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UNIT I

Chapter 1 : Properties of Fluid 1-1to 1-24

Definition of fluid, concept of continuum, density,
specific weight, specific gravity, viscosity, viscosity laws,
types of fluid and rheology, measurement of viscosity,
application based numerical on viscosity-flow through
pipe, lubrication, bearing, brake fluids, parallel plates,
rotating shafts etc, vapor pressure surface tension,

capillarity, compressibility.

1.14 Surface Tension and Capillarity.......ccoeseunesienes 1-14
1.14.1  Surface Tension (o) 1-14
1.14.2  Capillarity 1-15
1.15 Solved Examples 1-16
Chapter 2 : Fluid Statics 2-1 to 2-51

1.1 Introduction 1-1
1.2 Development and Scope of Fluid Mechanics.....1-2
1.3 Fluid Continuum 1-2
1.4 Units of Measurements 1-2
1.4.1 SI Units (System International d’units) ... 1-3
1.4.2 Conversion Factors 1-4
1.5 Mass Density (p) 1-4
1.6 Specific Weight (y) 1-5
1.7 Specific Volume (v) 1-5
1.8 Specific Gravity (s) 1-5
1.9 Viscosity 1-5
19.1 Newton’s law of viscosity 1-5
1.9.2 Definition of Viscosity and its Variation

with Pressure and Temperature. ... 1-7
1.9.3 Units and Dimensions of Dynamic

and Kinematic Viscosities 1-7
1.9.4 Newtonian and Non- Newtonian Fluids

(Rheological Definitions of Fluids) .......ccweereceereaee 1-8
1.10 Measurement of Viscosity 1-8
1.10.1  Coaxial or Rotating Cylinder Viscometer..........c.u.. 1-9
1.10.2  Capillary Tube Viscometer 1-9
1.10.3  Falling Sphere Viscometer 1-10

1.11 Lubrication Mechanics and Brake Fluids........ 1-11

1.12 Vapour Pressure 1-12
1.12.1  Cavitation 1-12
1.13 Compressibility and ElastiCity .......commsesseiens 1-13

Laws of fluid statics : forces acting on fluid element,
Pascal's law, hydrostatics law, hydraulic ram

Pressure measurement : pressure scale, piezometer,
barometer, manometer - simple, inclined, differential,
micro manometer, inverted.

Forces acting on surfaces immersed in fluid : total
pressure and center of pressure on submerged plane

surfaces, curved surface submerged in liquid including

numerical on dam, gate.

Buoyancy : flotation, stability of bodies.

2.1 Fluid Pressure and its Measurement.........cuuuuuns 2-1
211 Static Fluid Pressure at a Point .....cnnceennnn: 2-1
2.1.2 Basic Equation of Fluid Statics

(forces acting on fluid element).....ccecneeesmerernsneceenns 2-1
2.1.3 Pressure variation in Incompressible Fluid

(Hydrostatics Law) 2-2
2.1.4 Pascal’s Law 2-3
2.1.5 Atmospheric, Absolute, Gauge and

Vacuum Pressure - Pressure Scale.....m 2-4
2.1.6 Measurement of pressure 2-4
2.1.6.1 Piezometer 2-5
2.1.6.2 U-tube Manometer 2-5
2.1.6.4 Inverted U-tube Manometer 2-8
2.1.6.5 U-tube Differential Manometer ... 2-9
2.1.6.6 Micro-Manometer 2-9
2.1.6.7 Mechanical Gauges 2-10
2.1.7 Solved Examples 2-10
2.2 Hydrostatic Pressure Force on Plane

and Curved Surfaces 2-15
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2.2.1 Horizontal Plane Surfaces 2-16
2.2.2 Inclined Plane Surface 2-16
2.2.3 Moment of Inertia & Geometric

Properties of Plane Surfaces 2-18
2.2.4 Pressure Diagram 2-19
2.2.5 Curved Surfaces 2-20
2.2.6 Hoop (Tensile) Stress in a Pipe ...cccumeernnseeenns 2-21
2.2.7 Engineering Applications of Hydrostatic

Pressure (Dam and Gate) 2-21
2.2.71 Dams 2-21
2.2.7.2  Spillway and Sluice Gate 2-21
2.2.8 Solved Examples 2-22
2.3 Buoyancy and Floatation 2-40
2.3.1 Buoyant Force (Archimedes’s Principle)

and Floation 2-40
2.3.2 Metacentre and Metacentric Height................... 2-41
2.3.3 Stability of Submerged and Floating Bodies 2-42
234 Solved Examples 2-43
> Model Question Paper (In Sem.) ............. M-1 to M-2
Chapter 3: Fluid Kinematics 3-1 to 3-25

Flow description methods, types of flows, velocity and
acceleration fields, continuity equation in 1D & 3D flow,
flow visualization (path line, stream line and streak line),
stream tube, angularity, vorticity, stream function and

velocity potential function, flow net.

31

3.2

3.3

3.31

332

3.33

334

335

Methods of Describing Fluid Motion ..........

Velocity of Fluid Particle

3-1

3-2

Types of Flow.

Steady and Unsteady Flow

3-2

Uniform and Non-uniform Flow .......ccccevevermnenn.
One, Two, Three-dimensional Flow ........c.......

Rotational and Irrotational Flow.......ccccuervnenee.

Laminar and Turbulent Flow

........... 3-2

........... 3-2

........... 3-3

3-3

3.3.6 Compressible and Incompressible Fluid Flow......... 3-3
3.3.7 Critical, Sub Critical and Supercritical Flows............ 3-3
34 Description of Flow Pattern

(Flow Visualization) 3-4
34.1 Stream Line 3-4
3.4.2 Stream Tube 3-4
343 Path Line 3-4
3.4.4 Streak Line 3-4
3.5 Acceleration of a Fluid Particle.......ccouusumiininnnns 3-5
3.5.1 Acceleration in Three Dimensional Flow..........cc...... 3-5
3.5.2 Acceleration in One Dimensional Flow ... 3-5
3.6 Basic Principles of Fluid Flow.......cccuecisninsssssnnans 3-6
3.7 Concepts of System and Control Volume............ 3-6
3.8 Continuity Equation 3-6
3.8.1 Continuity Equation for Three Dimensional

Flow in Cartesian Coordinates 3-7
3.8.2 Continuity Equation for One Dimensional Flow ..... 3-8
3.9 Rotational and Irrotational Motions.........cceuuueee 3-9
3.10 Circulation (I') and Vorticity (E)) ........................ 3-10
3.11 Velocity Potential 3-10
3.12 Stream Function 3-11
3.13 Streamlines, Equipotential

lines and Flow Net 3-11
3.13.1 Methods of Drawing Flow Net 3-12
3.13.2  Uses and Limitations of Flow Net ....cccccumrcssssenns 3-12
3.14 Solved Examples 3-13

Chapter 4 :

UNIT IV

Fluid Dynamics 4-1 to 4-33

Euler's equation of motion differential form and Navier
Stokes equation, Euler's equation of motion along
streamline Bernoulli's theorem and modified Bernoulli's
theorem, stagnation pressure, HGL, TEL

Flow measurement : Venturimeter, orifice meter, pitot
tubes, static pitot tube, introduction to coriolis flow
meter, introduction to orifices, notches and weirs.
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4.1 Forces Acting on Fluid in Motion and 5.4 Steady and Uniform Laminar Flow
Equations of Motion 4-1 between Fixed Parallel Plates
. . and Couette Flow 5-5
4.2 Introduction to Navier-Stokes
Equation of Motion 4-2 5.5 Velocity Profile of Turbulent Flow .........ccceuuc.... 5-8
4.3 Euler’s Equation of Motion for Three 551 Smooth Pipes 5-8
Dimensional Flow 4-2 5.5.2 Rough Pipes 5-9
4.4 Integration of Euler’s Equation to Obtain 5.5.3  Velocity Distribution in terms of
Bernoulli’s Equation 4-3 Mean Velocity 5-9
4.5 Euler’s Equation along a Streamline ..........c.ceeuea. 4-4 5.6 Solved Examples 59
4.6 Significance of Each Term of Bernoulli’s UNIT IV
Equation and Assumptions 4-5 Chapter 6 : Internal Flows - Flow Through Pipes
4.7 Modified Bernoulli’s Theorem ........ccessenn: 4-6 6-1 to 6-21
4.8 Total E Line (TEL) and Hydrauli . .
otal Energy Line (TEL) and Hydraulic Internal Flow : Losses - major & minor losses, hydro
Gradient Line (HGL) 4-7 ) )
dynamically smooth and rough boundaries, Moody's
4.9 Kinetic Energy Correction Factor ... 4-7 chart, compounding of pipes & equivalent pipe, siphons,
4.10 Fluid Power 4-8 transmission of power.
411 Flow Measurement : Practical Applications of
. . 6.1 Internal and External Flows and
Bernoulli’s Equation 4-8
Introduction to Pipe Flow 6-1
411.1 Venturimeter 4-8
6.2 Energy losses through pipes.......cunnn. 6-1
4.11.2  Orifice Meter 4-11 &y ghpip
4113  Pitot Tube, Pitot-static Tube, 6.2.1 Major Energy Loss (Frictional Loss, hf) ..cconeeeeennnn. 6-1
Stagnation Pressure 4-12 6.2.2 Minor Energy Losses 6-2
4114 Introduction to Coriolis Flow Meter ... 4-13
6.3 Hydrodynamically Smooth
4.11.5 Introduction to Orifices 4-13 and Rough Boundaries 6-5
4.11.6 Introduction to Notches and Weirs........ccceuweeersrnenes 4-15
6.4 Moody’s Chart 6-6
4.12 Solved Examples 4-18
6.5 Concept of Equivalent Length
Chapter 5: LAMINAR FLOW 5-1 to 5-17 )
of a Minor Loss 6-7
Laminar flow : Entrance region theory, velocity and Shear 6.6 Pipes in Series 6-7
Stress distribution for laminar flow through pipe, fixed
. . 6.6.1 Pipes in Parallel 6-7
parallel plates and Couette flow, velocity profile of
turbulent flow. 6.7 Equivalent Pipes - compounding of pipes......... 6-7
5.1 Introduction 5-1 6.8 Flow Through Long Pipe (between Two
5.2 Critical Reynolds Number and Entrance Reservoirs and from a Single Reservoir)........... 6-8
Region Theory 5-1
6.9 Siphon 6-9
5.3 Velocity and Shear Stress Distribution for
Laminar Flow through Pipe and 6.10 Pipeline with a Pump or Turbine.........ccccouuunuc. 6-9
Hagen-Poiseuille Equation 5-2
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6.11 Hydraulic Power Transmission

through Pipe 6-10
6.12 Solved Examples 6-10
Chapter 7 : External Flow 7-1to 7-18

UNIT VI

External Flow : Boundary layer formation over a flat
plate, boundary layer thickness, displacement thickness,
momentum thickness and energy thickness, boundary
layer separation and methods to control separation, drag

and lift concepts, types of drag, drag & lift coefficients,

Chapter 8 : Dimensional Analysis and Similitude
8-1 to 8-24
Dimensional Analysis Introduction, system of

dimensions, Dimensional homogeneity, Buckingham-Pi
Theorem, repeating variables, dimensionless numbers

and their physical significance.

Similitude and Model Testing : Model and prototype,

similarity, scaling parameters, model laws, objectives,

importance and application of model studies.

aerofoil, bluff body, streamline body.

7.1 Boundary Layer Theory 7-1
7.1.1 Introduction 7-1
7.1.2 Concept of Boundary Layer 7-1
7.13 Thicknesses of Boundary Layer ......emeeens 7-2
7.1.3.1 Nominal Thickness (5) 7-2
7.1.3.2 Displacement Thickness (5*) 7-2
7.1.3.3 Momentum Thickness (0) 7-3
7.1.3.4 Energy Thickness (dg) 7-4
7.1.4 Boundary Layer along a long, thin, Smooth

Flat Plate and its characteristics ... 7-4
7.1.5 Separation of Boundary Layer 7-6
7.1.6 Methods of Controlling Separation......... 7-7
7.1.7 Solved Examples 7-8
7.2 Drag and Lift 7-11
7.2.1 Introduction & Basic CONCEPLS ....couweermeeermrereersnns 7-11
7.2.2 Types of Drag and Bluff & Streamline bodies 7-11
7.2.3 Expressions for Drag & Lift and Drag

and Lift Coefficients 7-13
7.2.4 Airfoil and Polar Diagram 7-14
7.2.5 Solved Examples 7-15

8.1 Introduction 8-1
8.1.1 Applications of Dimensional Analysis.......cees 8-1
8.2 System of Dimensions 8-1
8.3 Common Variables in Fluid Flow and

their Units and Dimensions 8-1
8.4 Dimensional Homogeneity

(Fourier’s Principle) 8-3
8.5 Methods of Dimensional Analysis ... 8-3
8.5.1 Buckingham Pi () Theorem 8-3
8.5.1.1 Procedure of Buckingham Pi (1) theorem................ 8-4
8.5.1.2 Superfluous and Omitted Variables and

Limitation of Dimensional Analysis ... 8-4
8.6 Model Studies : Objectives,

Importance and Application ... 8-4
8.7 Similitudes and Scaling Parameters .........c.cuuuceu. 8-5
8.7.1 Geometric Similarity 8-5
8.7.2 Kinematic Similarity 8-5
8.7.3 Dynamic Similarity 8-5
8.8 Dimensionless Numbers and their

physical significance and Model Laws................. 8-6
8.8.1 Reynolds Number and Reynolds Model Law............ 8-6
8.8.2 Froude Number and Froude’s Model Law................. 8-7
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