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Consider high Re flow (1) around streamlined/slender body for which viscous
effects are confined to a narrow boundary layer near the solid surface/wall or (2) for
free shear flows, i.e., jets, wakes and mixing layers for which the vorticity is

similarly confined to a narrow region. In both cases Prandtl’s boundary layer theory B

is applicable.
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Figure 8.1 Turbulent boundary layer overa flat plate.

Figure 8.2 Smoke visualizati ofa boundary layer at 8, = 3000 {1
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1. Stable laminar flow near the leading edge.

‘ 2. Unstable two-dimensional Tollmien—Schlichting waves.

; 1 3. Development of three-dimensional unstable waves and hairpin eddies.
1 4. Vortex breakdown at regions of high localized shear.

5. Cascading vortex breakdown into fully three-dimensional fluctuations.
6. Formation of turbulent spots at locally intense fluctuations.

7. Coaleszly turbulent flow.
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FIGURE 5-26

Patterns of unstable vortex breakdown in a houndar:
layer: (a) K-type W [Us =1 percent) aligne# = phase
and similar to a Tollmien—Schlichting wave; (b) C-typ=
(0.3 percent) staggered subharmonic with 4. S 1.54
(c) H-type (0.6 percent) staggered subharmonic with
2.~ 0.74,. [Courtesy of Dr. William S. Saric].
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FIGURE 5-28

Description of the boundary-layer transition process: (a) ide-
alized sketch of flat-plate flow and (b) smoke visualization of
flow with transition induced early by acoustic input at Re; =
814,000 and 500 Hz. [Courtesy of J.T. Kegelman and T.J
Mueller, University of Notre Dame).
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. Fgue8.3 Boundary layerzones, not drawn to scale.
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5 : figure 8.5 Mean and variance of the streamwise velocity in boundary layer flowatR, = 13.600.0.U;
— yrau jay; c,ﬁ? straight line is afit 0 Eq. {8.25). Data from [11]. Figure reproduced from {12] by
- permission of Annual Reviews.
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Townsend (1976), Page 153:

It is difficult to imagine how the presence of the wall
could impose a dissipation length-scale proportional to distance
from it unless the main eddies of the flow have diameters propor-
tional to distance of their ‘centres’ from the wall because their
motion is directly influenced by its presence. In other words, the
velosity fields of the main eddies, regarded as persistent, organised
flow patierns, extend to the wall and, in a sense, they arc attached
To the wall. We proceed to consider the observed characteristics of
7 motion made up from the superposition of attached eddies of a
wide range of sizes.

Let us suppose that the main, energy-containing motion is made
up of contributions from “attached’ eddies with similar velocity
distributions,
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H Equilibrium-defect profiles, as correlated by the Clauser parameter
| and the theory of Mellor and Gibson (1966): (a) flat-plate data; (b)

| equilibrium adverse gradients.
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