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Department of Civil Engineering 
RGMCET NANDYAL 

 

 

 

VISION  

 

• To be an outstanding department devoted to provide value based education 

in Civil Engineering which will produce socially aware professionals to 

provide solutions of global standards. 

 

MISSION   

• To impart quality education that develops innovative professionals with 

research orientation and entrepreneurs. 

• To prepare professionals with emphasizes on leadership, team work and 

ethical conduct. 

• To undertake collaborative projects and consultancy works with academia 

and industry. 

 

PROGRAM EDUCATIONAL OBJECTIVES 

 

PEO-1: Assessing societal needs and plan suitable infrastructure 

PEO-2: Excel in Civil Engineering and in other allied fields 

PEO-3: Develop team spirit and inter personal dynamics for effective 

execution and management of projects 

PEO-4: Adhering life-long learning skills and adopt to changing 

professional and societal needs 
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PROGRAM OUTCOMES (PO's): 

1. Engineering knowledge: Apply the knowledge of mathematics, science, 

engineering fundamentals, and an engineering specialization to the solution 

of complex engineering problems. 

2. Problem analysis: Identify, formulate, review research literature, and 

analyze complex engineering problems reaching substantiated conclusions 

using first principles of mathematics, natural sciences, and engineering 

sciences. 

3. Design/development of solutions: Design solutions for complex 

engineering problems and design system components or processes that meet 

the specified needs with appropriate consideration for the public health and 

safety, and the cultural, societal, and environmental considerations. 

4. Conduct investigations of complex problems: Use research-based 

knowledge and research methods including design of experiments, analysis 

and interpretation of data, and synthesis of the information to provide valid 

conclusions. 

5. Modern tool usage: Create, select, and apply appropriate techniques, 

resources, and modern engineering and IT tools including prediction and 

modelling to complex engineering activities with an understanding of the 

limitations. 

6. The engineer and society: Apply reasoning informed by the contextual 

knowledge to assess societal, health, safety, legal and cultural issues and the 

consequent responsibilities relevant to the professional engineering practice. 

7. Environment and sustainability: Understand the impact of the professional 

engineering solutions in societal and environmental contexts, and 

demonstrate the knowledge of, and need for sustainable development. 

8. Ethics: Apply ethical principles and commit to professional ethics and 

responsibilities and norms of the engineering practice. 

9. Individual and team work: Function effectively as an individual, and as a 

member or leader in diverse teams, and in multidisciplinary settings. 

10. Communication: Communicate effectively on complex engineering 

activities with the engineering community and with society at large, such as, 

being able to comprehend and write effective reports and design 

documentation, make effective presentations, and give and receive clear 

instructions. 

11. Project management and finance: Demonstrate knowledge and 

understanding of the engineering and management principles and apply 

these to one’s own work, as a member and leader in a team, to manage 

projects and in multidisciplinary environments. 

2



12. Life-long learning: Recognize the need for, and have the preparation 

and ability to engage in independent and life-long learning in the broadest 

context of technological change. 

 

 

PROGRAM SPECIFIC OUTCOMES 

 

PSO1 Capability to investigate, plan, analyze and design buildings for different 

purposes such as residential, commercial, public office, recreational etc. 

using STAAD Pro and relevant software  

PSO2 Competency in preliminary engineering surveys, planning and design of 

infrastructure viz. roads, bridges and designing traffic control systems etc. 

using Mx-Roads and other relevant software programs  

PSO3 Conduct field and laboratory tests for analysis and quality control of civil 

engineering projects  
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RGM-R-2019 

R G M COLLEGE OF ENGINEERING AND TECHNOLOGY 

AUTONOMOUS 

DEPARTMENT OF CIVIL ENGINEERING 

 

II B.Tech, I-Sem (CE)              L T C 

                  2 1 3 

(A0103193) FLUID MECHANICS 

COURSE OBJECTIVES: 

❖ The student shall learn the basics related to fluid i.e. properties of fluid, fluid statics, fluid kinematics, 

fluid dynamics, pipe flow, types of flow and flow measurement. 

COURSE OUTCOMES:  

At the end of the course student is able to 

❖ Understand the different types and properties of fluid. Apply the concept of Pascal’s law and 

hydrostatic law. 

❖ Evaluate hydrostatic forces. 

❖ Study the properties of fluid in motion and analyze forces on fluid through the continuity equation. 

❖ Analyze laminar and turbulent flows. 

❖ Compute friction losses and minor losses in pipes. 

❖ Determine discharge through pipes, tanks and channels using Venturi meter / Orifice meter, 

orifice/mouthpiece and notches 

❖ Understand how the fluids in motion are affected by the forces acting on them. 

MAPPING OF COs & POs: 
CO/PO PO1 PO2 PO3 PO4 PO5 PO6 PO7 PO8 PO9 PO10 PO11 PO12 PSO1 PSO2 PSO3 

CO1 2 3 - - - - - - - - - - 2 1 1 

CO2 3 3 - - - - 2 - - - - - 2 1 1 

CO3 3 3 - - - - - - - - - - 2 1 1 

CO4 3 3 1 - - - - - - - - - 2 1 1 

CO5 3 3 1 1 - - 2 - - - - - 2 1 1 

CO6 3 3 1 1 - - 2 - - - - - 2 1 1 

CO7 3 3 1 - - - 2 - - - - - 2 1 1 

UNIT-1 

Properties of Fluids: Dimensions and units – Physical properties of fluids- specific gravity, viscosity, surface 

tension, Capillarity, vapor pressure and their influences on fluid motion. 

Fluid Statics: Pascal’s law, Hydrostatic law - atmospheric, gauge and vacuum pressure- measurement of 

pressure. Pressure gauges, Manometers: differential and Micro Manometers. Hydrostatic forces on submerged 

plane surfaces (Horizontal and Vertical)-total pressure and center of pressure. 

UNIT-2 

Fluid Kinematics: Description of fluid flow, Stream line, path line and streak lines and stream tube. 

Classification of flows: Steady, unsteady, uniform, non-uniform, laminar, turbulent, rotational and irrotational 

flows – Equation of continuity for one, two, three dimensional flows – stream and velocity potential functions, 

flow net. 

UNIT-3 

Fluid Dynamics: Surface and body forces – Euler’s and Bernoulli’s equations for flow along a stream line for 

3-D flow, Momentum equation and its application – forces on pipe bend. Kinetic energy correction factor and 

momentum correction factor. 

UNIT-4 

Measurement of Fluid Flow: Pitot tube, Venturi meter and orifice meter – classification of orifices, flow over 

rectangular, triangular, trapezoidal and stepped notches - –Broad crested weirs. 

UNIT-5 

Flow Through Pipes: Laws of Fluid friction – Darcy’s equation, Minor losses (types), equation for head loss 

due to sudden expansion – pipes in series – pipes in parallel – Total energy line and hydraulic gradient line, 

Hydraulic transmission through pipe, siphon, Water Hammer. 

UNIT-6 

Laminar Flow 

Reynold’s experiment; Characteristics of laminar flow; Steady laminar flow through a circular pipe (Hagen 

Poiseuille equation). 

Turbulent Flow 

Characteristics of turbulent flow, Hydro dynamically smooth and rough boundaries, Velocity distribution, 

Friction factor for flow in pipe, Variation of friction factor with Reynold’s number –Moody’s chart. 
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RGM-R-2019 

R G M COLLEGE OF ENGINEERING AND TECHNOLOGY 

AUTONOMOUS 

DEPARTMENT OF CIVIL ENGINEERING 

 

 

TEXT BOOKS: 

1. Modi P.N., and Seth S.M., (2019), “Hydraulics and Fluid Mechanics Including Hydraulics Machines”, 

22nd Edition, Standard Book House, New Delhi. 

2. Frank. M. White., (2015), “Fluid Mechanics”, 8th Edition, Tata Mc. Grawhill Pvt. Ltd., USA. 

REFERENCES: 

1. Bansal R.K., (2018), “Fluid Mechanics and Hydraulic Machines”, 10th Edition, Laxmi Publications (P) 

Ltd., New Delhi. 

2. Douglas, J.F., Gaserek, J.M. and Swaffirld, J.A. (Longman), (2005), “Fluid Mechanics (4th edition)”, 

by Delhi Pearson Education, India. 

3. Mohanty A.K., (1994,) “Fluid Mechanics”, Prentice Hall of India Pvt. Ltd., New Delhi. 

4. Som S.K., and Biswas. G., (2010), “Introduction to Fluid Machines”, Tata Mc.Grawhill publishers Pvt. 

Ltd., USA. 

5. Edward J. Shaughnessy, Jr, Ira M. Katz and James P., (2005), “Schaffer Introduction to Fluid 

Machines”, Oxford University Press, New Delhi. 

WEB RESOURCES: 

1. Fluid Mechanics, http://nptel.ac.in/courses/105101082/ 

2. Fluid Mechanics, http://www.nptel.ac.in/courses/112104118/ui/TOC.htm 
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COURSE DELIVERY METHODS 

 

 

Name of the subject :  Fluid Mechanics 

Subject code : A0103193 

 

 

Course plan  

Delivery Methods : Chalk & Talk, Power Point Presentation, Tutorials, Video lectures, 

Analogy, Solving Numerical exercises, assignments, Brainstorming, Group 

Discussion/Interactive  session. 

Coverage of  

Unit  1 by : Chalk & Talk, Power Point Presentations, Solving numerical problems. 

Unit  2 by : Chalk & Talk, Solving numerical problems. 

Unit  3 by : Chalk & Talk, Solving numerical problems. 

Unit  4 by : Chalk & Talk, Power point Presentation, Solving numerical problems. 

Unit  5 by : Chalk & Talk, Power Point Presentations, Solving numerical problems. 

Unit  6 by : Chalk & Talk, Power Point Presentations, Solving numerical problems. 

 



20095A0102 

1. A body weighing 441.45N with a flat surface area of 0.093m2 slides down lubricated inclined plane making a 

300 angle with the horizontal. For viscosity of 0.1N.s/m2 and body speed of 3m/s, determine the lubricant 

film thickness.  

2. The diameters of a pipe at the sections 1 and 2 are 10cm and 15cm respectively. Find the discharge through 

the pipe if the velocity of water flowing through the pipe at section1 is 5m/s. Determine also the velocity at 

section 2. 

3. State some applications of continuity equation. 

20095A0103 

1. A trapezoidal plate having its parallel sides equal to 2a and a at a distance h apart is immersed vertically in a 

liquid with 2a side uppermost and at a distance h below the surface of the liquid. Find the thrust on the 

surface and the depth of the centre of pressure. 

2.  A 30cm diameter pipe, conveying water, branches into two pipes of diameters 20cm and 15cm respectively. 

If the average velocity in the 30cm diameter pipe is 2.5m/s, find the discharge in this pipe. Also determine 

the velocity in 15cm pipe if the average velocity in 20cm diameter pipe is 2m/s. 

3. What is the path travelled by the free jet called ? 

 

20095A0104 

1. Calculate the capillary rise h in a glass tube of 3mm diameter when immersed in water at 200C. Take surface 

tension for water as 0.075N/m. What will be the percentage increase in the value of h if the diameter of the 

glass tube is 2mm? 

2. Water flows through a pipe AB 1.2m diameter at 3m/s and then passes through a pipe BC 1.5m diameter. At 

C, the pipe branches. Branch CD is 0.8m in diameter and carries one-third of the flow in AB. The flow 

velocity in branch CE is 2.5m/s. Find the volume rate of flow in AB, the velocity in BC, the velocity in CD 

and the diameter of CE. 

3. How will you apply momentum equation for determining the force exerted by a flowing fluid on a pipe 

bend? 

20095A0106 

1. A vertical gate closes a horizontal tunnel 5m high and 3m wide running full with water. The pressure at the 

bottom of the gate is 196.2kN/m2. Determine the total pressure on the gate and position of centre of pressure. 

2. A 25cm diameter pipe carries oil of specific gravity 0.9 at a velocity of 3m/s. At another section the diameter 

is 20cm. Find the velocity at this section and also mass rate of flow of oil. 

3. Represent schematically the Bernoulli’s equation for flow through tapering pipe. 

ASSIGNMENT -1 

17



20095A0109 

1. Calculate the capillary effect in mm in a glass tube 3mmin diameter when immersed in (i) water (ii) Mercury. 

Both the liquids are at 200 C and the values of surface tensions for water and mercury at 200C in contact with 

air are 0.0736N/m and 0.51N/m respectively. Contact angle for water = 00 and for mercury =1300. 

2. The following cases represent the two velocity components, determine the third component of velocity such 

that they satisfy the continuity equation: [10 marks]                         u = 4x2 + 3xy, v = z3-4xy-2yz. 

3. Derive momentum equation. 

20095A0110 

1. A square aperture in the vertical side of a tank has one diagonal vertical and is completely covered by a plane 

hinged along one of the upper sides of the aperture. The diagonals of the aperture are 2m long and the tank 

contains a liquid of specific gravity 1.15. The centre of aperture is 1.5m below the free surface. Calculate the 

thrust exerted on the plate by the liquid and position of its centre of pressure. 

2. The following cases represent the two velocity components, determine the third component of velocity such 

that they satisfy the continuity equation:                 u = 4x2, v = 4xyz. 

3. Define moment of momentum equation. Where this equation is used ? 

20095A0111 

1. A U-tube manometer is used to measure the pressure of water in a pipeline, which is excess of atmospheric 

pressure. The right limb of the manometer contains mercury and is open to atmosphere. The contact between 

water and mercury is in the left limb. Determine the pressure of water in the main line, if the difference in 

level of mercury in the limbs of U-tube is 10cm and the free surface of mercury is in level with center of the 

pipe. If the pressure of water in pipe line is reduced to 9810 N/m2, calculate the new difference in the level of 

mercury. Sketch the arrangements in both cases. 

2. Calculate the unknown velocity component so that they satisfy continuity equation: u = 2x2, v = 2xyz, w=?          

3.  What are the forces that act on pipe bend. 

 

 

20095A0115 

1. An oil of viscosity 5poise is used for lubrication between shaft and sleeve. The diameter of the shaft is 0.5m 

and it rotates at 200 r.p.m. Calculate the power lost in oil for a sleeve length of 100mm. The thickness of oil 

film is 1mm. 

2. Calculate the unknown velocity component so that they satisfy the continuity equation: u = 2x2+2xy, w = z3-

4xz+2yz, v =? 

3. Define ‘dynamics of fluid flow’. 
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20095A0118 

1. What are the gauge pressure and absolute pressure at a point 3m below the free surface of a liquid having 

density of 1.53 X 103 kg/m3 if the atmospheric pressure is equivalent to 750mm of mercury? The specific 

gravity of mercury is 13.6 and density of water is 1000kg/m3. 

2. The velocity vector in a fluid flow is given, V=4x3i-10x2yj+2tk. Find the velocity and acceleration of a fluid 

particle at (2, 1, 3) at time t=1. 

3. State the assumptions made in derivation of Bernoulli’s equation. 

 

20095A0119 

1. A cubical tank has sides of 1.5m. It contains water for the lower 0.6m depth. The upper remaining part is 

filled with oil of specific gravity 0.9. Calculate the following for one vertical side of the tank: (i) total 

pressure (ii) position of centre of pressure. 

2. State and prove ‘Pascal’s law’. 

3. Why are the surface and body forces associated with fluid flow? How are they incorporated in Euler’s 

equation? 

 

20095A0120 

1. Calculate the capillary rise in a glass tube of 2.5mm diameter when immersed vertically in (a) Water and (b) 

Mercury. Take surface tension as 0.0725 N/m for water and 0.52 N/m for mercury in contact with air. The 

specific gravity for mercury is 13.6 and angle of contact is 1300. 

2. Explain the terms: (i) Compressibility (ii) Non-Newtonian fluids. 

3. What forces are included in ‘Euler’s equation’. 

 

20095A0123 

1. The pressure outside the droplet of water of diameter 0.04mm is 10.32N/cm2. Calculate the pressure within 

the droplet of the surface tension is given as 0.0725 N/m of water. 

2. Define the terms: (i) Specific weight (ii) Specific volume of a liquid. 

3. Derive Bernoulli’s theorem. 

20095A0124 1. A caisson for closing the entrance to the dry dock is of trapezoidal form 16m wide at the top and 10m wide at 
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the bottom and 6m deep. Find the total pressure and centre of pressure on caisson if the water on the outside 

is just level with the top and dock is empty. 

2. Differentiate between absolute and gauge pressure. 

3. Write a short note on Impulse-momentum equation. 

20095A0125 

1. A vertical gap 2.2cm wide of infinite extent contains a fluid of viscosity 2.0 Ns/m2 and specific gravity 0.9. A 

metallic plate 1.2m X 1.2m X 0.2 cm is to be lifted up with a constant velocity of 0.15 m/sec, through the 

gap. If the plate is in the middle of the gap, find the force required. The weight of the plate is 40 N. 

2. Distinguish between mechanical gauges and manometers. 

3. What forces included in ‘Reynolds’s equation of motion’. 

20095A0126 

1. A pipe line which is 4m in diameter contains a gate valve. The pressure at the center of the pipe is 19.6 

N/cm2. If the pipe is filled with oil of specific gravity 0.87, find the force exerted by the oil upon the gate and 

position of center of pressure. 

2. What is hydrostatic pressure distribution?  

3. What is the difference between momentum equation and impulse-momentum equation? 

20095A0127 

1. Determine the total pressure on circular plate of diameter 1.5m which is placed vertically in water such a way 

that the centre of the plate is 3m below the free surface of water. Find the position of centre of pressure also. 

2. Derive Hydrostatic law. 

3. Define and explain ‘Moment of Momentum equation’. 

20095A0135 

1. A plate 0.025mm distant from a fixed plate, moves at 50cm/s and requires a force of 1.471 N/m2 to maintain 

this speed. Determine the fluid viscosity between the plates in poise. 

2. Explain the importance of compressibility in fluid flow. 

3. Derive Bernoulli’s equation from Euler’s equation of motion. 

20095A0139 

1. A simple U-tube manometer containing mercury is connected to a pipe in which a fluid of specific gravity 

0.8 and having vacuum pressure is flowing. The other end of the manometer is open to atmosphere. Find the 

vacuum pressure in pipe, if the difference of mercury level in two limbs is 40cm and the height of fluid in the 

left from the centre of the pipe is 15cm below.  

2. Differentiate between stream function and velocity potential function. 
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3. What are the different forms of energy in flowing fluid. 

20095A0140 

1. Two large plane surfaces are 2.4cm apart. The space between them is filled with glycerin. What force is 

required to drag a very thin plate of surface area 0.5 m2 between two large plane surfaces at a speed of 

0.6m/s, if the thin plate is in the middle of two plane surfaces? Take dynamic viscosity of the glycerin as 8.10 

X 10-1 N.s/m2. 

2. A fluid flow is given by, V = 10x3i -8x3yj. Find the shear strain rate and state whether the flow is rotational or 

irrotational. 

3. Represent schematically the position of TEL and datum line for flow through a pipe. 

20095A0143 

1. A 15cm diameter vertical cylinder rotates concentrically inside another cylinder of diameter 15.10cm. Both 

cylinders are 25cm high. The space between the cylinders is filled with a liquid whose viscosity is unknown. 

If a torque of 12 Nm is required to rotate the inner cylinder at 100 r.p.m., determine the viscosity of the fluid. 

2. The stream function and velocity potential function of flow are given by: 

Ψ = 2xy,  = x2 – y2. Show that the conditions of continuity and irrotational flow are satisfied . 

3. How the Bernoulli’s theorem is modified while applying in practice. 

20095A0144 

1. A Newtonian fluid is filled in the clearance between a shaft and a concentric sleeve. The sleeve attains a 

speed of 50cm/s, when a force of 40N is applied to the sleeve parallel to the shaft. Determine the speed if a 

force of 200N is applied. 

2. Cite two examples of unsteady, non-uniform flow. How can the unsteady flow be transformed to steady 

flow? 

3. Derive Euler’s equation of motion along a streamline for an ideal fluid. 

20095A0145 

1. Two large plane surfaces are 3.6cm apart. The space between them is filled with glycerin. What force is 

required to drag a very thin plate of surface area 0.4 m2 between two large plane surfaces at a speed of 

0.8m/s, if the thin plate is at a distance of 0.5 cm from one of the plane surfaces? Take dynamic viscosity of 

the glycerin as 8.26 X 10-1 Ns/m2. 

2. Do the following velocity components represent physically possible flows? 

𝑢 = 𝑥2 + 𝑧2 + 5 ; 𝑣 =  𝑦2 + 𝑧2 ; 𝑤 = 4𝑥𝑦𝑧.   
3. State the properties of stream function. 
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20095A0146 

1. If the velocity profile of a fluid over a plate is parabolic with the vertex 20cm from the plate, where the 

velocity is 120 cm/sec. Calculate the velocity gradients and shear stresses at a distance of 0,20 cm from the 

plate, if the viscosity of the fluid is 8.5 poise. 

2. If for a two dimensional potential flow, the velocity potential is given by,  = x(2y-1), determine the velocity 

at the point P(6,10). Determine also the value of stream function Ψ at the point P. 

3. Derive Bernoulli’s equation for the flow of an incompressible fluid from the consideration of momentum. 

20095A0148 

1. The right limb of a simple U-tube manometer containing mercury is open to the atmosphere while the left 

limb is connected to a pipe in which a fluid of specific gravity 0.9 is flowing. The centre of the pipe is 12cm 

below the level of mercury in the right limb. Find the pressure of fluid in the pipe if the difference of mercury 

level in two limbs is 20cm. 

2. The stream function for a two-dimensional flow is given by Ψ =2xy, calculate the velocity at the point P(2,3). 

Find the velocity potential function . 

3. What forces are included in ‘ Navier-stokes equation’. 

20095A0149 

1. The dynamic viscosity of an oil, used for lubrication between shaft and sleeve is 6 poise. The shaft is of 

diameter 0.4m and rotates at 190 r.p.m. Calculate the power lost in the bearing for a sleeve length of 90mm. 

The thickness of the oil film is 1.5mm. 

2. A 30cm diameter pipe carries oil of specific gravity 0.8 at a velocity 2m/s. At another section the diameter is 

20cm. Find the velocity at this section and also mass rate of flow of oil. 

3. What are the different types of vortex flow. Explain with examples. 

20095A0150 

1. An open tank contains water up to a depth of 2m and above it an oil of specific gravity 0.9 for a depth of 1m. 

Find the intensity of pressure (i) at the interface of two liquids (ii) at the bottom of the tank. 

2. The following cases represent the two velocity components, determine the third component of velocity such 

that they satisfy the continuity equation: [10 marks] 

(i) u = x2+y2+z2 ; v =xy2-yz2+xy  

(ii) u = 2y2 ; v =2xyz 

3. Water is flowing through a pipe of 5cm diameter under a pressure of 29.43N/cm2(gauge) and with mean 

velocity of 2 m/s. Find the total head or total energy per unit weight of water at a cross section, which is 5m 
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above the datum line. 

20095A0151 

1. The space between two square flat parallel plates is filled with oil. Each side of the plate is 60cm. The 

thickness of the oil film is 12.5mm. The upper plate, which moves at 2.5m per second, requires a force of 

98.1 N to maintain the speed. Determine :  

• the dynamic viscosity of the oil in poise, 

• the kinematic viscosity of the oil in stokes if the specific gravity of the oil is 0.95.  

2. State if the flow represented by u = 3x +4y, v = 2x – 3y, is rotational or irrotational. 

3. A pipe, through which water is flowing, is having diameters, 20cm and 10cm at cross-sections 1 and 2 

respectively. The velocity of water at section 1 is given 4 m/s. Find the velocity head at sections 1 and 2 and 

also rate of discharge. 

20095A0157 

1. A hydraulic press has ram of 20cm diameter and a plunger of 3cm diameter. It is used for lifting weight of 30kN. 

Find the force required at the plunger. 

2. A fluid flow is given by: = 𝑥𝑦2 𝑖 − 2𝑦𝑧2𝑗 − [𝑧𝑦2 −
2𝑧3

3
] 𝑘 . Prove that it is a case of possible steady 

incompressible fluid flow. 

3. The water is flowing through a pipe having diameters 20cm and 10cm at sections 1 and 2 respectively. The rate of 

flow through pipe is 35litres/s. the section 1 is 6m above datum and section 2 is 4m above datum. If the pressure at 

section 1 is 39.24 N/cm2,find the intensity of pressure at section 2. 

20095A0158 

1. A hydraulic press has a ram of 30cm diameter and a plunger of 4.5cm diameter. Find the weight lifted by the 

hydraulic press when the force applied at the plunger is 500N. 

2. Check if  = x2 –y2 + y represents the velocity potential for 2D irrotational flow. If it does then determine the 

stream function Ψ. 

3. The water is flowing through a taper pipe of length 100m having diameters 600mm at upper end and 300mm at the 

lower end, at the rate of 50litres/s. The pipe has a slope of 1 in 30. Find the pressure at the lower end if the pressure 

at the higher level is 19.62 N/cm2. 

20095A0159 
1. Two horizontal plates are placed at 1.25cm apart; the space between them is filled with oil of viscosity 14 

poise. Calculate the shear stress in oil if upper plate is moved with a velocity of 2.5 m/s. 

2. A stream function is given by Ψ =5x-6y. Calculate the velocity components and also the magnitude and 
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direction of the resultant velocity at any point. 

3. Water is flowing through a pipe having diameter 300 mm and 200mm at the bottom and upper end 

respectively. The intensity of pressure at the bottom end is 24.525 N/cm2 and the pressure at the upper end is 

9.81 N/cm2. Determine the difference in datum head if the rate of flow through pipe is 40litres/s. 

20095A0160 

1. Find the kinematic viscosity of an oil having density 981 kg/m3. The shear stress at a point in oil is 0.2452 

N/m2 and velocity gradient at that point is 0.2 per second. 

2. Differentiate between stream line and streak line. 

3. A pipe of diameter 400mm carries water at a velocity 25m/s. The pressures at the points A and B are given as 

29.43 N/cm2 and 22.563 N/cm2 respectively while the datum head at A and B are 28m and 30m. Find the loss 

of head between A and B. 

20095A0161 

1. Determine the total pressure and centre of pressure on an isosceles triangular plate of base 4m and altitude 

4m when it is immersed vertically in an oil of specific gravity 0.9 .The base of the triangle coincides with the 

free surface of the oil. 

2. The velocity potential function is given by,  = 5(x2 – y2). Calculate the velocity components at the point (4, 

5). 

3. A pipeline carrying oil of specific gravity 0.87, changes in diameter from 200mm diameter at a position A to 

500mm diameter at a position B which is 4m at a higher level. If the pressures at A and B are 9.81 N/cm2 and 

5.89 N/cm2 respectively and the discharge is 200litres/s. Determine the loss of head and direction of flow. 

20095A0162 

1. The capillary rise in the glass tube is not to exceed 0.2mm of water. Determine its minimum size, given that 

surface tension for water in contact with air as 0.0725N/m. 

2. A fluid flow field is given by, V = x2yi+ y2zj – (2xyz+yz2) k. Prove that it is a case of possible steady 

incompressible fluid flow. Calculate the velocity and acceleration at the point (2,1,3). 

3. A 450 reducing bend is connected in a pipeline, the diameters at the inlet and outlet of the bend being 600mm 

and 300mm respectively. Find the force exerted by water on the bend if the intensity of pressure at inlet to 

bend is 8.85 N/cm2 and rate of flow of water is 600 liters/s. 

20095A0163 
1. A jet of water from a 25mm diameter nozzle is directed vertically upwards. Assuming that the jet remains 

circular and neglecting any loss of energy, that will be the diameter at a point 4.5m above the nozzle, if the 

24



velocity with which the jet leaves the nozzle is 12m/s. 

2. Explain how vacuum pressure can be measured with the help of U-tube manometer. 

3. A 0.25m diameter pipe carries oil of specific gravity 0.8 at the rate of 120litres per second and the pressure at a 

point A is 19.62kN/m2. If the point A is 3.5m above the datum line, calculate the total energy at point A in 

meters of oil. 

20095A0167 

1. Sketch the stream lines represented by Ψ = x2 +y2. Also find out the velocity and its direction at point (1,2). 

2. Briefly explain the principle employed in the manometers used for the measurement of pressure. 

3. 250 liters/s of water is flowing in a pipe having a diameter of 300mm. If the pipe is bent by 1350, find the 

magnitude and direction of the resultant force on the bend. The pressure of the flowing water is 39.24 N/cm2. 

 

20095A0169 

1. In a 2D incompressible flow, the fluid components are given by, u = x – 4y and v = (-y-4x). Show that velocity 

potential exists and determine its form. 

2. Convert a pressure head of 100m in water to (i) kerosene of specific gravity 0.81, (ii) carbon tetrachloride of 

specific gravity 1.6. 

3. A 0.3m pipe carries water at a velocity of 24.4m/s. At points A and B measurements of pressure and elevation 

were respectively 361kN/m2 ,288kN/m2 and 30.5m , 33.5m. For steady flow, find the loss of head between A 

and B. 

20095A0170 

1. In a 2D incompressible flow, the fluid components are given by, u = x – 4y and v = (-y-4x). Find stream 

function. 

2. Find the depth of a point below water surface in sea where pressure intensity is 1.006MN/m2. Specific gravity of 

sea water = 1.025. 

3. A 300mm diameter pipe carries water under a head of 20m with a velocity of 3.5m/s. If the axis of the pipe turns 

through 450, find the magnitude and direction of the resultant force at the bend. 

20095A0171 

1. If for 2D flow, the stream function  is given by, Ψ = 8xy, calculate the velocity at the point P(4,5). Find the 

velocity potential function . 

2. Name the characteristic fluid properties to which the following phenomenon are attributable: (i) Cavitation (ii) 

Water hammer (iii) spherical shape of a drop of a liquid. 
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3. A pipe 300m long has a slope of 1 in 100 and tapers from 1.2m diameter at the high end to 0.6m diameter at the 

low end. Quantity of water flowing is 5400litres per minute. If the pressure at the high end is 68.67kPa, find the 

pressure at the low end. Neglect losses. 

20095A0172 

1. The velocity components in a 2D flow field for an incompressible fluid are as follows : 𝑢 =
𝑦3

3
+  2𝑥 − 𝑥2𝑦 𝑎𝑛𝑑  𝑣 = 𝑥𝑦2 − 2𝑦 −

𝑥3

3
 . 

Obtain an expression for the stream function Ψ. 

2. What is the position of the centre of pressure for a vertical semi-circular plane submerged in a homogeneous liquid with its diameter d 

at the free surface? 

3. In a 450 bend a rectangular air duct of 1sq.m cross sectional area is gradually reduced to 0.5 sq.m area. Find the magnitude and 

direction of the force required to hold the duct in position if the velocity of flow at the 1sq.m section is 10m/s and pressure is 2.934 

N/cm2.Take density of air as 1.16kg/m3. 

20095A0173 

1. A pipe(1)450mm in diameter branches into two pipes (2) and (3) of diameters 300mm and 200mm respectively. 

If the average velocity in 450mm diameter pipe is 3m/s, find : (i) discharge through 450mm diameter pipe, (ii) 

Velocity in 200mm diameter pipe if the average velocity in 300mm pipe is 2.5m/s . 

2. Find the surface tension in a soap bubble of 40mm diameter when the inside pressure is 2.5N/m2 above the 

atmospheric pressure. 

3. Oil of specific gravity 0.90 flows in a pipe 300mm diameter at the rate of 120litres per second and the pressure 

at a point A is 24.525kPa. If the point A is 5.2m above datum line, calculate the total energy at point A in terms 

of meters of oil. 

20095A0174 

1. For the velocity components given as : u = ay sin(xy) , v = ax sin(xy) . Obtain an expression for the velocity 

potential function. 

2. A trapezoidal channel 2m wide at the bottom and 1m deep has side slopes 1:1. Determine: (i) the total pressure (ii) 

the centre of pressure on the vertical gate closing the channel when it is full of water. 

3. A pipe of 300mm conveying 0.30m3/s of water has a right angled bend in a horizontal plane. Find the resultant 

force exerted on the bend if the pressure at inlet and outlet of the bend are 34.525 N/cm2 and 21.544 N/cm2.[ 

20095A0175 

1. Find the convective acceleration at the middle of a pipe which converges uniformly from 0.6m diameter to 0.3m 

diameter over 3m length. The rate of flow is 40 liters/s. If the rate of flow changes from 40 liters/s to 80litres/s 

in 40seconds , find the total acceleration at the middle of pipe at 20th second. 

2. Derive an expression for the force exerted on a submerged vertical plane surface by static liquid and locate the 
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position of centre of pressure. 

3. A 200mm diameter pipe carries water under a head of 25m with a velocity of 4m/s. If the axis of the pipe turns 

through 300,find the magnitude and direction of the resultant force at the bend. 

20095A0177 

1. Do the following velocity components represent physically possible flows ? 

u = x2 + z2 + 5 , v = y2 + z2 , w = 4xyz                

2.   Differentiate between simple and differential types of manometers. 

3. A pipeline 0.60m diameter conveying oil(specific gravity 0.85) at the rate of flow of 1800 liters per second has a 

900 bend in the horizontal plane. The pressure at the entrance to the bend is 147.15kN/m2 and loss of head in the 

bend is 2m of oil. Find the magnitude and direction of the force exerted by the oil on the bend. 

20095A0178 

1. The flow field is given by ψ = x3 y Check whether the given field exists or not? Further check whether it is 

irrotational? 

2. Develop the expression for the relation between gauge pressure P inside a droplet of liquid and the surface 

tension. 

3. A 300mm diameter pipe carries water under a head of 10m with a velocity of 5m/s. If the axis of the pipe turns 

through 250,find the magnitude and direction of the resultant force at the bend. 

20095A0182 

1.  Determine whether the following velocity components satisfy the continuity equation. i) u = cx, v = -cy ii) u = -

cx/y, v = c log xy 

2. What is the difference between U-tube differential manometers and inverted U-tube differential manometers? 

Where they are used? 

3. The diameter of a pipe gradually reduces from 1m to 0.7m. The pressure intensity at the centre line of 1m section 

7.848 kN/m2 and the rate of flow of water through the pipe is 600litres/s. Find the intensity of pressure at the 

centerline of 0.7m section. 

20095A0185 

1. The flow field of a fluid is given by V= xyi + 2yzj–(yz + z2 )k. Show that it represents a possible three dimensional 

steady incompressible continuous flow. 

2. The pressure intensity at a point in a fluid is 3.924 N/cm2. Find the corresponding height of fluid when the fluid is 

(a) water (b) oil of specific gravity 0.9. 

3. Write a short note on kinetic energy correction factor and momentum correction factor. 
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20095A0187 

1. A crude oil of viscosity 0.9 poise and relative density 0.9 is flowing through a horizontal pipe of diameter120 

mm and length 12m.Calculate the difference of pressure at the two ends of the pipe, if 785 N of the oil is 

collected in a tank in 25 seconds. 

2. What is difference between dynamic viscosity and kinematic viscosity? State their units of measurements. 

3. Differentiate between body and surface forces. 

20095A0189 

1. Given that u = x2 – y2 and v = – 2xy, determine the stream function and potential function for the flow. 

2. Explain in detail about the classification of ‘Single column manometer’. 

3. A pipe of 1m diameter carrying 2.5m3/s of water, is deflected through a 900 bend are anchored by the rods at 

right angles to the bend. Find the tension in each rod. 

20095A0192 

1. Sketch the stream lines represented by Ψ = xy. Also find out the velocity and its direction at point (2,3). 

2. Determine the specific gravity of a fluid having viscosity 0.05poise and kinematic viscosity 0.035 stokes. 

3. Water at a pressure of 294.3kN/m2 flows through a horizontal pipe of 100mm diameter with a velocity of 2m/s. 

If a bend is connected to the pipe which turns through 300 and tapers uniformly from 100mm to 50 mm. Find the 

force exerted on the bend other than those due to gravity. 

20095A0193 

1. Derive, from first principles, the condition for irrotational flow. Prove that, for potential flow, both the stream 

function and velocity potential function satisfy the Laplace equation. 

2. Determine the viscosity of a liquid having kinematic viscosity 6 stokes and specific gravity 1.9 

3. Water at a pressure of 294.3kN/m2 flows through a horizontal pipe of 100mm diameter with a velocity of 2m/s. 

If the diameter of the pipe gradually reduces to 50mm, what is the axial force on the pipe assuming no loss of 

energy. 

20095A0194 

1. Derive relation between velocity potential function and stream function. 

2. How does viscosity of a fluid vary with temperature? 

3. Water flows through a 0.9m diameter pipe at the end of which there is a reducer connecting to a 0.6m diameter 

pipe. If the gauge pressure at the entrance to the reducer is 412.02kN/m2 and the velocity is 2m/s, determine the 

resultant thrust on the reducer, assuming that the frictional loss of head in the reducer is 1.5m. 
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20095A0195 

1. Derive the equation of continuity for one dimensional flow of an incompressible fluid. 

2. Explain Newton’s law of viscosity. Explain the importance of viscosity in fluid motion. 

3. Velocity distribution for laminar flow for real fluid in a pipe is given as v = Vmax[1-(r2-R2)], where Vmax is 

velocity at the centre of pipe, R is pipe radius, and v is velocity at radius r from the centre of pipe. Determine the 

momentum correction factor. 

20095A0199 

1. Explain flow net analysis. 

2. Explain the phenomenon of capillarity. Obtain an expression for capillary rise of a liquid. 

3. A pipe carrying oil of specific gravity 0.877 changes in size from 0.15m at section A to 0.45m at section B. 

Section A is 3.6m lower than B and the pressures are 90.252kN/m2 and 59.841 kN/m2 respectively. If the 

discharge is 0.145m3/s, determine the head loss and the direction of flow. 

20095A01A2 

1. What are the different types of fluid flow? Explain with example. 

2. Derive expressions for total pressure and centre of pressure on horizontal plane surface. 

3. A bend in a pipeline conveying water gradually reduces from 0.8 m to 0.5m diameter and deflects the flow 

through an angle of 300. At the larger end, the gauge pressure is 142.682 kN/m2. Determine the magnitude and 

direction of the force exerted on the bend when the  flow is 875 liters/s. 

20095A01A3 

1. What are the methods of describing the fluid motion? 

2. Show that the centre of pressure of any lamina immersed under liquid is always below its centroid. 

3. The diameter of a pipe bend is 0.3m at inlet and 0.15m at outlet and the flow is turned through 1200 in a vertical 

plane. The axis at inlet is horizontal and the center of outlet section is 1.5m below the centre of the inlet section. 

The total volume of fluid contained in the bend is 0.085m3. Neglecting friction, calculate the magnitude and 

direction of the force exerted on the bend by the water flowing through it at 225litres per second when the inlet 

pressure is 137.34kN/m2. 

20095A01A6 

1. What do you understand by the terms (i) Total acceleration (ii) Local acceleration. 

2. State examples for the application of Newton’s law of viscosity. 

3. A bend in a pipeline conveying water gradually reduces from 0.6 m to 0.3m diameter and deflects the flow 

through an angle of 600. At the larger end, the gauge pressure is 171.675 kN/m2. Determine the magnitude and 

direction of the force exerted on the bend  
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a)when there is no flow. [7 marks] 

b)When the flow is 800 liters/s. 
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ASSIGNMENT-
2    

S.No Reg. No. question number  S.No Reg. No. 

question 
number  

1 20095A0102 1 29 20095A0158 1 

2 20095A0103 2 30 20095A0159 2 

3 20095A0104 3 31 20095A0160 3 

4 20095A0106 4 32 20095A0161 4 

5 20095A0109 5 33 20095A0162 5 

6 20095A0110 6 34 20095A0163 6 

7 20095A0111 7 35 20095A0167 7 

8 20095A0115 8 36 20095A0169 8 

9 20095A0118 9 37 20095A0170 9 

10 20095A0119 10 38 20095A0171 10 

11 20095A0120 11 39 20095A0172 11 

12 20095A0123 12 40 20095A0173 12 

13 20095A0124 13 41 20095A0174 13 

14 20095A0125 14 42 20095A0175 14 

15 20095A0126 15 43 20095A0177 15 

16 20095A0127 16 44 20095A0178 16 

17 20095A0135 17 45 20095A0182 17 

18 20095A0139 18 46 20095A0185 18 

19 20095A0140 19 47 20095A0187 19 

20 20095A0143 20 48 20095A0189 20 

21 20095A0144 21 49 20095A0192 21 

22 20095A0145 22 50 20095A0193 22 

23 20095A0146 23 51 20095A0194 23 

24 20095A0148 24 52 20095A0195 24 

25 20095A0149 25 53 20095A0199 25 

26 20095A0150 26 54 20095A01A2 26 

27 20095A0151 27 55 20095A01A3 27 

28 20095A0157 28 56 20095A01A6 28 

 

Assignment 2 

FLUID MECHANICS 

1. a) Derive the expression for the rate of flow through venturimeter.  

b)A horizontal venturimeter with inlet and throat diameters 30 cm and 15 cm 
respectively is used to measure the flow of water. The reading of differential 
manometer connected to the inlet and throat is 20 cm of mercury. Determine the 

rate of flow .Take Cd =0.98 .  
2. a)Differentiate between a large and small orifice.  

b)Obtain an expression for discharge through large rectangular orifice.  
3. a) Explain in detail about the classification of weirs. [ 

b)Determine the height of a rectangular weir of length 6m to be built across a 

rectangular  channel. The maximum depth of water on the upstream side of the 
weir is 1.8 m and discharge is 2000litres/s . Take Cd= 0.6 and neglect end 

contractions .  
4. a)Explain the effect on discharge over a notch or weir due to error in measurement 

of head for rectangular notch or weir.  
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b) The head of water over triangular notch of angle 600 is 50 cm and co-efficient of 
discharge is 0.62 . The flow measured by it is to be within an accuracy of 1.5% up 

or down. Find the limiting values of the head.  
5. a)An orificemeter with orifice diameter 10 cm is inserted in a pipe of diameter 

20cm. The pressure gauges fitted upstream and downstream of the orificemeter 
gives readings of 20N/cm2 and 9.81 N/cm2. Take Cd =0.6 . Find the discharge of 
water through pipe.  

b) The head of water over the center of an orifice of diameter 20mm is 1m. The 
actual discharge through the orifice is 0.85 liters/s. Find the co-efficient of 
discharge.  

6. A)Define and explain the terms : (i) Hydraulic gradient line and (ii) Total energy 
line.  

b)What is compound pipe? What will be the loss of head when pipes are connected 
in series?  

7.  Obtain an expression for the rise of pressure when the flowing water in a pipe is 

brought to rest by closing the valve gradually.  
8. What do you mean by equivalent pipe? Obtain an expression for the equivalent 

pipe.  
9. Define shear velocity or friction velocity for turbulent flow in circular pipes.  
10.  Discuss the practical applications of Reynolds experiment.  

11. Show that for laminar flow in circular pipes the friction factor is inversely 
proportional to the Reynolds’s number.  

12.  Explain how Reynolds’s experiment is conducted in the lab.  

13. Derive the relation between shear and pressure gradients in laminar flow.  
14. A rough pipe of diameter 400 mm and length 1000mm carries water at the rate of 

0.4m3/s. The wall roughness is 0.012mm. Determine the co-efficient of friction 
and velocity at distance of 150mm from the pipe wall.  

15. Show that shear stress varies linearly with the radius of circular pipe in steady 

laminar flow.  
16. A rough pipe of diameter 500 mm and length 1200mm carries water at the rate of 

0.6m3/s. The wall roughness is 0.010mm. Determine the wall shear stress and 

center line velocity at distance of 150mm from the pipe wall.  
17. A smooth pipe of diameter 400mm and length 800m carries water at the rate of 

0.04m3/s. Determine the head lost due to friction, wall shear stress and center 
line velocity. Take kinematic viscosity of water as 0.018 stokes.  

18.  How the shear stress varies when laminar flow is present between two parallel 

plates at rest. Elaborate.  
 

19. Obtain  an expression for co-efficient of friction in the terms of shear stress.  
20. Derive an expression for the velocity defect in pipes.  
21. Obtain an expression for the velocity distribution for turbulent flow in smooth 

pipes.  
22. Two parallel plates kept 75mm apart have laminar flow of glycerin between them 

with a maximum velocity of 1m/s. Calculate the discharge per meter width and 

shear stress at the plates. Take viscosity of glycerin as 8.35 poise.  
23. Obtain an expression for velocity distribution in terms of average velocity for 

smooth pipes.  
24.  Two parallel plates kept 90mm apart have laminar flow of glycerin between them 

with a maximum velocity of 2m/s. Calculate the velocity gradient at the plates and 

velocity at 10mm from the plate. Take viscosity of glycerin as 8.52 poise.  
25.  Obtain an expression for velocity distribution in terms of average velocity for 

rough pipes.  
26. Two parallel plates are placed horizontally 10mm apart. The bottom plate is fixed 

and the top plate is moved at a uniform speed of 0.25m/s. The fluid between them 
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has s dynamic viscosity is 1.5 N.s/m2 . Determine the pressure gradient which 
corresponds to the condition of zero discharge between the plates and the shearing 

stress at each plate.  
27. Explain in detail about the laws of fluid friction for turbulent flow.  

28. A steady flow of oil(specific gravity 0.85) occurs in a 0.1 diameter pipe which has 
a downward slope of  in 100. If the discharge measured is 3 liters per second, 
determine the pressure drop between two points on the pipe 200m apart. Take 

dynamic viscosity for oil as 1.2 poise.  
 

41



42



43



44



45



46



47



48



49



50



51



52



53



54



55



56



57



58



59



60



61



62



63



64



65



66



67



68



69



70



71



72



73



74



75



76



77



78



79



80



81



82



83



84



85



86



87



88



89



90



91



92



93



94



95



96



97



98



99



100



101



School of Civil Engineering
RGMCET(Autonomous): Nandyal
MID Questions Weightage to CO

FM (II - I-Sem A.Y. 2020-21) 

MID -I 

Q.NO CO-1 CO-2 CO-3 CO-4 CO-5 CO-6

1 a)
1

1 b)
1

1 c) 1

1 d)
1

1 e) 1
2 a) 2

2 b) 3
3 a) 3

3 b) 2

4 a) 2

4 b) 3

5 a) 3

5 b) 2

MID- I 68 12 20 0 0 0 100

MID -II

Q.NO CO-1 CO-2 CO-3 CO-4 CO-5 CO-6

1 a) 1
1 b) 1

1 c) 1

1 d) 1
1 e) 1

2 a) 5
2 b)

3 a) 5

3 b)

4 a) 5

4 b)

5 a) 5

5 b)

MID- I 0 0 24 48 28 0 0 100

Internal 34 6 22 24 14 0 0 100
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School of Civil Engineering

RGMCET(Autonomous): Nandyal

END EXAM  Questions Weightage to CO

END EXAM               

Q.NO CO-1 CO-2 CO-3 CO-4 CO-5 CO-6

1 a) 2

1 b) 2

1 c) 2
1 d) 2

1 e) 2

1 f) 2

1 g) 2

2 a) 7

2 b) 7

3 a) 8

3 b) 6
4 a) 7

4 b) 7

5 a) 7
5 b) 7
6 a) 7

6 b) 7

7 a) 7
7 b) 7

END EXAM 16.33 18.37 18.37 10.20 30.61 6.12 0.00 100
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School of Civil Engineering

RGMCET(Autonomous): Nandyal

Academic Year: 2020-2021 ( 2019 Batch)

Year:                      II B. Tech I Semester

Subject: FM  (R19)

Assesment C01 C02 C03 C04 C05 C06

Final Exam 16 18 18 10 31 6 100

Internal Exam 34 6 22 24 14 0 100

Assignment 17 17 17 17 17 17 100

Weighted Average 20 16 18.9 13.6 25.9 6.0 100

CO Attainment Calculation: ((COiFE*(FE/70)*100*0.7)+(COiIM*(IM/25)*100*0.25)+(COiA*(A/5)*100*0.05))/Coiwavg

Caluculation of CO Attainment of Subject
A: Assignment Marks,  IM: Internal Marks,  FE: Final Exam Marks

Reg. NO: A IM FE CO-1 CO-2 CO-3 CO-4 CO-5 CO-6

18091A0108 8 6 1 18 12 15 21 10 23

18091A0133 7 1.5 12 18 22 20 20 20 32

19091A0101 8 0 9 14 19 16 17 16 32

19091A0102 9 0.75 1 10 11 10 13 7 26

19091A0103 9 8.5 25 43 42 42 45 40 51

19091A0104 8 3 13 22 25 23 25 22 36

19091A0105 9.5 12.5 47 68 70 69 69 68 75

19091A0106 8 5.5 11 25 23 24 28 21 34

19091A0107 8 9.5 26 44 42 43 46 41 49

19091A0108 8 5.5 9 23 21 22 26 19 32

19091A0109 9 8.75 30 47 48 47 49 46 56

19091A0110 9 2.25 8 18 20 18 21 16 33

19091A0111 7.5 2.25 6 15 16 15 18 13 27
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19091A0112 8 7.5 25 40 41 40 42 39 48

19091A0114 8 4.5 4 18 15 16 21 12 27

19091A0115 9 9 32 49 50 49 51 48 58

19091A0116 9 2 4 14 15 14 18 12 29

19091A0117 8 8.25 25 41 41 41 43 39 48

19091A0118 8 2.25 11 20 22 20 22 19 34

19091A0119 9 13 40 63 61 62 64 60 66

19091A0120 8 9 25 43 41 42 44 40 48

19091A0121 8.5 0.75 6 13 16 14 16 13 30

19091A0122 8 6 8 24 20 22 26 18 31

19091A0123 9 5.75 25 38 41 39 40 38 51

19091A0124 7 2.75 4 14 13 13 16 11 24

19091A0125 9 5.5 30 42 47 43 43 44 56

19091A0126 10 3.5 28 37 45 40 39 41 57

19091A0127 8.5 1 3 11 13 12 14 10 27

19091A0129 7.5 0.75 7 13 16 14 16 14 28

19091A0130 9 8.5 25 43 42 42 45 40 51

19091A0131 6.5 2.5 5 14 14 13 16 11 23

19091A0132 7.5 0.75 0 8 8 7 11 5 21

19091A0133 8.5 2.75 13 22 25 23 25 22 37

19091A0136 9.5 17.75 63 90 90 90 90 90 91

19091A0138 7.5 2.25 0 10 9 9 13 6 21

19091A0139 7 0.75 6 12 15 13 14 12 26

19091A0140 8 4.75 0 15 10 13 18 8 22

19091A0141 9 10 25 45 43 44 47 41 51

19091A0142 7 0.75 4 10 12 11 13 10 24

19091A0143 8 2.75 3 14 13 13 17 10 25

19091A0144 8.5 2.75 8 18 19 18 21 16 32

19091A0145 9 3.75 2 16 13 14 19 10 27

19091A0146 7.5 1.5 14 20 25 22 22 22 35

19091A0147 8.5 0.75 9 16 20 17 18 17 33

19091A0148 9 10.75 37 56 57 56 58 55 63
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19091A0149 9 8 37 52 56 53 53 54 63

19091A0150 8.5 1.75 1 11 11 10 14 8 25

19091A0151 9 8 34 49 52 50 51 50 60

19091A0152 9.5 7.5 26 42 43 42 44 41 53

19091A0153 9 13.5 30 55 50 53 57 49 56

19091A0154 9 5.5 28 40 44 41 42 42 54

19091A0155 9.5 18.25 53 83 79 81 84 79 81

19091A0156 10 17.25 52 81 78 79 82 77 81

19091A0157 9 5.5 26 38 42 40 40 40 52

19091A0158 9 9.75 37 55 56 55 56 55 63

19091A0159 10 19 48 80 74 77 82 73 77

19091A0160 8 1.5 4 13 14 13 15 11 27

19091A0161 9 2.5 6 17 17 17 20 14 31

19091A0162 8.5 4 27 36 42 38 38 40 52

19091A0163 9 6 28 41 45 42 43 42 54

19091A0164 7 2.25 5 14 14 14 16 12 25

20095A0101 9 14 40 64 62 63 66 61 66

20095A0102 10 11.75 34 56 55 55 58 53 63

20095A0103 10 7.25 44 57 65 60 58 62 73

20095A0104 10 2.25 27 34 43 38 36 40 56

20095A0105 9 9 25 43 42 43 46 40 51

20095A0106 10 6.75 39 52 59 55 53 56 68

20095A0107 9 15.75 25 55 45 51 58 44 51

20095A0108 9 11.5 28 50 47 48 52 45 54

20095A0109 10 10.75 32 53 52 52 55 50 61

20095A0110 10 14.75 40 66 63 65 68 62 69

20095A0111 10 9.5 37 55 57 56 57 55 66

20095A0112 9 16 43 70 66 68 71 65 69

20095A0113 9 15.25 32 60 53 57 62 52 58

20095A0114 9 17.25 31 62 52 58 65 52 57

20095A0115 10 12.75 33 57 54 56 59 52 62

20095A0116 9 13.75 44 67 66 67 68 65 70
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20095A0117 9 14.25 25 52 44 49 55 43 51

20095A0118 10 9.5 25 45 43 44 48 41 54

20095A0119 10 13.5 46 69 69 69 71 68 75

20095A0120 10 10 25 46 44 45 49 41 54

20095A0121 9 16.75 56 82 81 82 83 81 83

20095A0122 9 16.75 33 63 54 59 65 54 59

20095A0123 10 15.75 47 74 72 73 75 71 76

20095A0124 10 9.5 29 48 48 48 51 46 58

20095A0125 10 11 38 58 59 58 60 57 67

20095A0126 10 12.5 39 62 61 61 64 59 68

20095A0127 10 9 38 55 58 56 57 56 67

20095A0128 9 13.75 28 54 47 51 56 46 54

20095A0129 9 11.5 27 49 45 48 52 44 53

20095A0130 9 5.5 27 39 43 41 41 41 53

20095A0131 9 11.25 26 48 44 46 50 43 52

20095A0132 9 17.5 34 65 56 61 67 55 60

20095A0133 9 10 25 45 43 44 47 41 51

20095A0134 9 9 25 43 42 43 46 40 51

20095A0135 10 8.5 25 43 43 43 46 41 54

20095A0136 9 16.5 27 58 47 53 60 47 53

20095A0137 9 12 25 49 43 46 51 42 51

20095A0138 9 15.75 40 67 62 65 69 62 66

20095A0139 10 14.25 52 75 77 76 76 76 81

20095A0140 10 9.5 52 67 75 70 68 73 81

20095A0141 9 2.5 2 13 13 13 17 10 27

20095A0142 9 13 49 70 72 71 71 71 76

20095A0143 10 13 35 59 56 58 61 55 64

20095A0144 10 6.75 30 45 48 46 47 46 59

20095A0145 10 5.25 34 45 52 48 47 49 63

20095A0146 10 11.25 35 56 56 56 58 54 64

20095A0147 9 12.5 26 50 45 48 53 43 52

20095A0148 10 8.75 28 46 47 46 49 44 57
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20095A0149 10 11.25 25 48 44 46 51 42 54

20095A0150 10 6.5 25 40 42 41 42 40 54

20095A0151 10 14.75 31 59 52 56 61 51 60

20095A0152 9 16.75 36 66 58 62 68 57 62

20095A0153 9 8.5 34 50 52 51 52 51 60

20095A0154 9 16.25 62 86 88 87 86 88 89

20095A0155 9 0 3 10 13 11 13 9 28

20095A0156 9 7.5 41 54 60 56 55 58 67

20095A0157 10 6.75 25 40 42 41 43 40 54

20095A0158 10 17.25 55 83 81 82 84 81 85

20095A0159 10 6.25 25 40 42 40 42 39 54

20095A0160 10 6.5 33 47 52 48 48 49 62

20095A0161 10 1 9 17 21 19 21 18 37

20095A0162 10 15.5 45 72 69 71 73 68 74

20095A0163 10 18.75 60 90 88 89 90 88 90

20095A0164 9 0 0 8 10 8 11 6 25

20095A0165 9 13 42 64 64 64 65 62 68

20095A0166 4.5 0 12 14 19 16 15 17 25

20095A0167 10 13 42 65 65 65 67 63 71

20095A0168 9 11.5 29 51 48 49 53 46 55

20095A0169 10 10 40 58 61 59 60 59 69

20095A0170 10 8.25 50 64 72 67 64 70 79

20095A0171 10 8.5 25 43 43 43 46 41 54

20095A0172 10 9.5 33 52 53 52 54 51 62

20095A0173 10 12.5 35 58 56 57 61 55 64

20095A0174 10 12.75 60 79 86 82 80 84 90

20095A0175 10 16 53 79 79 79 80 78 83

20095A0176 9 3.75 7 20 19 19 23 16 32

20095A0177 10 15.5 56 81 82 81 82 81 86

20095A0178 10 9 38 55 58 56 57 56 67

20095A0179 9 15.5 54 78 79 78 79 78 81

20095A0180 9 9.75 26 46 44 44 48 42 52
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20095A0181 9 17 55 82 80 81 82 80 82

20095A0182 10 5 26 38 43 40 41 40 55

20095A0183 9 18 57 85 83 84 86 83 84

20095A0184 9 18.5 49 79 74 77 80 74 76

20095A0185 10 7 35 49 54 51 51 52 64

20095A0186 9 10.25 28 48 46 47 50 44 54

20095A0187 10 5 25 37 42 39 40 39 54

20095A0188 9 5.25 3 19 15 17 23 12 28

20095A0189 10 6 27 41 44 42 43 42 56

20095A0190 9 14.75 34 61 55 58 63 54 60

20095A0191 9 11.25 28 50 47 48 52 45 54

20095A0192 10 7.75 37 52 57 54 54 54 66

20095A0193 10 8.5 32 49 51 50 51 49 61

20095A0194 10 4.75 28 39 45 42 42 42 57

20095A0195 10 6 25 39 42 40 42 39 54

20095A0196 9 13 46 68 68 68 68 67 73

20095A0197 9 13.75 29 55 49 52 57 48 55

20095A0198 9 14 28 54 48 51 57 46 54

20095A0199 10 12.25 38 60 60 60 62 58 67

20095A01A0 9 16.75 43 71 66 69 73 66 69

20095A01A1 9 18 45 75 69 73 77 69 71

20095A01A2 10 9.25 30 49 49 49 51 47 59

20095A01A3 10 9.5 41 58 62 60 60 60 70

20095A01A4 9 15.5 33 61 54 58 63 53 59

20095A01A5 9 12.25 35 57 55 56 59 54 61

20095A01A6 10 17.5 65 92 93 92 92 93 95

20095A01A7 9 12.5 26 50 45 48 53 43 52

20095A01A8 9 14.25 30 57 50 54 59 49 56

Total 169

ABOVE 50% 3 78 74 76 91 69 125

30% TO 50% 2 51 55 53 38 60 19

BELOW 30% 1 40 40 40 40 40 25
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CO Attainment Value 2.22 2.20 2.21 2.30 2.17 2.59

CO % Attainment 47 44 45 54 41 74
CO % Threshold 50 50 50 50 50 50
CO Attained or Not (Yes/No) N N N Y N Y
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Calculation of PO Attainment of Subject

COAV PO1 PO2 PO3 PO4 PO5 PO6 PO7 PO8 PO9 PO10 PO11 PO12 PSO1 PSO2 PSO3

CO1 2.22 3 2 1 - - - - - 2 1 1

CO2 2.20 3 3 2 2 1 1 2 - - - - - 2 1 1

CO3 2.21 3 3 2 2 1 - - - - - 2 1 1

CO4 2.30 3 3 3 3 1 2 - - - - - 2 1 1

CO5 2.17 3 3 3 3 3 2 2 - - - - - 2 1 1

CO6 2.59 3 3 2 3 1 1 - - - - - 2 1 1

Total PO 18 17 12 13 5 6 7 12 6 6

PO Attainment A 2.28 2.29 2.29 2.31 2.20 2.26 2.28 2.28 2.28 2.28

PO Average 3 2.833333333 2.4 2.6 1.75 2 1 1

POA Based on Average Scale2.2840236692.1604207761.8287968442.001577909 1.328402367 1.5226824460.76134122290.7613412229
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Target attainment levels of POs  and  PSOs 

 

Sl 
No
. 

Levels Performance quality 

1    

PO1,PO2,PO3,PO6,PO7,PSO1,PSO2,PSO3 

Good Stated Outcomes are clear in 

terms of measurable 

knowledge, skills, or behaviors 

2 PO4 Excellent Actions considered are 
focused to meet the course 
outcomes 

3 PO5 Satisfactory Further improvement is 
needed to define the course 
outcome completely. 
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FLOW OVER NOTCHES 
AND WEIRS 
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Introduction

A notch is a device used for

measuring the rate of flow of a liquid through a

small channel or tank . It is an opening in the side of

a measuring tank or reservoir extending above the

free surface.

A weir is a concrete or masonry

structure , placed in an open channel over which the

flow occurs . It is generally in the form of vertical

wall ,With sharp edge at the top.

248



weir

Notch 
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Classification of notches
The notches are classified as:

According to the shape of opening

1. Rectangular notch

2. Triangular notch

3. Trapezoidal notch

4. Stepped notch

According to the effect of the sides on the nappe:

1. Notch with end contraction

2. Notch without end contraction or suppressed  notch 
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Rectangular notch
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Triangular notch
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Trapezoidal notch
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Stepped notch

254



classification of weirs
The weirs are classified as:

➢According to the shape of the opening

1. Rectangular weir

2. Triangular weir

3. Trapezoidal weir
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Rectangular weir
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Trapezoidal weir
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Triangular weir
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Cippoletti weir

259



V – notch weir
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According to the shape of crest :

1. Sharp – crested weir

2. Broad –crested weir

3. Narrow – crested weir

4. Ogee – shaped weir

According to the effect of sides on the emerging 
nappe:

1. Weir with end contraction

2. Weir without end contraction
261



Discharge through a rectangular notch
Consider a sharp edge rectangular notch 

with crest horizontal and normal to direction of 
flow .

262



Let  H = head of water over the crest

L = length of the notch 

consider an elementary horizontal strip of 
water of thickness dh and length L at a depth h 
from the free surface of water.

Area of strip =

Theoretical velocity of water flowing through  

strip =

The discharge through strip

L dh

2gh

2ddQ C Ldh gh=  
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The total discharge , over the whole notch,
may be found by integrating the above equation
with in the limits 0 and H.

( )

0

0

3

2

0

3

2

2

2

2
3

2

2
. . 2

3

H

d

H

d

H

d

d

Q C L gh dh

C L g hdh

h
C L g

C L g H

=   

=  

 
 

=    
 
 

=
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Discharge through triangular notch
Triangular notch is  also called V-notch . The 

expression of discharge is derive
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Let H =head of water above V-notch

=Angle of notch

Consider a horizontal strip of the water
having thickness dh at depth h below the free
surface of water.

We have,

Width of strip=        



( )

tan
2

tan
2

AC AC

OC H h

AC H h





= =
−

 
= −  

 

( )2 2 tan
2

AB AC H h
 

= = −  
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Area of strip=

The theoretical velocity of water through strip

=

Discharge through the strip ,dQ:

( )2 tan
2

H h dh


− 

2gh

( )2 tan 2
2

ddQ C H h dh gh


=  −  

( )2 tan 2
2

ddQ C H h gh dh


= −  
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Total discharge Q,:

( )

( )

0

1

2

0

3 5

2 2

0

5 5

2 2

5

2

5

2

2 tan 2
2

2 tan 2
2

2 tan 2
3 52

2 2

2 2
2 tan 2

2 3 5

4
2 tan 2

2 15

8
tan 2

15 2
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d
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d

d

d

d

Q C H h gh dh

Q C g H h h dh

Hh h
Q C g
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= −  
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For a right angle V-notch , if         =0.6

Discharge Q;

dC

90, tan 1
2


 = =

5

2

5

2

8
0.6 1 2 9.81

15

1.417

Q H

Q H

=     

=
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 Advantages of triangular notch over a 
rectangular notch:

1. The expression for discharge for a right angled
V-notch or weir is very simple.

2. For low discharges a triangular notch gives
more accurate results than rectangular notch.

3. Reasonably stable value of discharge
coefficient over a wide range of operating
condition.

4. Ventilation of triangular notch is not
required.
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Discharge through a stepped notch
A stepped notch is a combination of 

rectangular notches . The  discharge through a 
stepped notch is equal to the sum of the 
discharge through the different rectangular 
notches.
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Consider a stepped notch .

Let H=Height of water above the crest of notch 1,

L1=Length of notch 1,

H2,L2 and H3 , L3 are corresponding values for notches 2 
and 3 respectively.

Coefficient of discharge for all notches
dC =
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Total discharge ,Q=Q1+Q2+Q3

3 3 3 3 3

2 2 2 2 2
1 1 2 2 2 3 3 3

2 2 2
2 2 2

3 3 3
d d dQ C L g H H C L g H H C L g H

   
= − + − +    
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Velocity of approach
The velocity with which the water

approaches or reaches the weir or notch before it
flows over it is known as velocity of approach.

The velocity of approach , Va is
determined by finding the discharge over the
notch or weir neglecting velocity of approach .
Then dividing the discharge by the cross
sectional area of the channel on the upstream
side of the weir or notch , the velocity of
approach is obtained.
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Mathematically,

Discharge over a rectangular  weir , with 
velocity of approach,

a

Q
V

A
=

( )
33
22

1

2
2

3
d a aQ C L g H H H

 
=   + − 
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Cipolletti weir
A cipolletti weir is trapezoidal weir

having side slopes of 1 horizontal to 4 vertical .
By providing slopes on sides , an increase in
discharge through the triangular portion ABC
and DEF is obtained ; without this slope the weir
would be rectangular one and due to end
contraction , the discharge would increase. Thus
in case of cipolletti weir , the factor of end
contraction is not required.
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Cipolletti weir
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The discharge through a rectangular weir with 

two end contraction,

let the slope is given by      .  The discharge 
through a triangular notch of angle    is given by,

( )
3 3

2 2
2 2

2 2 0.2
3 3

d dQ C L g H C g H H=     − 



2



5

2
8

2 tan
15 2

dQ C g H


=   
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➢Discharge through narrow crested weir:

A weir with head more than twice the
crest length. H>2L is known as a narrow crested
weir.

It is similar to a rectangular weir or notch ,
hence ,Q is given by,

3

2
2

2
3

dQ C L g H=    
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➢Discharge through submerged or drowned 
weir:

If the water level or downstream side of 
weir is above the crest , a weir is known as 
submerged or drowned weir.
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Let H=height of water on the upstream of the 
weir

h=height of water on the downstream side of              
the weir

The discharge through upper portion,

and discharge through drowned portion,

 
1

3

2
1

2
2

3
dQ C L g H h=     −

( )
22 2dQ C L h g H h=    −
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 Time of emptying a reservoir or tank with 
rectangular notch:

consider a tank or reservoir of uniform cross 
sectional area A and a rectangular notch 
provided in one of its side.

let l= length of crest of notch

H1 = initial height of liquid above the crest of 
notch

H2= final height of liquid above the crest of 
notch

T= time required form H1 to H2
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The loss of head due to friction in a pipe is called major loss 
while the loss of energy due to change in velocity of flow in 
magnitude or direction is called minor loss of energy.

The minor loss of energy or head includes the following cases:
1. Loss of head due to sudden enlargement.
2. Loss of head At the entrance of pipe.
3. Loss of head At the exit of a pipe.
4. Loss of head Due to obstruction in a pipe.
5. Loss of head Due to bend in pipe.
6. Loss of head In various pipe fittings.
• In case of long pipes, the above losses  are small as 

compared with loss of head due to friction and hence they 
are called minor losses and they can be neglected.

• But in case of short pipes , these losses are comparable 
with the loss of head due to friction.
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1. Loss of head due to sudden enlargement
Consider a liquid flowing through a pipe which has sudden enlargement as shown in 

fig. Consider two sections 1-1 and 2-2 before and after the enlargement.

Due to sudden change in 
diameter of pipe from D1 to D2, the liquid 
following from smaller pipe is not able to follow 
the abrupt change in the boundary. So the flow 
separates from the boundary and turbulent 
eddies are formed due to which loss of energy 
takes place.

Let p’= pressure intensity of liquid eddies on the 
area (A2-A1).

he = loss of head  due to sudden enlargement.
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1

2
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3

4

Substitute (4) in (3), we get :

5

Now the net force acting in the direction of flow should be equal to change in momentum/sec,
Equating (2) =(5) , we get,
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• Substitute (1) in above 
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2. Loss of head due to sudden contraction
• Consider a liquid flowing in a pipe which has a sudden contraction 

in area as shown in fig .

• Consider two sections 1-1 and 2-2 before and after contraction.
• As the liquid flows from larger pipe to smaller pipe, the area of flow 

goes on decreasing and becomes minimum at section C-C. The 
section C-C is called Vena-contracta.

• After section C-C, a sudden enlargement of the area takes place.
• The loss of head due to contraction is actually due to sudden 

enlargement from vena-contracta to smaller pipe. 326



1

2

Substitute (2) in (1), we get,
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3. Loss of head at the entrance of pipe (hi)
• This is the loss of energy that takes place  when a liquid enters a pipe 

connected to a large tank or reservoir.
• This loss is similar to loss of head due to sudden contraction.

4. Loss of head at the exit of pipe.(ho)
This is the loss of energy at outlet of pipe which is dissipated either in form of 

jet (free) .

5. Loss of head due to bend in pipe. (hb)
When there is any bend in pipe , the velocity of flow changes, loss of head is 

given as :

The value of k depends on (i) Angle of bend (ii) Radius of curvature of bend (iii) 
Diameter of pipe.

6. Loss of head in various pipe fittings
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7. Loss of head due to an obstruction in a pipe.
Whenever there is an obstruction in a pipe, the loss of energy 

takes place due to reduction in area of cross section of pipe at 
the place where obstruction is present.

As the liquid flows and passes through section 1-1, a 
venacontracta is formed after section 1-1 ,after that stream 
widens again and becomes uniform . This situation is similar to 
the flow of liquid through sudden enlargement .

Vc = velocity of flow through venacontracta
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Loss of head due to obstruction = loss of head due to enlargement 
from vena-contracta to section 2-2
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FLOW THROUGH SYPHON

When two reservoirs are separated by a hill or high level ground, 
along bent pipe is used to transfer liquid from resrvoir to a higher 
elevation to another reservoir at a lower level.

The point C (highest of syphon) is called summit.
Syphon applications:
1. To carry water from one reservoir to another reservoir separated 

by hill or ridge.
2. To take out liquid from a tank which is not having  any outlet.
3. To empty channel which has no outlet.
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Flow through pipes in series or compound pipes.

(Entrance +friction)+ (entrance +friction+ sudden enlargement) +( friction + exit )
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EQUIVALENT PIPE
• Pipe of uniform diameter having loss of head and discharge equal to loss of head and 

discharge of compound pipe.

• The uniform diameter of the equivalent size of pipe.

• The length of equivalent pipe is equal to sum of lengths of compound pipe.

1

1

2
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Substituting the V in H,
3

Equating (2) and (3),head loss in compound pipe =head loss in equivalent pipe. 

DUPUIT’S EQUATION
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FLOW IN PARALLEL PIPES
• Consider a main pipe which divides into two or more branches and again join

together downstream to form single pip, the branch pipes are said to be connected
in parallel.

• The discharge is increased by connecting pipes in parallel.
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What is Hydraulic Gradient Line?
• The Hydraulic Gradient Line or the Hydraulic Grade Line is defined as a line joining 

all the liquid levels indicated by piezometers(P/γ +Z) connected to the pipeline 
throughout. If HGL is above the center of the pipeline, the pressure is positive and 
HGL is below the center of the pipeline, the pressure is negative.

Total Energy Line (TEL)
• When the velocity head (V²/2g) at a section is added to the piezometric head i.e. 

(P/γ +Z), then the total head (total energy) of fluid at that section is obtained as 
shown in the figure.
Total Energy Line or Energy Grade Line i.e. TEL is defined as a line joining the points 
representing the total head. It means the total energy line represents the sum of 
(P/γ + V²/2g + Z).

• For ideal or non-viscous fluid there are no losses hence TEL for that fluid is a 
horizontal line.

• But for real fluid, it will always slope down in the direction of flow because the 
energy must decrease in the direction of flow. 336

https://www.quora.com/What-is-non-viscous-fluid


337



338



339



340



341



342



343



344



345



346



347



348



349



350



351



352



353



354



355



356



357



358



• Reynolds in 1886 developed an expression for turbulent shear 
stress between two layers of fluid at a small distance apart , which 
is given as ,

u’, v’= fluctuating component of velocity in the direction of x and y due 
to turbulence.

As the components of velocity vary, shear stress also vary. 
Hence to find the shear stress, the time average on both sides of 

equation is given as,

The turbulent shear stress given by the above equation is called 
Reynold’s stress
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• In the above equation,turbulent shear stress can be calculated only if u’and v’are
known.

• But it is difficult to measure u’and v’so Prandtl presented mixing length hypothesis 
which can be used to express turbulent shear stress in measurable quantities.

• He assumed that the velocity fluctuation in x-direction and y-direction  is directly 
related to mixing length ,l,

• Subtituting the above in eqn 1, 

• The above equation represents shear stress in turbulent flow due to prandtl

1
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• From the above equation, the velocity 
distribution can b obtained if relation between 
‘l’ and ý’is known.

• Prandtl assumed linear relationship stating 

l= k y ; k= karman constant =0.4

• On substitution ,
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• Let ‘k’is the average height of the irregularities  
projecting from the surface of boundary as 
shown in figure.

• k = large for a boundary =rough boundary

• k = less = smooth boundary
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• A thin layer of fluid immediate neighbourhood of 
boundary , where viscous shear stress 
predominates is called laminar sub-layer.

• Due to great thickness of laminar sub-layer ,the 
eddies are unable to reach surface and hence 
boundary behaves as smooth boundary called 
hydrodynamically smooth boundary.
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• If  Re of the flow is increased then thickness of 
laminar sub-layer will decrease.

• If the thickness of the laminar sub-layer becomes 
much smaller than the average height ‘k’ of 
irregularities of surface, boundary acts as rough.

• This is because the irregularities of surface are 
above the laminar sub-layer and eddies present 
in turbulent zone will come in contact with 
irregularities of surface and lot of energy is lost. 
Such a boundary is called hydrodynamically rough 
boundary.
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• The velocity distribution for turbulent flow in smooth or rough pipe is given 
as

• At y=0, velocity ,u = (-∞)at the wall. So at some finite distance from wall 
velocity will b zero. Assume that distance as y’ from pipe wall.

• At y=y’, u=0 . Hence,

•
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• In case of rough boundaries , the thickness of laminar 
sub-layer  is very small.

• The surface irregularities are above the laminar sub-
layer and hence the laminar sub-layer is completely 
destroyed .

• Nikuradse’s experiments show that the value of y’for
pipes coated with uniform sand(rough pipes ) as 
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