
Contents

Part I Fundamentals of the linear stability theory 1

1 Concept of hydrodynamic stability 3
1.1 Hydrodynamic stability . . . . . . . . . . . . . . . . . . . . . . . . 3
1.2 Stability of fluid motion in time . . . . . . . . . . . . . . . . . . . . 5

1.2.1 Critical parameters for onset of instability . . . . . . . . . . 6
1.2.2 Conditional stability . . . . . . . . . . . . . . . . . . . . . 8
1.2.3 Growth of disturbance energy . . . . . . . . . . . . . . . . 9

References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11
Further Reading . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12

2 Theoretical aspects 13
2.1 Formulation of linear hydrodynamic stability problems . . . . . . . 13

2.1.1 Spectral formulation of stability . . . . . . . . . . . . . . . 17
2.1.2 Inviscid instability mechanism . . . . . . . . . . . . . . . . 18
2.1.3 Viscous instability mechanism . . . . . . . . . . . . . . . . 20

2.2 Instability in space . . . . . . . . . . . . . . . . . . . . . . . . . . 21
2.3 Gaster’s transformation . . . . . . . . . . . . . . . . . . . . . . . . 23
2.4 Squire theorem . . . . . . . . . . . . . . . . . . . . . . . . . . . . 23
2.5 Adjoint problem and bi-orthogonality of normal modes . . . . . . . 25
2.6 Completeness of solutions for the Orr–Sommerfeld and Squire equa-

tions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 26
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 30
Further Reading . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 32

Part II Generic problems 33

3 Instability of plane parallel flows 35
3.1 Plane Couette flow . . . . . . . . . . . . . . . . . . . . . . . . . . 35

xiii



xiv Contents

3.2 Plane Poiseuille flow . . . . . . . . . . . . . . . . . . . . . . . . . 36
3.2.1 Numerical results . . . . . . . . . . . . . . . . . . . . . . . 37
3.2.2 Experimental linear stability investigations . . . . . . . . . 39

3.3 Method of linear stability calculations . . . . . . . . . . . . . . . . 40
Exercises . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 45
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 45
Further Reading . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 46

4 Instability of the flat-plate boundary layer 47
4.1 Historical notes . . . . . . . . . . . . . . . . . . . . . . . . . . . . 47
4.2 Solution of the Orr–Sommerfeld equation for the boundary layers . 51
4.3 Nonparallel flow effects . . . . . . . . . . . . . . . . . . . . . . . . 54

4.3.1 Outline of theoretical approaches to account for nonparallel
effects . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 55

4.3.2 Modern view on the place and role of nonparallel effects
in the Blasius boundary layer . . . . . . . . . . . . . . . . . 60

Exercises . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 64
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 64
Further Reading . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 66

5 Instabilities of plane flows over curvilinear surfaces 67
5.1 Influence of curvature on the basic flow . . . . . . . . . . . . . . . 67

5.1.1 Equations of motion in cylindrical coordinates . . . . . . . 67
5.1.2 Description of the flow in boundary layers over curvilinear

surfaces . . . . . . . . . . . . . . . . . . . . . . . . . . . . 69
5.2 Hydrodynamic instability at curvilinear surfaces . . . . . . . . . . . 71

5.2.1 Taylor problem . . . . . . . . . . . . . . . . . . . . . . . . 73
5.2.2 Dean problem . . . . . . . . . . . . . . . . . . . . . . . . . 76
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