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SHEAR FLOW INSTABILITIES IN SHALLOW FLOWS
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SHEAR FLOW INSTABILITIES IN SHALLOW FLOWS

CLASSES OF INSTABILITY

- Absolutely Unstable
- Convectively Unstable
- Stable

PHYSICAL CONSEQUENCE OF INSTABILITY (OF A WAKE)

- Large-Scale Vortex Street

- Unsteady Bubble Wake

- Unsteady Bubble Wake with Downstream Instabilities
- Steady Bubble Wake
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SHEAR FLOW INSTABILITIES IN SHALLOW FLOWS
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VORTEX FORMATION
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SYSTEMS AND APPROACHES

FLOW SYSTEMS
Flow (water) systems with three-D optical access

QUANTITATIVE IMAGING

- Techniques of high-image-density particle image
velocimetry (PIV)

- Whole field representations of quantitative,
Instantaneous and averaged flow structure.

POST-PROCESSING OF QUANTITATIVE IMAGES

Cinema sequences of images: space-time
representations of flow structure.
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VORTEX FORMATION IN SHALLOW FLOWS

VORTEX FORMATION IN UNSTABLE SHEAR FLOW
- LAMINAR INFLOW

- TURBULENT INFLOW
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SHALLOW WAKE OF A CYLINDER: LAMINAR APPROACH FLOW
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VORTEX FORMATION IN UNSTABLE SHEAR FLOW
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SHALLOW WAKE OF A CYLINDER: TURBULENT APPROACH FLOW
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AN ANALOGY TO A
SHALLOW FLOW SYSTEM

VORTEX FORMATION
COUPLED WITH ACOUSTIC
RESONANCE (AIR FLOW)

Instantaneous acoustic power

—Po @ - (u xv)

Averaged acoustic power
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VORTEX FORMATION: INFLUENCE OF GRAVITY STANDING-WAVE
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. . . (Yossef, 2005)
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MASS EXCHANGE BETWEEN
CAVITY OSCILLATION IN PRESENCE CAVITY AND FREESTREAM .

OF GRAVITY STANDING WAVE

Kimura and Hosoda (1997)
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VORTEX FORMATION IN SHALLOW FLOWS

OVERVIEW
Highly coherent vortex formation in shallow flows due to:

(i) Classical absolute instability of near-wake

(i) Global instability of entire system of distorted flow about body and
near wake

(i) Convective instability triggered and reinforced by gravity

wave resonance

(iv) Eruption of boundary layer from bed at leading-edge of
nominally two-D vortex

Viewed in isolation, formation of highly robust coherent vortical
structures due to (ii) and (iii) mimics features of (i).
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VORTEX FORMATION: INFLUENCE OF GRAVITY STANDING-WAVE
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ROTATIONAL CONTROL OF CYLINDER IN LAMINAR APPROACH FLOW
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