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1 Introduction: Scenario A — Basics, 1 Transition

Standard scenario (A) for a 2-d flat-plate boundary layer
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2.6 OSE, results, 1 Transition

 Orr-Sommerfeld equation: TS-waves that represent downstream travelling
“infinitely small counterrotating spanwise vortices” can grow exponentially in a boundary layer
» Stability diagram (2-d waves): instability inside “banana”, see below [5]
* Strong “inviscid” instability if U(y) has an inflection point (IP) and here the spanwise vorticity
(~|dU/dy|) has a maximum as, e.g., for Falkner-Skan profiles with £3,<0
« Without IP: only viscous instability; the diagram closes for large Re because dU/dy~5-1 1
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2.6 Wing profiles, experiment, 1

Transition
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For Re; <5 x10° transition occurs downstream of or around M [2].
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5.1 SSI and classical breakdown scenarios, 12 Transition

* Visualizations in experiments, Blasius flow (smoke, laser light sheet)
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5.1 Structure formation and breakdown scenarios, 15 (DNS) Transition

* Details of K-Breakdown (with adverse pressure): spanwise vorticity / shear-layers [25, 27]
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5.2 LSI/Crossflow breakdown, 5 Transition

* Steady-crossflow-vortex induced breakdown in a 3-d boundary layer on a swept wing
» The subsequent DNS results are for the base flow introduced in §4.3, 3-6, [31]
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5.2 LSI/Crossflow breakdown, 6 (DNS) Transition

* Steady-crossflow-vortex induced
breakdown [31]
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5.2 LSI/Crossflow breakdown, 10 Transition

» Experimental visualization of (slow) crossflow-vortex induced breakdown
on a spinning body of revolution by smoke

specialty: in the beginning also TS waves can be seen.
(Mueller, Nelson, Kegelmann, Morkovin 1981, see [38])
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6.1 Laminar Flow Control, DNS, 5 Transition

* Example to method B: Passive suppression / delay of crossflow-vortex induced transition
ina3-d boundary layer by forcing of narrow-spaced vortices (UFD/DRE method) with 2/3 4,
o BT : of the naturally most amplified
\ mode. Note that the 2/3 A,
control mode needs to be more
amplified initially, and then be
damped, 1.e. the stability dia-

gram over the x-j-plane must
IB®  have a thumb shape, see

|

|I §4.3, 5. The control mode is
sometimes called ‘subcritical’
referring to 1ts A, being smaller

than the one of the turbulence
triggering mode (DNS [31]).
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