Chapter 5 Introduction to The Stability of Laminar Flows

1. Introduction
a. Basic Concepts
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Neutral Nonlinearly unstable

Stability vs. Instability

Top left: stable

Top right: unstable

Bottom right: neutrally stable

Bottom right: stable small but unstable large disturbances

Broadly speaking, there are two types of stability and transition for
laminar flows:

(1) Transition from laminar-to-laminar flow
(2) Transition from laminar to turbulent flow

Figure 25.16 (a) Wavy Taylor vortices. Reprinted with permission from K

. r (1979). (b) Braide
7( 1%33?. () Turbulent Taylor vortices. Courtesy of Zhang and Swinney (1985), University e o YOyies.peopi Aucecki ol

of Texas. Reprinted with permission.




b. Historical Background
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c. Small Disturbance Stability Analysis

All small-disturbance stability analyses follow the same general line of attack,
which may be listed in seven steps.

1. We seek to examine the stability of a basic solution to the physical problem, Q,,
which may be a scalar or vector function,

2. Add a disturbance variable O’ and substitute (Qp + Q) into the basic equations
which govern the problem.

3. From the equation(s) resulting from step 2, subtract the basic terms that Q,
satisfies identically. What remains is the disturbance equation,

4. Linearize the disturbance equation by assuming small disturbances, that is,
Q" << Q. and neglect terms such as Q"2 and 0, etc.

5. If the linearized disturbance equation is complicated and multidimensional, it
can be simplified by assuming a form for the disturhances, such as a traveling
wave or a perturbation in only one direction.

6. The linearized disturbance equation should be homogeneous and have homoge-
neous boundary conditions. It can thus be solved only for certain specific values
of the equation’s parameters. In other words, it is an eigenvalue problem,

7. The eigenvalues found in step 6 are examined to determine when they grow (are
unstable), decay (are stable), or remain constant (neutrally stable). Typically the
analysis ends with a chart showing regions of stability separated from unstable
regions by neutral curves.



