july-supl.] 

07. How is meta-centric height is measured experimentally?[5]                          [BPUT-2004-july-supl.] 

08. A buoy carrying a beacon has a cylindrical upper portion of 2.5 m diameter and 1.4 m depth. The 

curved lower portion has an external volume of 0.5 m3. The centre of buoyancy is 1.5 m below the 

top of the cylinder and the centre of gravity of the buoy and the beacon is 1.2 m below the cylinder 

top. The total weight is 2.7 tonnes. Taking the specific gravity of the sea water as 1.02, calculate 

the meta-centric height. Mention whether the floating body is in stable equilibrium or not.                                                                                                      

                                                                                                                                                                  [BPUT-2005]                                                                                                                                                                                             
09. Show that a cylindrical buoy 2 m diameter and 3.5 m height is weighing 1200 kg/m3. Find the 

tension necessary in a vertical chain attached to the centre of the base of the buoy that will just 

keep the cylinder vertical.                                                                                               [BPUT-2006-4th sem.]  

10. Find the minimum apex angle of solid core of specific gravity 0.8, so that it can float in stable 

equilibrium in fresh water with its axis vertical and vertex downward.  

                                                                                                                                                                [BPUT-2006S] 

11.  A hollow wooden cylinder of specific gravity 0.6, has an outer diameter of 600 mm and an inner 

diameter of 300 mm. It is required to float in oil of RD = 0.9. Calculate: 

(i) The maximum length of the cylinder so that it shall be stable when floating with its axis 

vertical. 

(ii) The depth of submergence.                                                                             [BPUT-2006-3rd sem.] 

12. (a) Explain with neat sketch the Meta centre and Meta centric height. 

(b) A rectangular pontoon 10 m long, 7 m broad and 2.5 m deep weigh 686.7 kN.  It carries on its 

upper deck an empty boiler of 5 m diameter weighing 588.6 kN. The centre of gravity of the boiler 

and the pontoon are at their respective centre along a vertical line. Find the meta centric height. 

Assume specific weight of sea water is 10.104 kN/m3. 

                                                                                                                                                 [BPUT-2008-3rd sem.]   

13. A wooden block of size 1m x 0.5m x 0.4m is floating in water with 0.4m side perpendicular to free 

surface. The specific gravity of wood is 0.75. Determine its meta-centric height.                                              

                                                                                                                                                 [BPUT-2009-4th sem.]                                
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14. A solid cylinder of diameter 5.0 has a height of 5.0m. Find the meta-centric height of the cylinder if 

the specific gravity of the material of cylinder is 0.7 and it is floating in water with the axis 

vertical. State whether the equilibrium is stable or unstable.                               [5] 

                                                                                                                                                 [BPUT-2009-3rd sem.] 

15. A rectangular pontoon 10 m long, 7 m board and 2.5 m deep weighs 686.7 kN. It carries an empty 

boiler of 5m diameter weighing 588.6 kN on its upper deck. The center of gravity of the boiler and 

the pontoon are their respective centers along a vertical line. Find the meta-centric height. Sp. 

weight of sea water is 10.104 kN/m2.                                                                 [BPUT-2011-3rd sem.-old]                                                                                                                             

16. A wooden cylinder of diameter d and length 2d floats in water with axis vertical. Is the 

equilibrium stable? Locate the meta-centre with reference to water. Specific gravity of wood is 0.6.   

[5]                                                                                                                                [BPUT-2011-3rd sem.-New] 

                                    

End of Question 
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INTRODUCTION: 
 

 
 

LAGRANGIAN AND EULARIAN APPROACH: 
 

 
 

BASIC LAWS USED IN THE ANALYSIS OF FLUID FLOW: 
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TYPES OF FLUID FLOW: 
 

(a) Flow of Ideal/Inviscid and Real Fluids 
 

 

 
 

(b) Steady and Unsteady Flow 
 

 
 

(c) Compressible and Incompressible Flow 
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(d) Laminar and Turbulent Flow 
 

 

 
 
(e) Uniform Flow, Reversible Flow and Three Dimensional Flow 
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VELOCITY AND ACCELARATION COMPONENTS: 
 

 

 
 

CONTINUITY EQUATION FOR FLOW- Cartesian Coordinate System: 
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STREAMLINES, STREAMTUBE, PATHLINES, STREAKLINES & TIMELINES: 
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CONCEPT OF STREAMLINES: 
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STREAM FUNCTION: 
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POTENTIAL FUNCTION: 
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FLOW NET:  
 

 

 
 

 

  
 

End of This Chapter 
 
 

Fluid Flow Kinematics 

 (Prepared By:   Manoj Kumar Pradhan)    

Short questions: 

1. What inferences can be drawn about the flow, from the following equations? 

∇.V⃗⃗  = 0,  ∇x�⃗� = 0                                                                                                                                  [BPUT-2003] 

2. Write the general equation of continuity for a 3-D steady flow of a compressible fluid.                                                                                                                                 

                                                                                                                                                                  [BPUT-2003] 

3. What is meant by one-dimensional and two-dimensional flow? Give one example for each.                                                                                                                               

                                                                                                                                                                  [BPUT-2004] 

4. In a straight uniform pipe, the discharge is reduced from 0.1 m3/s to zero in 10 seconds. If the 

cross-sectional area of the pipe is 200 cm2, state the nature and magnitude of acceleration.                                                                                                                            

[BPUT-2004S] 

5. What does the following equations represents? 

(a) ∇ ̅ x V̅ = 0   

(b) ∇ ̅ . V̅ = 0   

Where V̅ is velocity vector.                                                                                                        [BPUT-2005] 
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6. Check whether the two dimensional flow field given by  e = 2x3y i + (x4/2) j is rotational.                                                                                                       

                                                                                                                                                 [BPUT-2006-4th sem.]                                                                                                                 

7. The velocity components of  incompressible fluid flow are given by: 

u = x2y, v = 2yz – xy2, w = x2 – z2. Whether these velocity components represent a possible case of 

fluid flow?                                                                                                                            [BPUT-2006-3rd sem.] 

8. In a three dimensional incompressible fluid flow, the flow field is given by the expression. V = 

(x2+y2.z3)i – (xy + yz + zx)j + (w)k. Find the w component of velocity so that the case is possible for 

a steady incompressible fluid flow.  

                                                                                                                                                 [BPUT-2007-3rd sem.]           

9. For a steady incompressible flow, the velocity component are given by u = xy, v = x – y, show if the 

flow is possible and find relevant stream function.                                                                  [BPUT-2008] 

10. Does a velocity field given by U = 5x3i – 15 x2y j + t k represent a possible fluid motion of an 

incompressible fluid.                                                                                                        [BPUT-2009-4th sem.] 

11. With the help of neat sketch, represent one dimensional, two dimensional and three dimensional 

flows.                                                                                                                                     [BPUT-2009-4th sem.] 

12. Differentiate between stream function and velocity potential function.  

                                                                                                                                               [BPUT-2009-3rd  sem.] 

13. Does a velocity field given by U = 5x3i – 15 x2y j + t k, represent a possible fluid motion of an 

incompressible fluid.                                                                                                [BPUT-2011-3rd sem.-old] 

14. Distinguish between stream line and streak line.                                         [BPUT-2011-3rd sem.-New] 

15. What is a flow net and what is its significance?                                            [BPUT-2011-3rd sem.-New] 

16. Write the expression for equation of continuity in differential form. 

                                                                                                                                      [BPUT-2011-3rd sem.-New] 

17. Differentiate between laminar and turbulent flow.                                                [BPUT-2012-3rd sem.] 

18. What is flow net?                                                                                                               [BPUT-2012-3rd sem.] 

19. What is a flow net and what is its significance?                                       [BPUT-2013-4th sem. Special] 

20. Write the continuity equation for a compressible fluid in differential form. 

                                                                                                                                 [BPUT-2013-4th sem. Special] 

21. Distinguish between steady flow and un-steady flow.                                          [BPUT-2014-3rd sem.] 

22. Distinguish between convective acceleration and local acceleration.              [BPUT-2014-3rd sem.] 

23. Explain velocity potential functions and stream functions along with properties.  

                                                                                                                                                 [BPUT-2014-3rd sem.] 

24. Differentiate between forced vertex and free vertex flow and differentiate between rotational flow 

and Irrotational flow. Give one example of each.  

                                                                                                                                   [BPUT-2014-3rd sem.(Back)] 

25. Differentiate between stream function and velocity potential function and also differentiate 

between streamline and streakline.                                                              [BPUT-2014-3rd sem.(Back)] 

 

Long questions: 

1. If V = (16y -8x)i + (8y -7x)j , is the flow field for two dimensional flow, confirm that the velocity 

components satisfy continuity equation. Then find the convective acceleration at (3,4). Is the flow 

rotational or irrotational?                                                                                               [BPUT-2003-1st sem.] 

2. Show  that velocity potential function exists for an irrotational flow.                                         [3] 

                                                                                                                                  [BPUT-2003-1st sem.] 
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3. A flow is represented by stream function ‘–ln(x2 + y2)’. Determine the velocity components and 

mention whether the flow is rotational or irrotational. 

                                                                                                                                               [BPUT-2004-2nd  sem.] 

4. Answer any two of the following:                                                                                                       [5+5] 

(a) What is energy correction factor? Derive an expression for it. 

(b) What is meant by local acceleration and convective acceleration? Give an example of a flow 

situation where both of them are present. 

(c) show that the streamlines and equipotential lines are orthogonal to each other.                                      

                                                                                                                                               [BPUT-2004-2nd  sem.] 

5. Given the velocity potential function: 

Φ = 2(x2 – y2), deduce the stream function and sketch the flow pattern. What are the equations of 

the stream line and equipotential line that passes through the point (1,3).                                                                                                         

                                                                                                                                             [BPUT-2004-july-supl.]  

6. (a) What is a flow net? What are its uses and limitations?                                [BPUT-2004-july-supl.] 

(c) What is meant by irrotational flow? Give two examples of irrotational flow. Derive the 

condition for a two dimensional incompressible flow to be irrotational. 

7. In a two dimensional incompressible fluid motion the velocity components in x and y directions 

are:                                                                                                                                                [5] 

u = 2xy and v = a2 + x2 – y2. 

(i) Do these velocity components satisfy the law of conservation of mass? 

(ii) Do these velocity components represents irrotational motion?                           [BPUT-2005] 

8. The velocity components in a two dimensional incompressible flow field are expressed as                                                                                                                           

                  u = 
𝑦3

3
+  2𝑥 − 𝑥2𝑦,       v = 𝑥𝑦2 − 2𝑦 −

𝑥3

3
                                                                  [3+3+4] 

(a) Determine the velocity and acceleration at point P (x =1m, y = 3m). 

(b) Is the flow physically possible? If so obtain an expression for the stream function. 

(c) Is the flow irrotational? If so determine the corresponding velocity potential.  

                                                                                                                                         [BPUT-2006-4th sem.]                                                                   

9. An    idealized flow is given by  

V = 2x3 i – 3x2y j. 

Is the flow steady or unsteady? Is it two dimensional or three dimensional flow? 

Make calculations for velocity, local acceleration and convective acceleration of a fluid particle in 

this flow fluid point P(2,1,3)                                                                                                          [BPUT-2006S] 

10.  The fig. shows a flow of incompressible fluid of density ρ flowing past an impervious plate AD. BC 

is an imaginary plane at a height h above the plate. The flow approaching the plate is  of uniform 

velocity U and the velocity profile at the edge DC of the plate is given by 
𝑢

𝑈
= (

𝑦

ℎ
)
1/7

 . Estimate the 

mass rate of outflow across BC per unit width of the plate.  
 

 

 U      B C     U 

 

 h 

    y  

 

 A D 

 L                                                                 [BPUT-2006-3rd sem.] 
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11. (a) Briefly discuss the stream lines, path lines and streak lines with example of each. 

(b) Show that for a one dimensional frictionless steady flow of a compressible fluid in an 

infinitesimal stream tube is ( dp/p + dA/A + dV/V) = 0, and from it deduce the continuity equation 

for an incompressible flow.                                                                                            [BPUT-2007-3rd sem.] 

12. (a) Define the equation of continuity. Obtain an expression for continuity equation for a three 

dimensional flow.                                                                                                                              [7] 

(b) Calculate the third velocity component so that they satisfy continuity equation: 

       u  = 4x2,  v = 4xyz.  [3]                                                                                               [BPUT-2009-3rd sem.] 

13. (a) Define streamline and stream-tube.                                                                                           [2+8] 

(b) The inlet and throat diameter of a horizontal venturimeter are 30 cm and 10 cm respectively. 

The liquid flowing through the meter is water. The pressure intensity at inlet is 13.734 N/cm2 

while the vacuum pressure head at the throat is 37 cm of mercury. Find the rate of flow. Assume 

that 4% of the differential head lost between the inlet and throat. Find also the value of discharge 

coefficient for the venturimeter.                                                                                  [BPUT-2010-4th  sem.]                                                                                                                                                                      

14. Write short notes on:   [2x5] 

(a) Steady flow and unsteady flow. 

(b) Uniform flow and non-uniform flow. 

(c) Rotational flow and irrotational flow. 

(d) Laminar flow and turbulent flow.  

(e) Eulerian analysis of fluid kinematics.                                                        [BPUT-2011-3rd sem.-New] 

15. (a) Discuss one dimensional, two dimensional and three dimensional flow with the help of a neat 

sketch.[4] 

(b) For a two dimensional potential flow,  the velocity potential is given by ψ = 4x (3y – 4), 

determine the velocity at point (2,3). Determine also the stream function and its value at a point 

(2,3).[6] 

16. (a) Derive the differential form of continuity equation in Cartesian coordinates.[5] 

(b) The two dimensional stream function for a flow is  ψ = 9 + 6x – 4y + 7xy. Find the velocity 

potential function (Φ).[5]                                                                                               [BPUT-2012-3rd sem.] 

17. In a fluid flow, the velocity vector at any point is defined as V = 2x3i – 5x2yj + 4tk. Determine the 

velocity and acceleration at point (1, 2, 3) at unit time.[10]  

                                                                                                                                 [BPUT-2013-4th sem. Special] 

 

 

 

End of the Question set 
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INTRODUCTION:  
 

 
 

TYPES OF ENERGY IN FLUID FLOW: 
 

 
 

(a) Kinetic Energy 
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(b) Potential Energy 

 

 
 

(c) Pressure Energy ( also equals to Flow Energy) 
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EULERS EQUATION OF MOTION ALONG A STREAMLINE: 
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BERNOULLI EQUATION FOR FLUID FLOW: 
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ENERGY LINE AND HYDRAULIC GRADIENT LINES: 
 

 
 
 
EULERS AND BERNOULLI EQUATION FOR REAL FLUIDS: 
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DYNAMIC, STATIC AND TOTAL PRESSURE HEAD: 
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FLOW OR VELOCITY MEASURING DEVICES: 
 

 
 

VENTURI, ORIFICE AND NOZZLE METER: 
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FLOW MEASUREMENT USING ORIFICE: 
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Fluid Dynamics 

 

Short Questions: 

26. A water container is kept on a weighing machine. Water from a tap falling vertically in to the 

container with a volume flow rate of Q and the velocity of water when it hits the water surface is 

U. At a particular instance, the total mass of the container is ‘m’ kg. Find the force registered by the 

weighing machine at this instance of time.                                                                                 [BPUT-2003]                                                                                                                                         

27. What modifications do you suggest for the Bernoulli’s equation to be applicable for real fluid flow?                                                                                                                                   

                                                                                                                                                                  [BPUT-2003] 

28. Why the diverging part of a venturimeter is longer than the converging part?              [BPUT-2004]                                                                                                                                         

29. What power is required to produce an air stream of 1m diameter at the velocity of 30 m/sec 

without any change in pressure and temperature? Take density of air as 1.2 kg/m3.                                                                                                                    

                                                                                                                                                                  [BPUT-2004] 

30. A 300 mm diameter pipe carrying oil (RD = 0.8) at the rate of 0.212 m3/s, has a pressure of 200 

kN/m2 at a section 10 mm above the datum. Determine the total energy per unit mass of oil.                                                                                                                                           

                                                                                                                                                                [BPUT-2004S] 

31. Explain how Bernoulli’s equation, which is valid for irrotational flow, can be used to solve real 

fluid flow problems.                                                                                                                         [BPUT-2004S] 

32. The loss of head in converging portion of a horizontal venturimeter is 2.5 % of the differential 

pressure head. What is the meter co-efficient.                                                                        [BPUT-2004S] 

33. Write the Bernoulli’s equation per unit mass of the fluid. Mention its limitation. 

                                                                                                                                                                  [BPUT-2005] 

34. Calculate the force exerted by a water jet of 10mm diameter and velocity 10 m/s which strikes a 

flat angled 45O to the jet axis.                                                                                        [BPUT-2006-4th sem.]                                                                                

35. The pressure inside a 4 cm diameter base is 700 kPa. Find the velocity of the free jet coming out of 

a 2 cm diameter nozzle fitted at the exit of the hose.                                             [BPUT-2006-3rd sem.]                                                                                                                           

36. A 15 cm Φ x 7.5 cm Φ venturimeter has Cd = 0.6. If the loss of head between inlet and throat is 0.78 

cm, calculate the piezometric head difference between inlet and throat.                                                                                                              

                                                                                                                                                [BPUT-2006-3rd sem.] 

37. Bernoulli’s theorem is based on which principle? Give its statement. Name three devices where 

Bernoulli’s equation is applied.                                                                                     [BPUT-2007-3rd sem.]                                                                
38. The pressure inside a 4 cm diameter hosepipe is 700 kPa (gauge). Find the velocity of the jet of 

water coming out of 2 cm diameter nozzle fitted at the exit of the hose pipe. 

                                                                                                                                              [BPUT-2006S-2nd year] 

39. State Bernoulli’s theorem for steady flow of an incompressible fluid. What are the practical 

applications of this theorem?                                                                                       [BPUT-2009-3rd  sem.] 

40. What is an orifice-meter? Write the expression for discharge of a orifice-meter. 

                                                                                                                                               [BPUT-2009-3rd  sem.] 

41. Write the Bernoulli’s equation for real fluids.                                                          [BPUT-2010-4th sem.] 

42. What is the difference between pitot tube and pitot static tube?                      [BPUT-2010-4th sem.] 

43. Give the statement of Bernoulli’s energy theorem and name three devices which works on the 

basic principle of Bernoulli’s theorem.                                                                      [BPUT-2011-3rd sem.] 
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44. Write three equipments used for flow measurement in a pipeline. What is the basic principle of a 

flow measurement device?                                                                             [BPUT-2013-4th sem. Special] 

Long questions: 

18. (a) If a 300 mm diameter pipe carrying 0.212 m3/sec discharge of oil (Relative  density = 0.8) has 

200 kN/m2 pressure at a section 10 m above the datum, determine the total energy per unit mass 

of oil.                                                                                                                                [4+6]  

(b) Water at 20℃ flows from sump to the pump at a velocity of 2 m/s through the suction pipe of a 

centrifugal pump. Calculate the maximum height of the centre line of the pump above the sump 

level, if the atmospheric pressure is 101.325 kPa and the vapour pressure of water is 2 x 103 

N/m2. Assume the friction loss in the suction pipe to be 1.0 m of water.                                                                      

                                                                                                                                                 [BPUT-2003-1st sem.] 

19. (a) A circular jet of water 50 mm in diameter and having a vertical upward velocity of 10 m/s at 

the nozzle is deflected by a horizontal circular disc of 1 TON weight. The disc is free to move 

vertically. Determine the height ‘h’ above the nozzle at which the disc will be in equilibrium. What 

assumptions you have made in solving the problem?        [7]                                                                                              

                                                                                                                                                 [BPUT-2003-1st sem.] 

 

 h 

 Jet 

 

                                                                                                                       

20.  What are the limitations of Bernoulli’s equation in the form:                                                       [5] 
P

ρg
+ 

V2

2g
+  z = C , where C is a constant throughout the flow field? Give justifications.     

                                                                                                                                                 [BPUT-2003-1st sem.] 

21. A vertical venturimeter carries a liquid of specific gravity 0.8 and has inlet and throat diameter of 

150 mm and 75 mm respectively. The pressure connection at the throat is 150 mm above that at 

the inlet. If the actual flow rate is 40 litre/sec and the coefficient of discharge is 0.96, then 

determine:                                                                                                     [5+5]                                                         
a. The pressure difference between inlet and throat and 

b.  The difference in levels of mercury in a vertical U-tube manometer connected between these 

points.                                                                                                                           [BPUT-2004-2nd  sem.] 

22. A square plate weighing 122 N and of uniform thickness arid 0.3 m edge, is hung such that it can 

swing freely about the supper horizontal edge. A horizontal water jet of diameter 0.02 m and 

having a velocity of 15 mm/sec impinges on the plate. The centre line of the jet is 0.15 m below 

the upper edge of the plate, and when the plate is vertical, the jet strikes the plate normally at its 

centre.    

(a) Find the force that must be applied at the lower edge of the plate in order to keep it vertical. 

(b) Find also the inclination of the plate to the vertical when the plate is allowed to swing freely.                                                                                                                

[BPUT-2004-2nd  sem.] 
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23.  Water flows through a horizontal venturimeter of inlet diameter 15 cm and inlet pressure of 215 

kPa(abs). Find the minimum throat diameter of the venturimeter to pass a discharge of 150 lps 

without causing cavitation. Assume saturation vapour pressure of water as 80 kPa (vacuum), 

atmospheric pressure as 76 cm of mercury and Cd of the meter as 0.978.                                                            

                                                                                                                                             [BPUT-2004-july-supl.] 

24. Determine the diameter of throat of a venturimeter to be introduced in a horizontal 10 cm 

diameter pipe so that the reading of the differential U-tube mercury manometer is 60 cm when 

the discharge of water is 20 lps. Assume Cd as 0.95. 

       If the meter has been placed vertically in the same pipe with flow upwards, what would be the 

reading of the manometer for the same rate of flow? Assume that the inlet and throat sections are 

20 cm apart.                                                                                                                                          [BPUT-2005] 

25. Water flows with a velocity of 12 m/sec along a 8 cm diameter fire hose to a nozzle 30 cm long 

and the pressure drops uniformly along its axis. Measurements indicate that there is a steady 

pressure of 3 x 105 N/m2 at entrance to the nozzle. Neglecting friction, estimate the acceleration 

of water in passing through the nozzle, the velocity and diameter of the jet and the vertical height 

to which the jet would rise. 

                                                                                                                                                 [BPUT-2006-4th sem.]                            

26. A pipe carrying oil of relative density 0.87 changes its size gradually from 15cm at section X to 45 

cm at section Y. The section X is 3.5m below section Y and pressures are 91.20 kPa and 59.82 kPa 

at X and Y respectively, if the discharge is 145 lps, find the head loss and the direction of flow.                                                                                                                    

                                                                                                                                                                [BPUT-2006S] 

27. A nozzle 50 mm diameter delivers a stream of water which strikes a flat plate which is held 

normal to the axis of the stream. If the issuing jet has a velocity of 18 m/s, make the calculation for 

the:                                                                                                                                       [BPUT-2006S-2nd year] 

(a) Force exerted on the plate, if held stationary. 

(b) Force exerted on the plate. If the plate moves in direction of the jet at 6 m/s. 

28. A horizontal venturimeter with inlet and throat diameters 300mm and 100mm respectively is 

used to measured the flow of water. The pressure at inlet is 130 kPa and the vacuum pressure at 

the throat is 350mm of mercury. Assuming that 3 % of differential head is lost between the inlet 

and throat, find the rate of flow.                                                                                   [BPUT-2006-3rd sem.]                                                                                                                                      

29. For a 90o bend pipe conveying water, if the pipe diameter = 30cm, Q = 330 lps, pressure before the 

bend = 135.27 kN/m2 (gauge), the pressure after the bend = atmospheric pressure, find the force 

required to hold the bend in place. Neglect bend losses.                                                                                                            

                                                                                                                                                 [BPUT-2006-3rd sem.] 

30. In a laboratory experiment, the test rig  fitted with a venturimeter lying vertical with (d/D) ratio 

0.6 fitted in a 10 cm diameter pipe. The venturimeter is 20 cm above the inlet. The meter has a 

coefficient of discharge of 0.92. Determine (a) pressure difference as recorded by gauges fitted at 

inlet and the throat.(b) pressure difference on vertical gravity 0.8 flow  through the meter at the 

rate of 50 lps.                                                                                                                      [BPUT-2007-3rd sem.] 

31. (a) Water is flowing in a pipe of 90 mm diameter with a mean velocity of 2 m/sec. The pressure is 

measured to be 350 kPa. If the pipe is 8 m above the datum, determine total head of water. 

Neglect head loss due to friction. 

(b) A pipe of 450 mm in diameter branches in two pipes of diameter 300 mm and 200 mm 

respectively. If the average velocity in 450 mm diameter is 3 m/sec, determine: 

(i) Discharge through 450 mm diameter pipe. 
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(ii) Velocity of flow in 200 mm diameter pipe if the average velocity in 300 mm pipe is 2.5 

m/s.                                                                                                                         [BPUT-2008-3rd sem.] 

32. A 300 mm x 150 mm venturimeter is provided in a vertical pipeline carrying oil of specific gravity 

0.9 and flow being upward. The difference in elevation of the throat section and entrance section 

of venturimeter is 300 mm. The differential U-tube mercury manometer shows a deflection of 250 

mm. Find: 

(a) Discharge of oil through pipe. 

(b) Pressure difference (in kPa) between inlet and throat section of venturimeter. Assume 

coefficient of discharge of the meter 0.98.                                                                 [BPUT-2008-3rd sem.] 

33. Determine the actual flow rate through a venturimeter placed 30o to the horizontal carrying 

gasoline of specific gravity 0.80. The mercury manometer connected shows a pressure difference 

of 10 cm Hg. Assume the coefficient of discharge 0.96, Diameter at inlet = 5 cm, and diameter at 

throat = 3 cm. 

If the venturimeter is turned into horizontal and vertical position, predict the differential 

manometer reading for the cases. Give justification for your answer.              [BPUT-2009-4th sem.]                                                                                                                                      

34. Find the discharge of water through a pipe 20 cm diameter placed in an inclined position, where a 

venturimeter is inserted having a throat diameter of 10 cm the difference of pressure between the 

main and throat is measured by liquid of specific gravity 0.4 in an inverted U-tube, which gives a 

reading of 30 cm. The loss of head between the main and throat is 0.2 times the kinematic head of 

pipe.[5]                                                                                                                                 [BPUT-2009-3rd sem.] 

35. (a) Write different assumptions made in the derivation of Bernoulli’s equation from   Euler’s 

equation.                                                                                                                                                          [3] 

(b) The water is flowing through a pipe having diameters 20 cm and 10 cm at section 1 and 2 

respectively. The rate of flow through pipe is 35 lps. The section 1 is 6m above datum and section 

2 is 4 m above datum. If the pressure at section 1 is 39.24 N/cm2, find the intensity of pressure at 

section 2.  [7]                                                                                                                     [BPUT-2010-4th  sem.]  

36. Describe venturimeter and calculate actual discharge.                                 [BPUT-2011-3rd sem.-old] 

37. Write short notes on                                                                                                                              [5+5] 

(a) Draft tube. 

(b) Siphon                                                                                                                   [BPUT-2011-3rd sem.-old] 

38. (a)Explain and provide a mathematical derivation of Bernoulli’s theorem. Justify that it follows 

from the conservation of energy principle.                                                                           [5] 

(b)A venturimeter has its axis vertical the inlet and throat diameter being 150 mm and 75 mm 

respectively. The throat is 225 m above inlet and k (coefficient of actual discharge) = 0.96. Petrol 

of specific gravity 0.78 flows up through the meter at a role of 0.029 m3/s. Find the pressure 

difference between inlet and the throat.                                                                      [5] 

                                                                                                                                      [BPUT-2011-3rd sem.-New] 

 

39. A horizontal venturimeter with inlet and throat diameters 35 cm and 15 cm respectively is used to 

measure flow of water. The pressure at inlet is 130 kPa and the vacuum pressure at throat is 350 

mm of mercury. Assuming 3 % of  differential head is lost between the sections, find the rate of 

flow. Assume Cd = 0.97.[10]                                                                                           [BPUT-2011-3rd sem.] 

40. (a) Derive the Bernoulli’s energy equation from Euler’s motion equation, mentioning the 

assumptions made in the derivation.[6] 
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(b) A 250 x 100 mm venturimeter is provided in a vertical pipeline carrying oil of relative density 

0.9, the flow being upwards. The differential U tube mercury manometer shows a gauge deflection 

of 250 mm. Calculate the discharge of oil, if the coefficient of meter is 0.98.[4]                                                                                                                       

                                                                                                                                                 [BPUT-2012-3rd sem.] 

41. A liquid with specific gravity 0.8 flows at the rate of 3 lit/sec through a venturimeter of diameters 

6 cm and 4 cm. If the manometer fluid is mercury, determine the value of mercury differential in 

manometer.[5]                                                                                                   [BPUT-2013-4th sem. Special] 

42. Derive Euler’s equation of motion along stream line and derive Bernoulli equation with statement 

and assumptions and list important engineering applications.[6]  

                                                                                                                                                 [BPUT-2014-3rd sem.] 

43. (a) A venturimeter is installed in a 300 mm diameter horizontal pipe line. The throat pipe rates is 

1/3 water flows through the installation. The pressure in the pipe line is 13.783 N/cm2 ( gauge) 

and vacuum in the throat is 37.5 cm of mercury. Neglecting head loss in the venturimeter, 

determine the rate of flow in the pipe line. [3] 

(b) Differentiate between momentum equation and impulse momentum equation.[2]                     

                                                                                                                                   [BPUT-2014-3rd sem.(Back)] 

44. A 30 mm diameter orifice is provided in the vertical side of a tank in which the head of water over 

the centre of the orifice is 1.5 m. The tank is supported from knife edges provided at 1.4 m above 

the centre of the orifice. The discharge from orifice is found to be 2.35 lit/sec. A weight of 58.8 N is 

required on the horizontal lever at a distance of 0.3 m from the knife edges to balance the tank in 

the vertical position. Determine all the coefficients of the orifices.[4]                                                               

                                                                                                                                   [BPUT-2014-3rd sem.(Back)] 

End of the Question Set 
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INTRODUCTION:  
 

 
 
HYDRAULICALLY “ROUGH” AND “SMOOTH” PIPES: 
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CONCEPT OF “HYDRAULIC DIAMETER” (Dh): 
 

 
 
DARCY-WEISBACH EQUATION FOR CALCULATING PRESSURE DROP: 
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MINOR LOSSES IN PIPE FLOW: 
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EXPRESSION FOR LOSS OF HEAD AT SUDDEN EXPANSION IN PIPE FLOW: 
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LOSSES IN ELBOWS, BENDS AND OTHER PIPE FITTINGS: 
 

 
 

TOTAL ENERGY LINE (TEL) AND HYDRAULIC GRADIENT LINE (HGL): 
 

 
 

CONCEPT OF EQUIVALENT LENGTH: 
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CONCEPT OF EQUIVALENT PIPE: 
 

 

 
 
FLUID POWER TRANSMISSION THROUGH PIPES: 
 

 
 
Condition for Maximum Power Transmission: 
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NETWORK OF PIPES: 
 

 
 

(a) Pipes in Series: 
 

 
 
 
 
 
 



FMHM for 3rd Semester BPUT (Mechanical and Civil) Students                                        

Prepared By: Prof. Manoj Kumar Pradhan (Professor, Mechanical Engg. G.I.T.A., Bhubaneswar)                 Page | 89 

(b) Pipes in Parallel: 
 

 
 
 
 
 

  
 

End of This Chapter 
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Flow through Pipes 

  

Short Questions:                                                                                                                                       

01. If the pressure at the inlet of a pipe is 882 N/mm2 and the pressure drop is 0.98 N/mm2. Find the 

efficiency of power transmission.                                                                                                  [BPUT-2004]                                             

02. What is skin friction drag? Mention its importance in fluid flow.                      [BPUT-2006-4th sem.]              

03. Wake formation behind the body causes drag. Justify why?                                [BPUT-2006-4th sem.]                        

04. What is Reynolds number and what is its significance?                             [BPUT-2011-3rd sem.-New] 

05. List the causes of minor energy losses in a pipe line.                                             [BPUT-2012-3rd sem.] 

06. What do you mean by TEL ? How it differs from HGL ?                                         [BPUT-2012-3rd sem.] 

Long questions:                                                                             

                                                                                                                            
01.  (a) Prove that the head lost due to friction is equal to one-third of the total head at inlet for 

maximum power transmission through pipes or nozzles.                                                               [5] 

(b) A pipe of diameter 25 cm and length 2000 m connects two reservoirs, having difference of 

level 25 m. Determine the discharge through pipe. If an additional pipe of diameter 25 cm and 

length 1000 m is attached to the last 1000 m length of the existing pipe, find the increase in 

discharge, f = 0.015, neglect minor losses. [5]                                                         [BPUT-2009-3rd sem.]                                                                                                                                      

02. What are the different terms of energy in a flowing fluid? Represent schematically Bernoulli’s 

equation for flow through a tapering pipe and show the position of total energy line and datum 

line.  [5]                                                                                                                                [BPUT-2009-3rd sem.]                                                                               

03. (a) A pipeline 0.225 m in diameter and 1580 m long has a slop of 1 in 200 for the first 790 m and 1 

in 100 for the next 790 m. The pressure at the upper end of the pipe line is 107.91 kPa and the 

lower end is 53.955 kPa. Taking f = 0.032, determine the discharge through the pipe.                                                                                                                                                                  

[6] 

(b) State and explain laws of fluid friction and Archimedes principle.                                        [4] 

                                                                                                                              [BPUT-2011-3rd sem.-New] 

04.  A 0. 3 m diameter pipe, 2360 m long is connected with a reservoir whose surface is 75 m above 

the discharging end of the pipe. If for the last 1140 m, a second pipe of the same diameter be laid 

beside the first and connected to it, what would be the increase in discharge? Assume f = 0.02.[10]                                                                        

                                                                                                                                                 [BPUT-2011-3rd sem.] 

05. A main pipe divides into two parallel pipes, which again forms one pipe. The length and diameter 

for the first parallel pipe are 2000 m and 1m respectively, while the length and diameter  of the 

second parallel pipe are 2000 m and 0.8 m respectively. Find the rate of flow in each parallel pipe, 

if total flow in the main is 3 m3/s, the coefficient of friction for each parallel pipe is same and equal 

to 0.05.[10]                                                                                                                         [BPUT-2012-3rd sem.]                    

 

End of the Question Set 
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HYDRAULIC TURBINES 
 
 

 
 

   

 
 
 
 



FMHM for 3rd Semester BPUT (Mechanical and Civil) Students                                        

Prepared By: Prof. Manoj Kumar Pradhan (Professor, Mechanical Engg. G.I.T.A., Bhubaneswar)                 Page | 94 

 
 
INTRODUCTION:  
 

 
 
HYDRAULIC POWER PLANT: 
 

 
 
CLASSIFICATION OF TURBINES: 
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IMPORTANT DIMENSIONLESS PARAMETERS: 
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SIMILITUDE AND MODEL TESTING: 
 

 
 



FMHM for 3rd Semester BPUT (Mechanical and Civil) Students                                        

Prepared By: Prof. Manoj Kumar Pradhan (Professor, Mechanical Engg. G.I.T.A., Bhubaneswar)                 Page | 97 

 



FMHM for 3rd Semester BPUT (Mechanical and Civil) Students                                        

Prepared By: Prof. Manoj Kumar Pradhan (Professor, Mechanical Engg. G.I.T.A., Bhubaneswar)                 Page | 98 

 

 



FMHM for 3rd Semester BPUT (Mechanical and Civil) Students                                        

Prepared By: Prof. Manoj Kumar Pradhan (Professor, Mechanical Engg. G.I.T.A., Bhubaneswar)                 Page | 99 

 
 
MODEL AND PROTOTYPE: 
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TURBINE EFFICIENCIES: 
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EULER TURBINE EQUATION: 
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Components of Power Produced: 
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PELTON TURBINE: 
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Power Development: 
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REACTION TURBINES: 
 

 

 
 

FRANCIS TURBINE: 
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(a) Spiral Casing: 
 

 
 

(b) Guide Blades: 
 

 
 
(c) The Runner: 
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(d) Draft Tube: 
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(e) Energy Transfer and Efficiency: 
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AXIAL FLOW TURBINES: 
 

 



FMHM for 3rd Semester BPUT (Mechanical and Civil) Students                                        

Prepared By: Prof. Manoj Kumar Pradhan (Professor, Mechanical Engg. G.I.T.A., Bhubaneswar)                 Page | 

118 

 
 

 



FMHM for 3rd Semester BPUT (Mechanical and Civil) Students                                        

Prepared By: Prof. Manoj Kumar Pradhan (Professor, Mechanical Engg. G.I.T.A., Bhubaneswar)                 Page | 

119 

 

 
CAVITATION IN HYDRAULIC MACHINES: 
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Fluid flow Machines (Turbines) 

Short questions: 

1. What is the importance of vapour pressure in flow of liquid?                                              [BPUT-2004] 

2. What is a draft tube? For which type of turbines it is used? What are its functions? 

                                                                                                                                                                  [BPUT-2005] 

3. Explain the purpose of providing scroll casing and guide vanes for a reaction turbine.  

                                                                                                                                                 [BPUT-2006-3rd sem.] 

4. Derive an expression for acceleration head in the suction pipe of a reciprocating pump.                                                                                                              

                                                                                                                                                 [BPUT-2006-3rd sem.] 

5. Define hydraulic efficiency  (𝜂ℎ) and mechanical efficiency (𝜂𝑚) and overall efficiency (𝜂𝑜) for a 

hydraulic turbine. Show that  𝜂𝑜 = 𝜂ℎx 𝜂𝑚 .                                                             [BPUT-2007-3rd sem.]                                                 

6. What is runway speed for a hydraulic turbine? Find out a situation when it occurs? How it is 

helpful in design of rotating components of turbine?                                            [BPUT-2007-3rd sem.]                              

7. Where draft tubes are used? Write two functions of draft tubes                       [BPUT-2007-3rd sem.]              

8. Draw velocity triangle diagram at inlet and outlet for a jet striking tangentially at the inlet 

tip of an unsymmetrical moving curved vanes. Consider three possible cases of velocity 

diagram at outlet. No discussion.                                                                    [BPUT-2007-3rd sem.]                            

9. Explain why the curved vanes are extensively used in hydraulic machines than that flat vanes.                                                                                                                                         

                                                                                                                                                                [BPUT-2006S] 

10. Differentiate between impulse turbine and reaction turbine with an example of each. 

                                                                                                                                                                  [BPUT-2008] 

11. Draw the velocity diagram at inlet and outlet for a jet striking at the centre of an impulse turbine 

blade. Consider three possible cases at outlet side.                                                                  [BPUT-2008] 

12. What is runway speed of hydraulic turbine? Find out a situation when it may occur. State some of 

its importance in design of rotating components.                                                   [BPUT-2009-4th sem.] 

13. Define the term speed ratio, flow ratio and jet ratio as in case of hydraulic turbine. 

                                                                                                                                                 [BPUT-2009-4th sem.] 

14. What is meant by the speed ratio of a pelton wheel?                                            [BPUT-2009-3rd  sem.] 

15. Define the specific speed of a turbine. Write the significance of it.                   [BPUT-2009-3rd  sem.] 

16. Differentiate between impulse and reaction turbines.                                          [BPUT-2010-4th sem.] 

17. Define the term speed ratio, flow ratio and jet ratio in case of hydraulic turbine. 

                                                                                                                                        [BPUT-2011-3rd sem.-old] 

18. What do you mean by governing of turbine?                                                   [BPUT-2011-3rd sem.-old] 

19. Differentiate between reaction and impulse turbine.                                 [BPUT-2011-3rd sem.-New] 

20. What is cavitation in turbine?                                                                            [BPUT-2011-3rd sem.-New] 

21. What do you mean by overall efficiency of turbine?                                    [BPUT-2011-3rd sem.-New] 

22. Distinguish between impulse and reaction turbine.                                               [BPUT-2011-3rd sem.] 

23. Where do the draft tubes are used? State its functions.                                        [BPUT-2011-3rd sem.] 

24. What do you mean by cavitation in turbine? Where it occurs?                  [BPUT-2013-4th sem. Special] 

25.  Where do the draft tubes are used? State its functions.                          [BPUT-2013-4th sem. Special] 

26. What are the unit quantities in turbine and define them?                                    [BPUT-2014-3rd sem.]                                                                                                                 
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Long questions: 

01. The inner and outer diameter of an inward flow water turbine are 60 cm and 120 cm respectively. 

Water enters the blades at the outer periphery with an absolute velocity of 40 m/sec, making an 

angle of 20o with the tangent to the wheel at inlet tip and leaves the blades with a flow velocity of 

6 m/s. If the blade angles at inlet and outlet are 30o and 20o respectively, determine (i) The speed 

of the turbine runners (ii) work done per kg of water.                                                             

                                                                                                                                                                  [BPUT-2005] 

02. An outward radial flow impulse turbine has nozzles with a total area of  15 cm2. The guide vanes 

make an angle of  30o to the wheel tangent at exit. The inner and outer diameters are 0.5 m and 

0.7 m respectively. The moving vanes have an outlet angle of 20o to the wheel tangent. The turbine 

develops 11.8 kW, at 700 rpm under a head of 75 m, and at a discharge of 0.05 m3/s. The water at 

discharge, leaves the runner in the forward direction and is inclined at 15o to the radius. Calculate:          

(a) The head lost in the nozzle 

(b) The head lost in the moving vanes 

(c) The head lost by the bearing friction.                                                           [BPUT-2006-4th sem.] 

03. A pelton turbine of diameter 1.5 is to develop 1500 kW at 400 rpm under a net head of 270m. If 

the overall efficiency is 0.9, determine: 

(a) The diameter of the jet 

(b) The speed ratio and specific speed. 

Take co-efficient of velocity of the jet as 0.96.                                                                        [BPUT-2006-S] 

04. A pelton turbine is to work at the foot of a dam whose reservoir level is 220 m. The full opening of 

the turbine nozzle is 200 mm and the coefficient of velocity of the jet is 0.98. The turbine is to 

operate at 250 rpm and develops 3.75 MW power. Assuming the blade to jet speed as 0.46, 

estimate the desirable wheel diameter at the pitch circle of the blades. The blade outlet angle is 

16o. Calculate the blading efficiency and turbine efficiency, neglecting the frictional effects.                                                                                              

                                                                                                                                                 [BPUT-2006-3rd sem.]                                                                                                                                      

05. The following data refer to a Pelton wheel turbine: 

Generator output = 4000 kW 

Effective head = 300 m 

Coefficient of velocity of nozzle = 0.97 

Speed ratio = 0.45 

Jet ratio = 12 

Overall efficiency = 86% 

Generator efficiency = 96% 

Number of poles = 32                                                                                                       [BPUT-2007-3rd sem.] 

Determine (a) Quantity of water required per sec (b) Size of jet(c) Mean diameter of 

runner(revised) (d) Synchronous speed of wheel (e) Specific speed of turbine. 

06. (a) Define and derive for specific speed of hydraulic turbines. 

(b) The centre line of a centrifugal pump is 2.5 m above the level of water in sump and the static 

lift is 32.5 m. The loss of head due to friction in suction and delivery pipes are 1m and 8m 

respectively. The diameters of suction and delivery pipes are 12 cm each. The diameter and width 

of impeller at outlet are 30 cm and 1.8 cm respectively and the vanes are set back at an angle 30o 

with tangent to the wheel. The speed of pump is 1800 rpm, mechanical efficiency 75% and 
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manometric efficiency = 80%. Determine the rate of flow and power required to drive the pump. 

Assume radial entry.                                                                                                         [BPUT-2007-3rd sem.] 

07. The following data refer to a radial flow reaction turbine: 

Overall efficiency = 80% 

Power to be developed = 140 kW 

Available head = 8m 

Speed ratio = 0.96 

Flow ratio = 0.36 

Speed if turbine = 150 rpm 

Hydraulic losses = 22% of available energy 

Draw neat sketches and find: 

(a) Angle of guide blade at inlet (b) Wheel vane angle at inlet (c) Diameter of wheel (d) Width of 

wheel at inlet.                                                                                                              [BPUT-2008-3rd sem.] 

08. The following data refer to an inward flow reaction turbine: 

Net head = 86.4m, Runner speed = 650 rpm, Available shaft power = 397 kW, Ratio of width of 

wheel to diameter at inlet = 0.10, Ratio of inner diameter to outer diameter of runner = 0.5, Flow 

ratio – 0.17, Hydraulic efficiency = 95 %, Overall efficiency = 85 %, Velocity of flow is constant 

throughout. Discharge is radial at outlet. Determine:  

(a) Diameter of runner at inlet and outlet. 

(b) Width of wheel at inlet and outlet. 

(c) Guide blade angle. 

(d) Vane angle at inlet. 

(e) Vane angle at outlet.                                                                                                  [BPUT-2009-4th sem.] 

09. A Pelton wheel turbine working under a head of 350 m runs a 9560 kW generator at 750 rpm. 

The overall efficiency = 85 % 

Jet ratio = 6 

Coefficient of velocity = 0.985 

Speed ratio = 0.45 

No. of poles in generator = 36 

Determine (a)Runner diameter (b) Jet diameter (c) No. of jets required (d) Synchronous speed of 

generator. (e) Specific speed of turbine.                                                                     [BPUT-2009-4th sem.] 

10. (a) Prove that the work done per second per unit weight in a reaction turbine is given as: 

1/g(Vw1U1 ±Vw2U2), where Vw1, Vw2 = velocities of whirl at inlet and outlet respectively. U1,U2 = 

Peripheral velocities at inlet and outlet respectively.                                                                    [5] 

(b) A Kaplan turbine develops 9000 kW under a net head of 7.5 m. Mechanical efficiency of the 

wheel is 86%. The speed ratio based on the outer diameter is 2.2 and the flow ratio is 0.66. 

Diameter of the boss is 0.35 times the external diameter of the wheel. Determine the diameter of 

the runner and the specific speed of the runner. [5]                                              [BPUT-2009-3rd sem.] 

11. Two jets strike the buckets of a pelton wheel, which is having shaft power as 15450 kW. The 

diameter of each jet is given as 200 mm. If the net head on the turbine is 400 m, find the overall 

efficiency of the turbine.                                                                                                 [BPUT-2010-4th  sem.]  

12. The following data refers to a radial flow reaction turbine: 

Overall efficiency = 80 %, Power to be developed = 150 kW, Available head = 8 m, Speed ratio = 

0.96, Flow ratio = 0.36, Speed of turbine = 150 rpm, Hydraulic losses equal to 22 % of available 

energy. 

Draw neat sketches and find: 
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(a) Angle of guide blade at inlet. 

(b) Wheel vane angle at inlet. 

(c) Diameter of wheel. 

(d) Width of wheel at inlet.                                                                                    [BPUT-2011-3rd sem.-old] 

13. (a) Explain in brief about performance characteristic curves of turbine.                                   [3] 

(b) How model testing of turbines are done.                                                                                       [3] 

(c) A Francis turbine working under a head of 5 m at a speed of 210 rpm develops 75 kW when 

the rate of flow of water is 1.8 m3/s. The runner diameter is 1 m. If the head on this turbine is 

increased to 16 m, determine its new speed, discharge and power.                         [4]                                                                                         

                                                                                                                                      [BPUT-2011-3rd sem.-New] 

14.  A Pelton wheel turbine has to develop 13230 kW under a net head of 800 m, while running at a 

speed of 600 rpm. If the coefficient of velocity of jet = 0.97, speed ratio  =  0.46, jet ratio = 16, 

overall efficiency = 85 %. 

Calculate: 

(a) The number of jet required for the turbine. 

(b) Diameter of each jet. 

(c) Pitch diameter of runner. 

(d) Quantities of water supplied.[10]                                                                        [BPUT-2011-3rd sem.] 

15. (a) Obtain an expression for the work done per second by water on the runner of a pelton 

wheel.[6] 

(b) A pelton wheel has a mean bucket speed of 12 m/s and supplied with water at the rate of 0.7 

m3/s under head of 300 m. If the buckets deflect the jet through an angle of 160°, find the power 

developed and hydraulic efficiency of the turbine.[4]                                           [BPUT-2012-3rd sem.] 

16. Draw the velocity vector diagram at the inlet and outlet tip for a jet of water striking tangentially 

at the inlet tip of an unsymmetrical moving curved vane. Discuss all possible cases of blade angle 

at outlet.[5]                                                                                                       [BPUT-2013-4th sem. Special]

  

17. A Pelton wheel turbine running at 250 rpm under a head of 200 m develops 10000 kW. Coefficient 

of velocity of the nozzle = 0.98, Hydraulic efficiency = 87 %, Mechanical efficiency = 75 %, Speed 

ratio = 0.45, wheel diameter/ jet diameter = 10. Determine: 

(a) Flow rate required. 

(b) Wheel diameter. 

(c) Diameter of jet. 

(d) Number of jet. 

(e) Specific speed.[10]                                                                                     [BPUT-2013-4th sem. Special] 

 

End of the Question set  
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INTRODUCTION:  
 

 
 
CENTRIFUGAL PUMPS: 
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IMPELLER: 
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CLASSIFICATION: 
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PRESSURE DEVELOPED BY THE IMPELLER: 
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MANOMETRIC HEAD: 
 

 
 
ENERGY TRANSFER BY IMPELLER: 
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LOSSES IN CENTRIFUGAL PUMPS: 
 

 
 
 

 
 

EFFECT OF OUTLET BLADE ANGLE: 
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PUMP CHARACTERISTICS: 
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OPERATION OF PUMPS IN SERIES AND PARALLEL: 
 



FMHM for 3rd Semester BPUT (Mechanical and Civil) Students                                        

Prepared By: Prof. Manoj Kumar Pradhan (Professor, Mechanical Engg. G.I.T.A., Bhubaneswar)                 Page | 

140 

 
 



FMHM for 3rd Semester BPUT (Mechanical and Civil) Students                                        

Prepared By: Prof. Manoj Kumar Pradhan (Professor, Mechanical Engg. G.I.T.A., Bhubaneswar)                 Page | 

141 

 
 
 



FMHM for 3rd Semester BPUT (Mechanical and Civil) Students                                        

Prepared By: Prof. Manoj Kumar Pradhan (Professor, Mechanical Engg. G.I.T.A., Bhubaneswar)                 Page | 

142 

SPECIFIC SPEED AND SIGNIFICANCE: 
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CAVITATION: 
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RECIPROCATING PUMPS 
 

INTRODUCTION:  
 

 
 
COMPARISION: 
 

 
 
DESCRIPTION AND WORKING: 
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FLOW RATE AND POWER: 
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SLIP: 
 

 
 

INDICATOR DIAGRAM: 
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FRICTION HEAD: 
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FLOW INTO AND OUT OF AIR VESSEL: 
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End of This Chapter 
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Fluid flow Machines (Pumps) 

Short Questions: 

1. What is priming? Why is it necessary for a centrifugal pump?                                             [BPUT-2005] 

2. What is an indicator diagram for a reciprocating pump? What is its importance?  

                                                                                                                                                                  [BPUT-2005] 

3. Define specific speed for the hydraulic pump.                                                          [BPUT-2006-4th sem.]                                                             

4. Draw the indicator diagram for a pump with and without adequate air vessel.  

                                                                                                                                                 [BPUT-2006-4th sem.]                       

5. Relate percentage of slip with coefficient of discharge as in case of a reciprocating pump. Discuss a 

situation when negative slip occurs.                                                                           [BPUT-2007-3rd sem.]                                                  

6. What is meant by ‘minimum starting speed’ of a centrifugal pump?                                [BPUT-2006S] 

7. What do you mean by separation in reciprocating pumps? When can it occur? 

                                                                                                                                                                [BPUT-2006S] 

8. What do you mean by priming of a centrifugal pump? Why is it necessary?                   [BPUT-2008] 

9. Define slip and percentage of slip. State possible reason for occurrence of negative slip in case of 

reciprocating pump.                                                                                                                           [BPUT-2008] 

10. Compare the discharge versus crank angle diagram for single acting and double acting 

reciprocating pump.                                                                                                         [BPUT-2009-4th sem.] 

11. What do you mean by positive displacement pump? Give three examples of pump coming under 

this category.                                                                                                                       [BPUT-2009-4th sem.] 

12. Define specific speed of pump. Give its expression.                                                [BPUT-2009-4th sem.] 

13. Define Indicator diagram. Draw the diagram after consideration of the effect of the acceleration 

and friction in suction and delivery pipes.                                                               [BPUT-2009-3rd  sem.] 

14. What is cavitation and when does it occur?                                                              [BPUT-2010-4th sem.] 

15. Define negative slip and percentage of slip of a reciprocating pump.               [BPUT-2010-4th sem.] 

16. How does the torque converter differ from a fluid coupling?                              [BPUT-2010-4th sem.] 

17. What do you mean by positive displacement of pump?                                [BPUT-2011-3rd sem.-old] 

18. Define slip and percentage of slip.                                                                       [BPUT-2011-3rd sem.-old] 

19. Define specific speed separately for turbine and pump.                                       [BPUT-2011-3rd sem.] 

20. Express percentage of  slip of reciprocating pump in form of coefficient of discharge.  

                                                                                                                                                [BPUT-2011-3rd sem.] 

21. Distinguish between single acting and double acting reciprocating pump.  

                                                                                                                                                [BPUT-2011-3rd sem.] 

22. Define specific speed of centrifugal pump.                                                               [BPUT-2012-3rd sem.] 

23. What do you mean by manometric efficiency and mechanical efficiency of centrifugal pump? 

                                                                                                                                                 [BPUT-2012-3rd sem.] 

24. Define  slip of reciprocating pump.                                                                              [BPUT-2012-3rd sem.] 

25. What do you mean by NPSH of a centrifugal pump?                                  [BPUT-2013-4th sem. Special] 

26. What is the advantages of a double acting reciprocating pump with a single acting pump? 

                                                                                                                                 [BPUT-2013-4th sem. Special] 

27. Explain the cavitation in centrifugal pump, its effect and its precautions.  
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                                                                                                                                                 [BPUT-2014-3rd sem.] 

Long questions: 

01. Water is pumped through the system shown below at the rate of 0.1 m3/s. neglecting losses, 

calculate the power in kW required by the pump. Take P1 = 20 kN/m2, P2 = 195 kN/m2.                                                                    

                                                                                                                                             [BPUT-2004-july-supl.] 

               Dia : 0.15 m                  Dia 0.1 m 

                                 

    1 m                                            1.5 m 

  

            Datum 

02. For  a hydraulic machine installed between A and B the following data are available:          [5] 

Flow direction: From A to B 

Diameters        : At A 20 cm, at B 30 cm. 

Elevations        : At A 105.00 m, at B 100.00 m. 

Pressure           : At A 100 kPa, at B 200 kPa. 

Discharge         : 200 lps of water.  

Is the machine a pump or a turbine?                                                                                             [BPUT-2005] 

03. A single acting reciprocating pump has a plunger diameter of 20 cm and stroke length of 30 

cm. It draws water from a sump 3.5 m below the centre of the pump cylinder. Find the least 

diameter of the suction pipe if it is 6 m long. The pump runs at 50 rpm with SHM and 

separation occurs at 2.5 m of water absolute pressure. Given Patm = 10.3 m of water.                                                                                 

                                                                                                                                                                  [BPUT-2005] 

04. (a) Discuss the conditions under which “ Cavitation” and “Negative slip” occur and state why 

air vessels are used in reciprocating pumps?                                                                                      [4] 

(b) Determine the maximum speeds at which a double acting reciprocating pump can be operated 

under the conditions.                                                                                                                [6] 

(i) No air vessel on the suction line. 

(ii) A very large air vessel on the suction side close to the pump. 

Data given: The suction lift is 5m, length of suction pipe is 6.5m, diameter of suction pipe is 12cm, 

diameter of the piston is 18cm and length of the stroke is 50cm 

Assume the motion to be simple harmonic motion, atmospheric pressure head as 10.3m of water 

and separation occurs at 2.6m of water absolute. Also assume f = 0.024.                                                                                                               

                                                                                                                                                 [BPUT-2006-4th sem.]                                                                                                                   

05. A centrifugal pump running at 1000 rpm discharges 250lps of water against a head of 30m. 

At the outlet, the vanes are curved back at 30 degrees and the velocity of flow is 3 m/sec. If 

the manometric efficiency is 80%, determine the diameter and width of the impeller at 

outlet. Draw velocity triangles.                                                                                                                              

[BPUT-2006S] 

06. A centrifugal pump having impeller diameter of 1m, has backward curved vanes which 

makes an angle of 25o with the wheel tangent at the blade tip. At the operational speed of 

P 
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1440 rpm, the radial velocity of flow at the tip is 10 m/s. Determine:                                         

[BPUT-2006-3rd sem.] 

i. Actual work input per kg of water flow. 

ii. Absolute velocity of fluid at the impeller tip. 

iii. Manometric efficiency considering the kinetic energy at the outlet is wasted. 

07. (a) Show that for a Pelton wheel turbine blade, the hydraulic efficiency is maximum and 100 

% when the angle of deflection is 180o. Use velocity diagram. 

(b) Sketch and label the theoretical indicator diagram for a reciprocating pump. Superimpose the 

practical indicator diagram taking the effect of acceleration and friction in the suction and delivery 

side.                                                                                                                                        [BPUT-2007-3rd sem.] 

08. A single acting reciprocating pump has a plunger of 100 mm diameter and a stroke length of 

200 mm. The centre of the pump is 3m above the water level in the sump and 20m  below 

the water level in a tank to which water is delivered by the pump. The diameter and length 

of the suction pipe are  50mm and 5m while of delivery pipe 40mm and 30m respectively. 

Determine: (a) Maximum speed at which the pump runs without separation, if separation 

occurs at 7.35 N/cm2 below atmosphere (use indicator diagram),(b) Power required to 

drive the pump neglecting friction and slip of the pump.                                                                                         

[BPUT-2007-3rd sem.] 

09. (a) Describe what do you mean by pumps in series and pumps in parallel as in case of 

centrifugal pump? What advantage we get from the above two arrangement? 

(b) The following data refer to a centrifugal pump: 

The diameter of impeller at inlet and outlet = 180mm and 360mm respectively. 

The width of impeller at inlet and outlet = 144mm and 72mm respectively. 

The rate of flow through pump = 17.28 lps. 

Vane angle at outlet = 45o 

Neglecting vane thickness and losses through the impeller, determine the pressure rise in the 

impeller.                                                                                                                               [BPUT-2008-3rd sem.] 

10. Answer the following questions: 

(a) Differentiate between venturimeter and orifice meter. 

(b) Compare steady, unsteady, uniform and non-uniform flow. 

(c) Explain the advantages of using air vessel in suction and delivery pipe of reciprocating pump. 

(d) Give a neat sketch of  an impulse turbine governing mechanism.              [BPUT-2008-3rd sem.] 

11. (a) Draw and label theoretical indicator diagram of a single acting reciprocating pump. 

Superimpose the effect of acceleration and friction of flow over the same diagram. 

(b) A single acting reciprocating pump has a plunger diameter 100mm and stroke length 220mm. 

The length and diameter of suction pipe are 6.5m and 50mm respectively. If the suction lift of the 

pump is 3.2m and separation occurs when the pressure inside the cylinder falls below 2.5m of 

water absolute and manometer reads 763mm of mercury. Find the maximum speed at which the 

pump can be run without separation.                                                                         [BPUT-2008-3rd sem.] 

12. (a) Draw and discuss the operating characteristics of a centrifugal pump.                               [5] 

(b) A single acting reciprocating pump running at 30 rpm delivers 0.012 m3/s of water. The 

diameter of the piston is 25 cm and stroke length 50 cm. Determine: 

(i) The theoretical discharge of the pump. 

(ii) Coefficient of the discharge.    [5]                                                                          [BPUT-2009-3rd sem.] 

13. (a) Explain in detail, how a multistage centrifugal pump is having its advantages over a 

single stage centrifugal pump. 
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(b) It is required to deliver 48 lps of water to a height of 24m through a 150 mm diameter and 120 

m long pipe by a centrifugal pump. If the overall efficiency of the pump is 75 % and Darcy’s 

friction factor f = 0.01, determine the power required to drive the pump.  

                                                                                                                                                 [BPUT-2009-4th sem.] 

14. Derive an expression for acceleration head in the suction and delivery pipe of a 

reciprocating pump. State the assumptions required.                                                                      

[BPUT-2009-4th sem.] 

15. The piston diameter and stroke length of a single acting reciprocating pump are 300 mm 

and 500 mm respectively. The speed of pump is 50 rpm. The diameter and length of delivery 

pipe are 150 mm and 55 m respectively. If an air vessel is fitted on the delivery side at the 

centre line of the pump and Darcy’s friction factor f = 0.01, find: 

(a) Gain of head lost due to friction by fitting the air vessel. 

(b) Power saved in overcoming friction.                                                                    [BPUT-2009-4th sem.] 

16. (a) what is priming? Why is it necessary?                                                                                       [2+2] 

(b) Explain the following terms as they are applied to centrifugal pump. 

(i) Static suction lift 

(ii) static suction head 

(iii) Static discharge head.                                                                            [2+2+2] [BPUT-2010-4th  sem.] 

17. A centrifugal pump running at 1000 rpm. discharges 250 lit/sec of water against a head of 

30 m. At the outlet, the vanes are curved back at 30o and the velocity of flow is 3 m/s. If the 

manometric efficiency is 80 %, determine the diameter and width of the impeller at the 

outlet. Draw velocity triangles.                                                                                                                      

[BPUT-2011-3rd sem.-old] 

18. (a) What are the various types of losses occurring during the operation of a centrifugal 

pump. [5] 

(b) A pump operates at a maximum efficiency  of 82% and delivers 2.25 m3/s speed under a head 

of the 18 m while running at 3600 rpm speed. Compute specific speed of the pump. Also 

determine the discharge head and power input to pump at a shaft speed of 2400 rpm. Cite the 

assumptions made if any.[5]                                                                               [BPUT-2011-3rd sem.-New] 

 

19. (a) Draw a neat sketch of velocity diagram showing all components for a jet striking 

tangentially an unsymmetrical moving curved vane. Draw all three cases of velocity 

diagrams at outlet. [5] 

(b) A single acting reciprocating pump has a plunger diameter of 20 cm and stroke of 30 cm. The 

pump discharges 0.55 m3 of water per minute at 60 rpm. Find the theoretical discharge, co-

efficient of discharge and percentage of slip of the pump. If suction and delivery heads are 4 m and 

12 m respectively, find the power required to drive the pump.[5]  

                                                                                                                                                 [BPUT-2011-3rd sem.] 

20. (a) What do you mean by slip and negative slip? State the conditions at which negative slip    

        occurs in case of a reciprocating pump.[3] 

(b) The centrifugal pump has the following data: 

Discharge – 0.005 m3/s. 

Speed – 1500 rpm 

Impeller diameter- inside- 0.01 m, outside – 0.20 m. 

Width of the impeller – at inlet – 10 mm, at outlet – 5 mm. 

Total head – 22 m. 
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Vanes are curved back at an angle 30° to the tangent at outlet. With the help of a neat velocity 

diagram, determine the increase in pressure head. Neglect losses.[7] 

                                                                                                                                         [BPUT-2011-3rd sem.] 

21. Distinguish between the following (any four): [2.5 x 4] 

(a) Centre of buoyancy and metacentre. 

(b) Unit and specific quantities.  

(c) Positive displacement and rotodynamic pump. 

(d) Hydraulic gradient line and total energy line. 

(e) Flow separation and cavitation.                                                                            [BPUT-2011-3rd sem.] 

 

22. A centrifugal pump running at 800 rpm is working against a total head of 21 m. The external 

diameter of the impeller is 480 mm and the total outlet width is 60 mm. If the vane angle at 

outlet is 40° and manometric efficiency is 70 %, determine: 

(i) Flow velocity at the outlet. 

(ii) Absolute velocity of water leaving the vane. 

(iii) Angle made by the absolute velocity at outlet with direction of motion. 

(iv) Rate of flow through the pump.[10]                                                             [BPUT-2012-3rd sem.] 

23. (a) A four stage centrifugal pump with identical impeller develops a total head of 80. When 

running at 500 rpm. The discharge is 220 lit/sec. The vane angle at the outlet is 35o. Inlet is 

radial. Determine the manometric efficiency.[5]                                                  [BPUT-2013-4th 

sem. Special] 

(b) With a diagram, discuss the working of a hydraulic ram.[5] 

24. Distinguish between the following:                                                              [BPUT-2013-4th sem. 

Special] 

(a) Double acting reciprocating pump and double cylinder reciprocating pump. 

(b) Positive displacement pump and rotodynamic pump.[2.5x2] 

 

 

 

End of the Question Set 

 


