2. &
e :
R o e

UMIVERRIDAD RACIGNAL D" Euros
Contents PACULTAD Df fn- oire
Preface to the Dover Edition & 267 =4 X
Preface to the First Edition xi
CHAPTER 1 FORMAT AND FUNDAMENTALS 1
Introduction: A Survey of Fluid Mechanics 1
1.2 Format of This Text 4
1.2.1 The Subject of Fluid Mechanics 4
1.2.2 The Structure of Fluid Mechanics 5
1.3 Fundamental Quantities, Units 10
1.3.1 Le Systéme International, (SI) System 10
1.3.2 The USCS System 14
1.3.3 Two Other Systems of Units 16
1.3.4 Secondary Dimensions 16
1.4 Fundamental Idealizations 17
1.5 Fundamental Coordinates 17
1.6 Fundamental Kinematic Field 20
1.6.1 Absolute Velocity 20
1.6.2 Relative Velocity 22
1.6.3  Absolute Acceleration Field 23
1.6.4 Relative Acceleration Field 26
1.7 Fundamental Descriptions: Lagrange versus Euler Description 26
1.7.1 Lagrangian Description 28
1.7.2 Eulerian Description 29
1.7.3 Substantive Derivative D/Dt: The Stokes Derivative 30
References 34
Study Questions 36
Problems 36
CHAPTER 2 DESCRIPTION OF FLUIDS 41
2.1 Introduction 41
2.2 What Is a Fluid? 41
2.2.1 Concerning Water 45
2.3 Classification of Fluid Flows 46
2.3.1 Gases versus Liquids 47
2.3.2 Continuum versus Discrete Fluids 52
2.3.3  Perfect versus Real Fluids 53
2.3.4 Newtonian versus Non-Newtonian Fluids 54
2.3.5 Compressible and Incompressible Fluids 55
2.3.6 Steady and Unsteady Fluid Flows 55
2.3.7 One, Two, and Three-Dimensional Flows 56
2.3.8 Rotational versus Irrotational Flow 57



IV | Contents

2.4 Propertics of Fluids
2.4.1 Mass, M
2.4.2  Density p
2.4.3  Specific Weight, vy
2.4.4  Specific Gravity, S
2.4.5 Pressure, p
2.4.6  Bulk Modulus of Elasticity, K
2.4.7  Absolute, or Dynamic Viscosity,
2.4.8  Kinematic Viscosity, v
2.4.9  Surface Tension, o
2.4.10  Capillarity Rise, or Depression, &
References
Study Questions
Problems

CHAPTER 3 AEROHYDROSTATICS

3.1

3.2

3.3

3.4

3.5

3.6
3.7

Hydrostatics

3.1.1
3.1.2
3.3.1
3.1.4

Manometers
Barometer

U-Tube Manometer
Inclined Manometer

Uniform Acceleration
Aerostatics

331
332

Halley’s Law
Logarithmic Law

Forces on Planar Bodies

34.1
3.4.2

Force on a Planar Body in a Horizontal Plane
Pressure Force on Inclined Planar Surfaces

Hydrostatic Forces on Curved Bodies

3.5.1

Horizontal and Vertical Components of a Pressure Force

Buoyant Forces on Submerged Bodies
Initial Stability of Floating and Submerged Ships

3.7.1
3.7.2
3.7.3
374

Relative Location of Reference Points

Initial Stability of a Surface Ship

Initial Stability for the Submerged Submarine
Methods of Improving Initial Stability

Study Questions
Problems

CHAPTER 4 DIFFERENTIAL FORMS OF FLUID BEHAVIOR

4.1
4.2
4.3
4.4

Introduction
General Property Balance
The Differential Form of the Conservation of Mass

The Differential Form of the Conservation of Linear Momentum

4.4.1
4.4.2

The Physics of the Problem
The Composition of Velocity

57
58
59
62
62
62
66
69
78
81
82
87
87
87

95

95

99
100
100
100
103
107
107
109
111
111
114
122
122
127
130
131
131
136
137
137
138

153

153
154
160
169
169
170



Contents | V

4.4.3  The Strain Rate Dyadic, 173
4.4.4  Geometric Interpretation of the Velocity Components 176
4.4.5 The Stress Dyadic, P 180
4.4.6  The Surface Forces, F | 187
4.4.7  Vorticity, { 190
4.4.8  Cauchy’s Equation of Motion 194
4.4.9  The Navier-Stokes Equation 203
4.4.10 The Gromeka-Lamb Form of the Navier-Stokes Equation 208
4.4.11 Boundary Conditions 214
4.5 The Differential Form of the Conservation of Energy 217
4.5.1 Boundary Conditions for the Energy Equation 221
4.6 Air as an Incompressible and/or Inviscid Fluid 222
References 224
Study Questions 224
Problems 224
CHAPTER 5 INTEGRATED FORMS OF FLUID BEHAVIOR 233
5.1 Introduction 233
52 The Integral Form of the Conservation of Mass 235
5.2.1 Incompressible Flow Form of the Continuity Equation 238
5.3 The Integral Form of the Conservation of Linear Momentum 241
5.3.1 Linear Momentum Equation for Inertial Control Volume 242

5.3.2 Integral Form of the Linear Momentum Equation for a Noninertial
Control Volume 257
5.4 The Integral Form of the Conservation of Angular Momentum 269
5.4.1 Case 1: V, = 0. Rigid Body Motion 272
5.4.2 Case 2: Inertial Frame of Reference 273
5.5 The Integral Form of the Conservation of Energy 287
5.5.1 Rate of Heat Transfer, I-Q(, 289
5.5.2 Fluid Power, ,W, 289
5.5.3 Integral Form of the Energy Equation 290
5.5.4 The Steady Flow Energy Equation versus Bernoulli’s Equation 296
5.5.5 Energy Grade Lines 297
Study Questions 307
Problems 308
CHAPTER 6 RECAPITULATION . 341
6.1 Summary 341
6.2 Special Forms of the Governing Equations 344
6.3 Problem-Solving Technique 350
6.4 Examples of Problem-Solving Technique 351
CHAPTER 7 DIMENSIONAL ANALYSIS AND SIMILITUDE 359

7.1 Introduction 359



Vi / Contents

T2 Dimensional Analysis
7.2.1 The Principle of Dimensional Homogeneity
7.3 Buckingham Pi Theorem
7.3.1 Applications of the Buckingham Pi Theorem
7.4 The Rayleigh Method
7.4.1 A Critique of the Two Methods
i) Dimensionless Parameters
7.5.1 Dimensionless Navier-Stokes Equation
7.5.2  Scaling Rules
7.5.3 Reynolds Number, R,
7.5.4 Froude Number, F,
7.5.5 Mach Number M and Cauchy Number C
7.5.6  Weber Number, W
7.5.7 Euler Number E and the Pressure Coefficient C,
7.6 Similitude
7.7 Similarity Solutions and Transformations
7.8 Geometric and Dynamic Similitude
7.9 Modeling
7.9.1 Reynolds Number Modeling
7.9.2  Froude Number Modeling
7.10  Drag
7.11  Lift
7.12  Vorticity Effect in Lift and Drag
References
Study Questions
Problems

CHAPTER 8 FLOW VISUALIZATION

8.1 Introduction
8.2 Equation of a Streamline
8.3 Stream Function, s
8.3.1 Cauchy-Riemann Conditions
8.3.2  Orthogonality of ¢ and ¥
8.4 Visualization Techniques
8.4.1 Methods for Visualizing Flows of Liquids and Gases
References
Study Questions
Problems

CHAPTER 9 VISCOUS FLUID FLOWS

9.1
9.2

9.3
9.4

Introduction
Rectilinear Flow Between Parallel Plates

9.2.1 Temperature Distributions for Couette and Poiseuille Flows

Suddenly Accelerated Flat Plate in a Viscous Fluid

- Rotational Viscous Flows

9.4.1 Equations of Motion
9.4.2 Some Exact Solutions

362
364
365
367
375

377

378

378
381

381

382
382

384
384
384
385
388
391

392
392
397
403
405
407
407
407

415

415
422
428
435
438
439
440
453
454
454

457

457
457
466
467
472
473
475



References
Study Questions
Problems

CHAPTER 10 LAMINAR PIPE FLOW

10.1  Introduction
10.2  Description of the Physical Phenomgnon
10.3  Equations of Motion for Laminar Flow in a Pipe
10.4  The Moody Diagram
10.4.1 Other Ways to Use the Moody Diagram
10.5  Minor Losses
10.5.1 Fittings and Obstructions
10.5.2 Elbows, Tees, and Such
10.5.3 Sudden Contractions
10.5.4 Sudden Expansion
10.5.5 Gradual Expansion
10.6  Energy Equation for Real Fluid Flow in a Pipe
10.7  Examples of Pipe Flow
10.7.1 The Siphon
10.7.2 Pipes in Series
10.7.3 Flow in Parallel Pipes
References
Study Questions
Problems

CHAPTER 11 TURBULENT PIPE FLOW

11.1  Introduction
11.2  Detecting Turbulence
11.3  On the Origin of Turbulence
11.3.1 The Role of Vorticity in the Origin of Turbulence
11.4  Definitions of Various Velocity Terms
11.4.1 The Equations of Motion for Turbulent Flow
11.5  Zero-Equation Model for Fully Turbulent Flow
11.5.1 The Mixing Length Hypothesis (MLH)
11.5.2 Experimental Determination of Mixing Length
11.5.3 Advantages and Disadvantages of the MLH
11.6  Fully Turbulent Flow in a Pipe
References
Study Questions
Problems

CHAPTER 12 POTENTIAL FLOW

12.1
12.2

Introduction
Laplace’s Equation
12.2.1 Methods of Solving Laplace’s Equation

Contents | VII

476
476
477

481

481
481
484
494
499
504
505
509
510
511
513
513
519
519
520
527
530
531

531

541

541
542
543
546
551
553
563
563
570
572
572
579
580
581

587

587
587
591



Vlii ! Contents

12.3  The Complex Potential, )
12.4  The Complex Velocity, d()/dz
12.4.1 Stagnation Points
12.4.2  The Speed
12.5  Complex Potential for Fundamental Flows
12.5.1 Uniform Flow
12.5.2  Sources and Sinks
12.5.3 Vortex Motions
12.5.4 Doublet
12.6  Conservation of Circulation
127 Equation of the Body
12.8  Blasius’ Theorem for Forces
12.9  Various Complex Potentials Q(z) and Corresponding Physical Flows
12.10 Combined Flows
12.10.1 Principle of Superposition
12.10.2  Flow about a Half-Body
12.10.3  Uniform Flow Past a Source and a Sink
12.10.4  Uniform Flow Past a Doublet: Flow Past a Cylinder
12.10.5 Uniform Flow Past a Cylinder with Circulation
12.11 Lift and Drag
12.11.1 The Phenomenon of Lift
12.11.2  The Phenomenon of Drag
12.11.3  Some Illustrative Projects on Lift and Drag
12.12 Method of Images (or A Way to Create Straight Boundaries)
12.13  Potential and Stream Functions in Real Fluids
12.13.1 Compressible Fluids
12.13.2  Viscous Flows
12.13.3  Rotational Flows Being Ideal
12.14  Comparison of Potential Theory with Experiment
References
Study Questions
Problems

CHAPTER 13. OPEN-CHANNEL FLOW

13.1  Introduction

13.2  Steady Open-Channel Flow
13.2.1 Flow Classification
13.2.2  Uniform Open-Channel Flow
13.2.3  Specific Energy

13.3  Surge Waves and the Hydraulic Jump
13.3.1 Open-Channel Flow Past a Broad-Crested Weir
13.3.2  The Hydraulic Jump

13.4  Flows Past Sharp-Crested Weirs

13.5  Linear Theory of Simple Harmonic Long-Crested Waves of Small
Amplitude

References

Study Questions
Problems

391
595
595
596
598
598
599
603
613
613
617
619
621
621
623
624
628
632
636
645
646
651

652
6353
655
655
656
656
657
659
660
660

665

665
665
668
669
675
680
683
685
687

690
698
698
698



Contents | IX

CHAPTER 14. BOUNDARY LAYER FLOWS

14.1  Introduction
14.1.1 Reynolds” Experiment
14.2  The Boundary Layer Concept
14.3  Prandtl’s Boundary Layer Equations
14.4  Blasius Solution for Laminar Boundary Layer Flow over a Flat Plate
14.5  Boundary Layer Thicknesses of Displacement and Momentum
14.6  Prandtl’s Boundary Layer Theory from the Viewpoint of a Mathematician
14.6.1 Separation
14.6.2  On Prandtl’s Boundary Layer Equations
14.7  Integral Momentum Principles
14.7.1 Momentum Principle for Boundary Layer Analysis
14.7.2  Method of Solution of the von Kdrmén-Pohlhausen Integral
Momentum Equation
14.7.3 Laminar Boundary Layer Analysis on a Flat Plate
14.8  Mechanics of Boundary Layer Transition
14.8.1 The Nonlinear Region
14.8.2  Salient Aspects of Transition
14.8.3 Instability versus Transition
14.9  Turbulent Boundary Layers
14.9.1 The Inner Layer
14.9.2  The Quter Layer
14.9.3  Fully Turbulent Boundary Layer Flow
14,10  Drag
14.10.1 Drag Coefficient of Automobiles '
14.10.2  Effect of Thickness on the Drag of Symmetr cal Bodies
14.10.3  Effect of Shape on Drag
14.10.4  Effect of Roughness on Drag of Airfoil Shapes
14.10.5 Aspects of Design for Minimum Drag
14.10.6  Applications
References
Study Questions
Problems

CHAPTER 15. ONE-DIMENSIONAL COMPRESSIBLE FLOW

15.1  Introduction
15.2  The Description of a Perfect Gas
15.3  The Second Law of Thermodynamics
15.4  Equations of a Process
15.5 The Compressible Flow Energy Equation
15.6  Problem Solution Technique in Applying the Energy Equation
15.6.1 Application of the (I.LF.) Energy Equation for Compressible Flow
15.7  Normal Shock Waves
15.7.1 Mach Number Relationships for a Normal Shock
15.7.2 Mach Number Relationships for Stagnation Conditions in Isentropic
Nozzles
15.7.3 Mass Rate through an Isentropic Nozzle

703

703
704
705
708
713
722
724
726
727
728
728

732
736
742
743
748
751
757
758
761
763
772
772
776
776
780
782
783
792
792
793

801

801
802
807
808
811
812
812
827

834 i

837
839

1
-

QriBle

o I

-]



X | Contents

15.7.4 Location of a Normal Shock in a Nozzle 840

15.7.5 The Prandtl Relation 844

15.7.6 Thickness of the Normal Shock 845
15.8  Isothermal Gas Flow in a Pipe 846
15.9  Other Types of Shock Waves 849
15.10 Drag Coefficient Cp, for Compressible Flow 856

15.10.1 Subsonic Compressible Drag Coefficients 856

15.10.2 Transonic and Supersonic Drag Coefficients 857
15.11 Closure 859
References 860
Study Questions 861
Problems 862
APPENDIX A COMPLEX VARIABLES 869
APPENDIX B VECTORS 873
APPENDIX C GAS TABLES 877
ANSWERS TO SELECTED ODD-NUMBERED PROBLEMS 880
Index 892

Preface to the Dover Edition

The gratifying reception accorded to this work has encouraged me to continue to
search for improvements, all of which have been inserted into this Dover edition. 1
take this opportunity to express my thanks to the hundreds of academicians and
students who contacted me regarding this text. I am also grateful to Alan Weissman
and John Grafton of Dover Publications for their careful attention to typographical
detail, so important in a work of this kind.

R. A. Granger
Annapolis, 1994



	42670001.jpg
	42670002.jpg
	42670003.jpg
	42670004.jpg
	42670005.jpg
	42670006.jpg
	42670007.jpg
	42670008.jpg

