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L Fig. 7.41. The u—v sample space showing the numbering of the four quadrants, and
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FIG. 3. Color a Theodorsen’s 1952 depiction of a horseshoe vortex from Ref. 9 ; b sketch of “The Horseshoe™

attributed to Weske courtesy of J. Wallace, University of Maryland ; ¢ Robinson’s summary of structures
found in direct numerical simulation of wall turbulence from Ref. 12 .
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Figure 26.25 Turbulence structure at various heights in a low-Reynolds-number boundary layer
is visualized with hydrogen bubbles in water. Flow is from top to bottom: (a) sublayer y* = 2.7,

{b) buffer region y© = 38, (¢) log region y™ = 101, and (d) wake region y*™ = 407. Reprinted with
permission from Kline et al. (1967), Cambridge University Press.
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Figure 26.26 Several vortex packets Adrian, (2007). W\M
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Figure 26.27 Vortex packets in the atmospheric boundary layer Adrian, (2007).
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Fig. 7.40. A dye streak in a turbulent boundary layer showing the ejection of low-speed
B Rl e near-wall fluid. (From the experiment of Kline et al. (1967).)
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Fig. 742. A sketch of counter-rotating rolls in the near-wall region. (From
al. (1996).)
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Fig. 7.43: The hairpin vortex suggested by Head and Bandyopadhyay (194

—t

Holmes et

).
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Fig. 7.44. The large-scale features of a turbulent boundary layer at Rey = 4,000.

The irregular line — approximating the viscous superlayer — is the boundary between
smoke-filled turbulent fluid and clear free-stream fluid. (From the experiment of Falco

———  1977)
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Fig. 7.26. Profiles of the mean velocity, shear stress and intermittency factor in a

. zero-pressure-gradient turbulent boundary layer, Rey = 8,000. (From th I
data of Klebanoff (1954).) ! : CERDERIEL
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Figure 13.23 Mechanics of streak break up. S. I. Kline et al., Journal of Fluid Mechanics 3§
1967 and reprinted with the permission of Cambridge University Press.

| Plate 5 Two views of a boundary layer. (a) Side view of the large eddies in a turbulent boundary layer using laser induced i
fluorescence. The flow is from left to right. [Courtesy of efluids.com. Picture by Prof. M. Gad-el-Hak, Virginia Commonwealth
University.] (b) Vortical structures in a turbulent boundary layer visnalized by smoke and laser light. The picture is an oblique,

—————— transverse section of the boundary layer. Note the frequent appearance of mushroom-like structures. See the discussion in § T R
Section 4.2.6. [Courtesy of R.E. Britter, University of Cambridge].




