Contents

Preface 0

“hapter |
[ntroduction 3

{.!
Lt
b

1.4

1.5 Properties of the Velocity Field 14
1.6 ‘Thermodynamic Properties of a Fluid 16
1.7 Yiscosity and Other Secondary Properties 23
L& Basw Flow Analysis Techniques 38
1.9  Flow Patterns: Streamlines, Streaklines,
znd Pathlines 39
L10 The Iingineering Equation Solver 44
1.1l ¥Incuntainty of Experimental Data 45
1.12 The Fundamentals of Engineering (FE) Examination 46
113 Froblem-Solving Techniques 47
1.14  History and Scope of Fluid Mechanics 47
Froblems 49
Fundamentals of Engineering Exam Problems 57
Carr prehensive Problems 57
References 59
Chapter 2
Pressure Distribution in a Fluid 63
2.1 Pwuscure and Pressure Gradient 63
2.2 Ejuiibrium of a Fluid Element 65
2.3 Hydicstatic Pressure Distributions 67
2.4 Application to Manometry 74

Whitz, Frank M. (2003). Fluid Mechanics. 5th ed. Boston :

Preliminary Remarks 3
lhe Concept of a Fluid 4
(he Fluid as a Continuum 6

Jin ensions and Units 7

620.106

. W 384 F

2.5  Hydrostatic Forces on Plane Surfuce; 7%
2.6 Hydrostatic Forces on Curved Surfaces 84
2.7 Hydrostatic Forces in Layered Fluid: 86
2.8  Buoyancy and Stability 89
2.9  Pressure Distribution in Rigid-Body Motion 94
2.10 Pressurc Mcasurement 102
Summary 106
Problems 106
Word Problems 128
Fundamentals of Engineering Exam Problems 129
Comprehensive Problems 130
Design Projects 131
References 132
Chapter 3
Integral Relations for a Control Volume 135
3.1  Basic Physical Laws of Fluid Mechanics 35
3.2 The Reynolds Transport Theorem 119
3.3 Conservation of Mass 147
3.4 The Linear Momentum Equation 153
3.5 The Angular Momentum Theorem 166
3.6 The Energy Equation 172
3.7 Frictionless Flow: The Bernoulli Equation 182

Summary 191

Problems 192

Word Problems 220

Fundamentals of Engineering Exam Pioblems 221
Comprehensive Problems 222

Design Project 223

References 223

McGraw-Hill.
B0072825

vii




- e

vi - Content.

Chapter 4

Difterential Rela‘ions for luid Flow 225

41 The Acodde wvon Field of a Fluid - 225
4.2 The Difcrent.al Equation of Mass Conservation 227
4.3 The Differential kquation of Linear Momentum 234
4.4 The Ditferential I:quation of Angular Momentum 240
4.5 The Ditfereatial Equation of Energy 242
4.6 Boundary Conditions for the Basic Equations 244
4.7 The Srean Function 249
4.8 Norticity end I'rotationality 257
4.9 Frictioniess Irrotational Flows 259
410 Some Nlustrative Plane Potential Flows 264
.11 Some Illuc trati v lncompressible Viscous Flows 269
Summary 273
Problems 27
Word Protlems 38
Fundamen als ¢ f Ev gineering Exam Problems 289
Compretensive Priblems 289

Referencae 20

Chapter 3
Dimensional Analy s ar d Similarity 293

81  Introduction 293
52 The Princigle of Dimensional Homogeneity 296
8.3 The PiTheorem * 712
54 Nondimens onaliza jon of the Basic Equations 309
55 Modeling and Its: Picalls 318
Summary 3.8
Problems 329
Word Problems  3: 7
Fundamentals of Enyineering Exam Problems 337
Comprehensiv: 1ol ems 338
Design Projects 320
References  34¢
Chapter 6

Viscous Flow in Ducts .43

6.1  Revnolds Mumpne: Repimes 343

6.2 Intemal versus Exteral Viscous Flows 348
6.3 Head Loss-—The “riction Factor 351

6.4 Laminar Fully De veluped Pipe Flow 353

6.5 Turbulence Modeling 353
6.6 Turbulent Pipe Flow 301
6.7 Three Types of Pipe Flow Problems 369
6.8  Flow in Noncircular Ducts 375
6.9 Minor Losses in Pipe Systems 384
6.10  Multiple-Pipe Systems 393
6.11  Experimental Duct Flows: Diffuser Performance 399
6.12  Fluid Meters 404
Summary 42§
Problems 426
Word Problems 443
Fundamentals of Engineering Exam Problems 44«
Comprehensive Problems 445
Design Projects 447
References 447
Chapter 7

Flow Past Immersed Bodies 451

7.1  Reynolds Number and Geometry Effects 451
7.2 Momentum Integral Estimates 455
73 The Boundary Layer Equations 458
7.4 The Flat-Plate Boundary Layer 461
7.5 Boundary Layers with Pressure Gradient 470
7.6 Experimental External Flows 176
Summary 503
Problems 503
Word Problems 516
Fundamentals of Engineering Exam Problems 517
Comprehensive Problems 517
Design Project 518
References 519
Chapter 8

Potential Flow and Computational Fluid Dynamics 523

8.1
8.2
83
8.4
8.5
8.6
8.7
8.8

Introduction and Review 523

Elementary Plane Flow Solutions 526
Superposition of Plane Flow Solutions 528
Plane Flow past Closed—Biody Shapes 535
Other Plane Potential Flows 544

Images 549

Airfoil Theory 551

Axisymmetric Potential Flow 563



g9 N nerical Analysis 568
Su nmary 383
Problems 583
Waorid Problems 594
Comprehensive Problems 594
De- gn Projects 596
Rercrences 596
_hapter9
Comprossible Flow 599
Q] ritraduction 599
9.2 The Speed of Sound 604
9.2 Adiabatic and Isentropic Steady Flow 606
$.4  lsentropic Flow with Area Changes 612
9.5 “"he Normal Shock Wave 619
9.6 Ope-ation of Converging and Diverging Nozzles 627
9.7  {on sressible Duct Flow with Friction 632
9.8  [Kriciionless Duct Flow with Heat Transfer 644
9.9 Twc -Dimensional Supersonic Flow 649
9.10  Frar :ltl-Meyer Expansion Waves 659
Sum nary 671
Froblems 672
Word Problems 685
Fundamentals of Engineering Exam Problems 685
Com orehensive Problems 686
Cesien Projects 687
References 688
Chapter 1)
Open-Channd Flow 691
10.1  Irtroduction 691
10.2 Uniform Flow; The Chézy Formula 697
10.3  Efficient Uniform-Flow Channels 702
104 Specitic Energy; Critical Depth 704
10.5 Tik Hydraulic Jump 711
10.6 Gradially Varied Flow 716

Contents

iX

(8]

1.7 Flow Measurement and Contres b Wy 724
Summary 73]
Problems 731
Word Problems 742
Fundamentals of Engineering Exam Problcms 743
Comprehensive Problems 743
Design Projects 744
References 745
Chapter 11
Turbomachinery 747
IL1  Introduction and Classification 747
112 The Centrifugal Pump 750
11.3  Pump Performance Curves and Similarity Rules 756
1L.4  Mixed- and Axial-Flow Pumps: The Specific Speed 766
11.5 Matching Pumips to System Charactenstics 772
11.6  Turbines 779
Summary 792
Problems 793
Word Problems 804
Comprehensive Problems 804
Design Project 806
References 806
Appendix A Physical Properties of Fluids 808
Appendix B Compressible Flow Tables 813
Appendix C  Conversion Factors 830
Appendix D Equations of Motion in Cvlindrical Coordinates 83
Appendix E  Introduction to EES 834

Answers to Selected Problems

Index

846

853



