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(Approved by AICTE, Affiliated to APJ Abdul Kalam Technological University, Kerala) 

 

DEPARTMENT OF MECHATRONICS ENGINEERING 

COURSE MATERIALS 

 

ME 200 FLUID MECHANICS AND MACHINERY 

 

VISION OF THE INSTITUTION 

 

 

To mould true citizens who are millennium leaders and catalysts of change through excellence 

in education. 

 

  

MISSION OF THE INSTITUTION 

 

 

NCERC is committed to transform itself into a center of excellence in Learning and Research 

in Engineering and Frontier Technology and to impart quality education to mould technically 

competent citizens with moral integrity, social commitment and ethical values. 

  

We intend to facilitate our students to assimilate the latest technological know-how and to 

imbibe discipline, culture and spiritually, and to mould them in to technological giants, 

dedicated research scientists and intellectual leaders of the country who can spread the beams 

of light and happiness among the poor and the underprivileged. 

 

ABOUT DEPARTMENT 
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 Established in: 2013 

 Course offered: B.Tech Mechatronics Engineering 

 Approved by AICTE New Delhi and Accredited by NAAC 

 Affiliated to the University of Dr. A P J Abdul Kalam Technological University. 

 

DEPARTMENT VISION 

To develop professionally ethical and socially responsible Mechatronics engineers to serve the 

humanity through quality professional education. 

 

DEPARTMENT MISSION 

1) The department is committed to impart the right blend of knowledge and quality education 

to create professionally ethical and socially responsible graduates. 

2) The department is committed to impart the awareness to meet the current challenges in 

technology. 

3) Establish state-of-the-art laboratories to promote practical knowledge of mechatronics to 

meet the needs of the society 

 

PROGRAMME EDUCATIONAL OBJECTIVES 

I. Graduates shall have the ability to work in multidisciplinary environment with good 

professional and commitment. 

II. Graduates shall have the ability to solve the complex engineering problems by applying 

electrical, mechanical, electronics and computer knowledge and engage in lifelong learning in their 

profession. 

III. Graduates shall have the ability to lead and contribute in a team with entrepreneur skills, 

professional, social and ethical responsibilities. 

IV.     Graduates shall have ability to acquire scientific and engineering fundamentals necessary 

for higher studies and research. 
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PROGRAM OUTCOME (PO’S) 

Engineering Graduates will be able to: 

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

fundamentals, and an engineering specialization to the solution of complex engineering problems. 

PO 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. 

PO 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. 

PO 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. 

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

modern engineering and IT tools including prediction and modeling to complex engineering 

activities with an understanding of the limitations. 

PO 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. 

PO 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. 

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

norms of the engineering practice. 
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PO 9. Individual and team work: Function effectively as an individual, and as a member or 

leader in diverse teams, and in multidisciplinary settings. 

PO 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. 

PO 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. 

PO 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 OUTCOME(PSO’S) 

 

PSO 1: Design and develop Mechatronics systems to solve the complex engineering problem by 

integrating electronics, mechanical and control systems. 

PSO 2: Apply the engineering knowledge to conduct investigations of complex engineering 

problem related to instrumentation, control, automation, robotics and provide solutions. 
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COURSE OUTCOME 

After the completion of the course the student will be able to 

CO 1 Understand the fundamental concepts related to mechanics of fluids 

CO 2 Develop the knowledge on pressure & its measurements 

CO 3 Analyze about basic fluid equations 

CO 4 Acquire knowledge on flow measuring instruments 

CO 5 Interpret principles of fluid machines and devices.  

CO 6 Analyze existing fluid systems and to apply acquired knowledge on real life 

problems.  

 

 

CO VS PO’S AND PSO’S MAPPING 

CO PO1 PO

2 

PO3 PO

4 

PO5 PO6 PO7 PO8 PO9 PO10 PO11 PO12 PS0

1 

PSO

2 

CO 1 3 2 3 2 2 - - - - - - 3 1 1 

CO 2 3 3 3 2 2 - - - - - - 3 1 2 

CO 3 3 3 3 3 2 - - - - - - 3 1 2 

CO 4 3 3 3 3 2 - - - - - - 3 2 2 

CO 5 3 3 3 3 3 - - - - - - 3 2 2 

CO 6 3 3 3 3 3 - - - - - - 3 2 2 

 

Note: H-Highly correlated=3, M-Medium correlated=2, L-Less correlated=1 
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SYLLABUS 

Course 

Number 
Course Name 

L-T-P- 
Credits 

Year of Introduction 

ME200 Fluid mechanics and Machinery 3-1-0-4 2016 

Prerequisite : Nil 

Course Objectives: 
 

 To introduce students, the fundamental concepts related to the mechanics of fluids.

 To understand the basic principles of fluid machines and devices.

 To apply acquired knowledge on real life problems.
 To analyze existing fluid systems and design new fluid systems.

Syllabus 

Fundamental Concepts, fluid statics and dynamics, fluid kinematics, boundary layer theory, 

hydraulic turbines, positive displacement pumps, rotary motion of liquids, centrifugal pump, 

pumping devices. 

Expected Outcome 
 

Up on completion of course the students might be in a position to: 

 

i. Analyze flow problems associated with statics, kinematics and dynamics of fluids. 

ii. Design and analyze fluid devices such as water turbines and pumps. 
iii. Understand and rectify problems faced in practical cases of engineering applications. 

Text Book: 

1. Modi P. N. and S. M. Seth, Hydraulics & Fluid Mechanics, S.B.H Publishers, 

New Delhi,  2002. 

2. Kumar D. S., Fluid Mechanics and Fluid Power Engineering, S. K. Kataria & 

Sons, New Delhi, 1998. 

References: 

1. J. F. Douglas, “Fluid Mechanics”, Pearson education. 
2. Cengel Y. A. and J. M. Cimbala, Fluid Mechanics, Tata McGraw Hill, 2013 

3. Robert W. Fox and Mc Donald, “Introduction to fluid dynamics”, John Wiley and sons 

4. K. Subrahmanya, “Theory and applications of fluid mechanics”, (TMH) 

5. Shames. I. H, “Mechanics of fluids”. 

6. Jagadish Lal, “Fluid mechanics and Hydraulic machines”. 

7. R K Bansal, “Hydraulic Machines” 

Course Plan 

Module Contents Hours 
Sem. exam 

marks 
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I 

Fundamental concepts: Properties of fluid - density, specific 

weight, viscosity, surface tension, capillarity, vapour pressure, 

bulk modulus, compressibility, velocity, rate of shear strain, 

Newton’s law of viscosity, Newtonian and non-Newtonian 

fluids, real and ideal fluids, incompressible and compressible 

fluids. 

 

 
6 

 

 
15% 

 

 

II 

Fluid statics: Atmospheric pressure, gauge pressure and 

absolute pressure. Pascal’s Law, measurement of pressure - 

piezo meter, manometers, pressure gauges, energies in flowing 

fluid, head - pressure, dynamic, static and total head, forces on 

planar and curved surfaces immersed in fluids, centre of 

pressure, 

buoyancy, equilibrium of floating bodies, metacentre and 

metacentric height. 

 

 

10 

 

 

15% 

First Internal Exam 

 

 

 

 
III 

Fluid kinematics and dynamics: Classification of flow -1D, 

2D and 3D flow, steady, unsteady, uniform, non-uniform, 

rotational, irrotational, laminar and turbulent flow, path line, 

streak line and stream line. 

Continuity equation, Euler’s equation, Bernoulli’s equation. 

Reynolds experiment, Reynold’s number. Hagen- Poiseuille 

equation, head loss due to friction, friction, Darcy- Weisbach 

equation, Chezy’s formula, compounding pipes, branching of 

pipes, siphon effect, water hammer transmission of power 

through pipes (simple problems) 

 

 

 

 
8 

 

 

 

 
15% 

 

 

IV 

Boundary layer theory: Basic concepts, laminar and turbulent 

boundary layer, displacement, momentum, energy thickness, 

drag and lift, separation of boundary layer. 

Flow rate measurements- venturi and orifice meters, notches 

and weirs (description only for notches, weirs and meters), 

practical applications, velocity measurements- Pitot tube and 

Pitot –static tube. 

 

 

10 

 

 

15% 

Second Internal Exam 

 

 

 
V 

Hydraulic turbines : Impact of jets on vanes - flat, curved, 

stationary and moving vanes - radial flow over vanes. Impulse and 
Reaction Turbines – Pelton Wheel constructional features 

- speed ratio, jet ratio & work done , losses and efficiencies, 

inward and outward flow reaction turbines- Francis turbine 

constructional features, work done and efficiencies – axial flow 

turbine (Kaplan) constructional features, work done and 
efficiencies, draft tubes, surge tanks, cavitation in turbines. 

 

 

 
10 

 

 

 
20% 
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VI 

Positive displacement pumps: reciprocating pump, indicator 

diagram, air vessels and their purposes, slip, negative slip and 

work required and efficiency, effect of acceleration and 

friction on indicator diagram (no derivations), multi cylinder 

pumps. 

Rotary motion of liquids: – free, forced and spiral vortex 

flows, (no derivations), centrifugal pump, working principle, 

impeller, casings, manometric head, work, efficiency and 

losses, priming, specific speed, multistage pumps, selection of 

pumps, pump characteristics. 

 

 

 

 

 
10 

 

 

 

 

 
20% 

End Semester Exam 

 

 

QUESTION BANK 

 

 

MODULE I 

 

Q:NO: 

 

QUESTIONS 

 

CO 

 

KL 

 

PAGE NO: 

1 Define the following properties 1) density 2) weight 

density 3)specific volume and 4) specific gravity of 

a fluid 

CO1 K2 14 

2 Differentiate between  1) liquid and gases 2) real 

fluids and ideal fluids. 

CO1 K2 14 

3 What is the difference between dynamic viscosity 

and kinematic viscosity? 

CO1 K2 15 

4 Explain the term dynamic viscosity and kinematic 

viscosity. 

CO1 K2 15 

5 State the Newtons low of viscosity and gives 

examples of its application. 

CO1 K2 15 
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6 Define Newtonian and Non-Newtonian fluids. CO1 K2 16 

7 What you understand by the terms isothermal 

process and adiabatic process? 

CO1 K2 16 

8  Convert 1kg/s-m dynamic viscosity in poise CO1 K4 19 

9 One litre crude oil weights 9.6 N. Calculate its 

specific weight, density and specific gravity 

CO1 K4 19 

10 How does viscosity of a fluid vary with 

temperature? 

CO1 K3 18 

11 A plate 0.025 mm distance from a fixed plate, 

moves at 50 cm/s and require a force of 1.471 N/m2 

to maintain this speed. Determine the fluid 

viscosity between the plate in the poise.  

CO1 K4 20 

 

MODULE II 

1 Define pressure.  Obtain an expression for the 

pressure intensity at a point in a fluid. 

CO2 K2 26 

2 State and prove Pascals law. CO2 K2 30 

3 What do you understand by hydrostatic law? CO2 K2 31 

4 Differentiate between absolute and gauge pressure. CO2 K3 28 

5 Differentiate between simple manometer and 

differential manometer. 

CO2 K3 33 

6 What you mean by vacuum pressure? CO2 K2 28 

7 What is a manometer? How are they classified? CO2 K2 33 

8 What do you mean by single column manometer CO2 K2 34 

9 What is difference between U- tube differential 

manometer and in verted U- tube differential 

manometer? 

CO2 K2 35 
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10 A hydraulic press has a ram of 30 cm diameter and 

a plunger of 5 cm diameter. Find the weight lifted 

by the hydraulic press when the force applied to the 

plunger is 400 N 

CO2 K4 35 

11 Determine the gauge and absolute pressure at the 

point which is 2.0 m below the free surface of 

water. Take atmospheric pressure as 10.1045 N/cm2 

CO2 K4 35 

 

MODULE III 

1 What are the methods of describing fluid flow? CO3 K2 44 

2 Distinguish between 1) steady flow and unsteady 

flow 2) uniform and non-uniform flow. 

CO3 K3 46 

3 Explain the types of fluid flow. CO3 K2 45 

4 Define the equations of continuity. Obtain an 

expression for continuity equation for a three 

dimensional flow  

CO3 K3 51 

5 Define the terms 1) velocity potential function 2) 

stream function  

CO3 K2 47 

6 Define the terms 1) vortex flow 2) forced vortex 

flow 3) free vortex flow 

CO3 K2 46 

7 The diameter of a pipe at the section 1 and 2 are 15 

cm and 20 cm respectively. Find the discharge 

through the pipe if the velocity of water at section 1 

is 4 m/s. determine also velocity at section 2. 

CO3 K4 54 

8 What is Euler’s equation of motion? How will you 

obtain Bernoulli’s equation from it? 

CO3 K2 60 

9 State Bernoulli’s theorem for steady flow of 

incompressible fluid. Derive an expression for 

Bernoulli’s theorem from first principle. 

CO3 K4 61 
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10 Derive Bernoulli’s equation for the flow of an 

incompressible frictionless fluid from consideration 

of momentum. 

CO3 K2 61 

 

MODULE IV 

1 What is a venturimeter? Derive an expression for 

the discharge through a venturimeter. 

CO4 K2 82 

2 Explain the principle of venturimeter with neat 

sketch. 

CO4 K1 82 

3 Discuss the relative merits and demerits of 

venturimeter with respect to orifice meter. 

CO4 K2 83 

4 What is a pitot tube? How will you determine the 

velocity at any point with the help of pitot tube? 

CO4 K2 79 

5 What is the difference between the pitot tube and 

pitot static tube? 

CO4 K2 79 

6 Define the term notch, weir ? CO4 K2 84 

7 How are the notch and weir classified? CO4 K3 84 

8 What are the advantages of triangular notch over 

rectangular notch? 

CO4 K2 84 

9 What do you understand by the terms boundary 

layer and boundary layer theory? 

CO4 K2 69 

10 Obtain an expression for the boundary shear stress 

in terms of momentum thickness. 

CO4 K2 72 

 

MODULE V 

1 Define the hydraulic turbine. CO5 K2 88 

2 Differentiate between turbines and pumps CO5 K3 88 
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3 How will you classify the turbines? CO5 K3 89 

4 Differentiate between impulse and reaction 

turbines. 

CO5 K3 89 

5 Differentiate between radial and axial flow turbines. CO5 K3 97 

6 Differentiate between inward and outward flow 

radial flow turbine. 

CO5 K3 93 

7 Explain the working of Kaplan turbine with neat 

fig. 

CO5 K2 98 

8 Explain the working of Francis turbine with neat 

fig. 

CO5 K2 94 

9 What is the basis of selection of a turbine at a 

particular place? 

CO5 K2 89 

10 Draw the neat sketches of pelton wheel and Francis 

turbine. 

CO5 K2 91 

11 What is a draft tube? what are its functions? CO5 K2 96 

MODULE VI 

1 What is a reciprocating pump? Describe the 

principle and working of reciprocating pump with 

neat fig. 

CO6 K2 101 

2 Differentiate between a single acting and double 

acting reciprocating pump. 

CO6 K3 101 

3 Define slip, pressure slip and negative slip of 

reciprocating pump. 

CO6 K2 105 

4 How will you classify the reciprocating pump? CO6 K2 102 

5 Define indicator diagram. Draw an indicator 

diagram. 

CO6 K2 106 

6 Define a centrifugal pump. Explain the working of 

a single stage centrifugal pump with neat fig. 

CO6 K2 108 
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7 Differentiate between volute casing and vortex 

casing. 

CO6 K3 109 

8 Define the terms suction head and delivery head. CO6 K2 109 

9 Classify efficiencies of a centrifugal pump. CO6 K3 110 

10 What is priming? Why is it necessary? CO6 K2 109 

11 Define cavitation? What are the effects of 

cavitation? 

CO6 K2 112 

 

 

 

 

APPENDIX 1 

 

CONTENT BEYOND THE SYLLABUS 

S:NO; TOPIC PAGE NO: 

1 BAROMETER 28 

2 CONCEPT OF STREAM FUNCTION           50 

3 FORMS OF ENERGY ENCOUNTERED  IN FLUID FLOW 57 
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MODULE 2 

FLUID STATICS 
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MODULE 3 

FLUID KINEMATICS AND DYNAMICS 
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MODULE 4 

BOUNDARY LAYER THEORY 
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Flow Measurements 
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