
Publications

MECHANICAL
ENGINEERING

Fluid Mechanics and 
Hydraulic Machines

Comprehensive Theory  
with Solved Examples and Practice Questions

www.madeeasypublications.org



Fluid Mechanics and
Hydraulic Machines

Copyright © by MADE EASY Publications Pvt. Ltd.

All rights are reserved. No part of this publication may be 

reproduced, stored in or introduced into a retrieval system, or 

transmitted in any form or by any means (electronic, mechanical, 

photo-copying, recording or otherwise), without the prior written 

permission of the above mentioned publisher of this book.

MADE EASY Publications Pvt. Ltd. has taken due care 

in collecting the data and providing the solutions, before 

publishing this book. Inspite of this, if any inaccuracy or 

printing error occurs then MADE EASY Publications Pvt. 

Ltd.  owes no responsibility. We will be grateful if you could 

point out any such error. Your suggestions will be appreciated.

MADE EASY Publications Pvt. Ltd.
Corporate Office: 44-A/4, Kalu Sarai (Near Hauz Khas Metro

Station), New Delhi-110016 | Ph. : 9021300500

Email : infomep@madeeasy.in | Web : www.madeeasypublications.org

Publications

ED
IT

IO
N

S

First Edition : 2015

Second Edition : 2016

Third Edition : 2017

Fourth Edition : 2018

Fifth Edition : 2019

Sixth Edition : 2020

Seventh Edition : 2021

Eighth Edition : 2022

Ninth Edition : 2023



CHAPTER 1

Fluid Properties ............................................01-29
1.1 Introduction ................................................................................ 1

1.2 Fluid Mechanics ......................................................................... 1

1.3 Fluid as a Continuum ............................................................... 2

1.4 Fluid Properties .......................................................................... 2

1.5 Viscosity  ....................................................................................... 4

1.6 Surface Tension ........................................................................10

1.7 Applications of Surface Tension .........................................12

1.8 Vapour Pressure .......................................................................17

1.9 Cavitation ...................................................................................17

1.10 Compressibility and Elasticity .............................................18

 Objective Brain Teasers ...........................................................23

 Conventional Brain Teasers ....................................................27

CHAPTER 2

Fluid Pressure & its Measurement ............ 30-53
2.1 Introduction ..............................................................................30

2.2 Pressure at a Point in a Fluid ................................................30

2.3 Different Types of Pressure ...................................................32

2.4 Variation of Pressure in Vertical Direction 
 (For fluid at Rest) ......................................................................32

2.5 Pressure Head ...........................................................................34

2.6 Pressure Measurement Devices .........................................35

2.7 Simple Manometers ...............................................................36

2.8 Differential Manometers .......................................................40

2.9 Mechanical Gauge ..................................................................43

 Objective Brain Teasers ............................................................44

 Conventional Brain Teasers ....................................................49

CHAPTER 3

Hydrostatic Forces on Surfaces .................54-80
3.1 Introduction ..............................................................................54

3.2 Total Hydrostatic Force on a Plane Surface ....................54

3.3 Pressure Diagram or Prism ...................................................62

3.4 Total Hydrostatic Force on Curved Surface ....................63

 Objective Brain Teasers ............................................................67

 Conventional Brain Teasers ....................................................73

CHAPTER 4

Buoyancy and Floatation...........................81-104
4.1 Introduction ..............................................................................81

4.2 Buoyant Force ...........................................................................81

4.3 Metacentre and Metacentric Height ................................84

4.4 Determination of Metacentric Height..............................84

4.5 Stability of Submerged and Floating Bodies .................86

4.6 Metacentric Height for Floating Bodies Containing 

Liquid ...........................................................................................91

4.7 Time Period of Transverse Oscillation of a Floating 

Body .............................................................................................92

4.8 Rolling and Pitching ...............................................................93

 Objective Brain Teasers ............................................................95

 Conventional Brain Teasers ................................................. 100

CHAPTER 5

Liquids in Rigid Body Motion ................ 105-130
5.1 Introduction ........................................................................... 105

5.2 Rigid Translation Motion .................................................... 105

5.3 Rigid Rotational Motion ..................................................... 117

 Objective Brain Teasers ......................................................... 123

 Conventional Brain Teasers ................................................. 127

iii

Fluid Mechanics and Hydraulic Machines



CHAPTER 6

Fluid Kinematics .......................................131-175
6.1 Introduction ........................................................................... 131

6.2 Types of Fluid Flow............................................................... 132

6.3 Description of Flow Pattern .............................................. 137

6.4  Continuity Equation ............................................................ 140

6.5  Acceleration of a Fluid Particle ........................................ 144

6.6 Types of motion or Deformation of fluid elements .. 149

6.7  Circulation and Vorticity..................................................... 152

6.8  Velocity Potential .................................................................. 154

6.9  Stream Function .................................................................... 156

6.10 Streamlines, Equipotential Lines and Flow Net ......... 159 

Objective Brain Teasers ......................................................... 164

 Conventional Brain Teasers ................................................. 171

CHAPTER 7

Fluid Dynamics .........................................176-232
7.1 Introduction ........................................................................... 176

7.2 Forces Acting on Fluid in Motion .................................... 176

7.3 Euler’s Equation of Motion along the Streamline ..... 177

7.4 Bernoulli’s Equation of Motion along the Streamline 178

7.5 Analysis of Bernoulli’s Equation....................................... 179

7.6 Bernoulli’s Equation as Energy Equation...................... 180

7.7 Kinetic Energy Correction Factor .................................... 183

7.8 Applications of Bernoulli’s Equation .............................. 184

7.9 Free Liquid Jet ........................................................................ 197

7.10 Vortex Motion ........................................................................ 200

7.11 Impulse Momentum Equation ........................................ 208

7.12 Moment of Momentum equation .................................. 213

 Objective Brain Teasers ......................................................... 217

 Conventional Brain Teasers ................................................. 227

CHAPTER 8

Flow Measurement ...................................233-270
8.1 Introduction ........................................................................... 233

8.2 Orifice ........................................................................................ 233

8.3 Sharp Edged Orifice Discharging Free .......................... 234

8.4 Hydraulic coefficients .......................................................... 235

8.5 Experimental determination of Hydraulic 

Coefficient ............................................................................. 236

8.6 Flow Through Large Vertical Orifice ............................... 239

8.7 Flow Through Submerged (or Drowned) Orifice ...... 241

8.8 Mouthpiece ............................................................................ 242

8.9 Notches and Weirs ................................................................ 248

8.10 Flow over a Rectangular Sharp-Crested Weir or 

Notch ........................................................................................ 249

8.11 Flow over a Triangular Weir (V- weir) or Triangular 

Notch (V-notch) ..................................................................... 250

8.12 Flow over a Trapezoidal Weir or Notch ......................... 251

8.13 Discharge Over a Stepped Notch or Weir .................... 252

8.14 Effect on discharge over  a notch or weir due to error in 

the measurement of head ................................................. 253

8.15 Time Required to Empty a Reservoir ............................. 254

8.16 Velocity of approach ........................................................... 256

8.17 Broad Crested Weir ............................................................... 259

8.18 Submerged Weirs ................................................................. 260

8.19 Proportional Weir or Sutro Weir....................................... 261

8.20 Ventilation of Weirs .............................................................. 264 

Objective Brain Teasers ......................................................... 265

 Conventional Brain Teasers ................................................. 268

CHAPTER 9

Laminar Flow .............................................271-300
9.1 Introduction ........................................................................... 271

9.2  Laminar Flow Through Circular Pipe (Hagen-Poiseuille 

law) ............................................................................................ 271

9.3 Laminar Flow between Two Parallel Plates ................. 279

9.4 Kinetic Energy Correction Factor .................................... 287

9.5 Momentum Correction Factor ......................................... 288 

Objective Brain Teasers ......................................................... 291

 Conventional Brain Teasers ................................................. 297

CHAPTER 10

Turbulent Flow in Pipes .......................... 301-323
10.1 Introduction ........................................................................... 301

10.2 Shear Stress in Turbulent Flow ......................................... 302

iv

Fluid Mechanics and Hydraulic Machines



10.3 Various Regions in Turbulent Flow ................................. 305

10.4 Hydrodynamically Smooth and Rough Boundaries 306

10.5 Velocity Distribution for Turbulent Flow in Pipes ..... 307

10.6 Karman Prandtl Velocity Distribution Equation ........ 308

10.7 Velocity Distribution in Terms of Average Velocity... 312

10.8 Friction Factor in Turbulent Flow Through Pipes ...... 315 

Objective Brain Teasers ......................................................... 319

 Conventional Brain Teasers ................................................. 322

CHAPTER 11

Flow Through Pipes ................................. 324-385
11.1 Introduction ........................................................................... 324

11.2 Reynolds’ Experiment .......................................................... 324

11.3 Laws of Fluid Friction .......................................................... 326

11.4 Velocity Profile in Pipe Flow .............................................. 327

11.5 Loss of Energy in pipes ....................................................... 328

11.6 Head Loss Due to Friction in Pipe ................................... 329

11.7 Minor Losses ........................................................................... 333

11.8 Total Energy line and Hydraulic Gradient Line .......... 342

11.9 Various Connections in Pipelines .................................... 346

11.10 Flow Through a By-pass ..................................................... 350

11.11 Siphon ...................................................................................... 351

11.12 Flow between reservoirs at different level .................. 356

11.13 Time of emptying a reservoir through a pipe 

discharged in open air ........................................................ 357

11.14  Time required to reduced the level difference between 

two reservoirs from H1 to H2 ............................................. 357

11.15 Loss of Head due to Friction in a Pipe with Side 

Tappings .................................................................................. 358

11.16 Transmission of Power ........................................................ 359

11.17 Water Hammer in pipes...................................................... 362

11.18 Pipe Network .......................................................................... 368

 Objective Brain Teasers ......................................................... 372

 Conventional Brain Teasers ................................................. 381

CHAPTER 12

Boundary Layer Theory .......................... 386-414
12.1 Introduction ........................................................................... 386

12.2 Thickness of Boundary Layer............................................ 387

12.3 Boundary Layer along a Long Thin Flat Plate ............. 392

12.4 Boundary Layer Equations (for 2-D steady, laminar 

 flow of incompressible fluids) .......................................... 395

12.5 Local and Average Drag Coefficient .............................. 395

12.6 Blasius Results ........................................................................ 397

12.7 Von-Karman Integral Momentum Equation ............... 400

12.8 Boundary Layer Separation .............................................. 403 

Objective Brain Teasers ......................................................... 409

 Conventional Brain Teasers ................................................. 413

CHAPTER 13

Dimensional Analysis .............................. 415-449
13.1 Introduction ........................................................................... 415

13.2 Dimensions ............................................................................. 415

13.3 Dimensional Homogeneity ............................................... 417

13.4 Non-Dimensionalisation of Equations .......................... 419

13.5 Methods of Dimensional analysis ................................... 420

13.6 Model Analysis ....................................................................... 426

13.7 Similitude [Types of Similarities] ..................................... 426

13.8 Dimensionless Numbers .................................................... 428

13.9 Model Laws (similarity laws) ............................................. 429 

Objective Brain Teasers ......................................................... 440

 Conventional Brain Teasers ................................................. 445

CHAPTER 14

External Flow-Drag and Lift ...................450-477
14.1 Introduction ........................................................................... 450

14.2 Drag and Lift ........................................................................... 450

14.3 Types of Drag ......................................................................... 452

v

Fluid Mechanics and Hydraulic Machines



Fluid Mechanics and Hydraulic Machines

vi

14.4 Drag on various shapes ...................................................... 454

14.5 Lift on various shapes ......................................................... 464

 Objective Brain Teasers ......................................................... 469

 Conventional Brain Teasers ................................................. 474

CHAPTER 15

Impact of Jets ...........................................478-496
15.1 Introduction ........................................................................... 478

15.2 Force by fluid jet on stationary flat plate ..................... 478

15.3 Force by fluid jet on moving flat plate .......................... 482

15.4 Force by fluid jet on curved plate ................................... 484

15.5 Flow over runner blades .................................................... 489

 Objective Brain Teasers ......................................................... 493

 Conventional Brain Teasers ................................................. 494

CHAPTER 16

Hydraulic Turbines ...................................497-541
16.1 Introduction ........................................................................... 497

16.2 Layout of Hydroelectric Power Plant ............................. 497

16.3 Heads of a Turbine................................................................ 498

16.4 Efficiencies of a Turbines .................................................... 498

16.5 Classification of Turbines ................................................... 500

16.6 Pelton Turbine ........................................................................ 503

16.7 Radial Flow turbine .............................................................. 509

16.8 Francis  turbine ...................................................................... 512

16.9 Kaplan Turbine ....................................................................... 517

16.10 Comparison of Kaplan and Francis Turbine ................ 518

16.11 Draft  Tube ............................................................................... 519

16.12 Cavitation in Reaction turbine ......................................... 522

16.13 Unit Quantities and Specific Speed ............................... 524

16.14 Performance Characteristic Curves ................................ 526

 Objective Brain Teasers ......................................................... 529

 Conventional Brain Teasers ................................................. 534

CHAPTER 17

Hydraulic Pumps ..................................... 542-584
17.1 Introduction ........................................................................... 542

17.2 Classification of rotodynamics pumps .......................... 543

17.3 Centrifugal Pump ................................................................. 544

17.4 Heads of Pump ...................................................................... 548

17.5 Design parameters of centrifugal pump ...................... 550

17.6 Efficiencies of Centrifugal Pump ..................................... 551

17.7 Multistage centrifugal pumps ......................................... 554

17.8 Minimum Speed for Starting a Centrifugal Pump .... 555

17.9 Specific speed of centrifugal pump ............................... 556

17.10 Model Testing of Centrifugal Pumps ............................. 558

17.11 Cavitation in Pumps............................................................. 560

17.12 Net positive suction head (NPSH) .................................. 561

17.13 Thoma’s Cavitation Factor ................................................. 562

17.14 Priming of Pump ................................................................... 562

17.15 Characteristic Curves of Centrifugal Pumps ............... 563

17.16 Reciprocating Pump ............................................................ 564

17.17 Centrifugal pump vs reciprocating pump ................... 570

 Objective Brain Teasers ......................................................... 574

 Conventional Brain Teasers ................................................. 579

nnnn





































<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




