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Exact Coherent Structures in Stratified Plane Couette Flow

...or How to Make a ‘Gnarly’ plane Couette flow Gnarlier



Exact Coherent Structures in Stratified Plane Couette Flow

Plan

r0-Dr

r0+Dr

Stratified plane Couette flow

( Rib < 0  -->   Rayleigh-Benard convection + imposed shear         Ra = -Re2 Rib Pr )

Pr = 0.7 (heated air) – 700 (salty water);  Here  Pr = 1 (parts I & II) or 0.7 (part III)
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Brethouwer et al. (2012), Deusebio et al. (2015)
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Plan

Three Questions

I Where do ECS exist? (with Daniel Olvera, Bristol)

I Have ‘stratified’ snakes got anything to teach us?
(with Daniel Olvera, Bristol)

I Can turbulent spots be controlled by stratification?
(with John Taylor, Enrico Deusebio

& Colm Caulfield, all Cambridge)
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Stratified ECS

Part I: ECS Existence

2π × 2 × 2π & 2π × 2 × π

‘EQ7’ Gibson et al. (2009)

‘HVS’ Itano & Generalis (2009)

and ‘mirror-symmetric mode’ of

Deguchi & Hall (2014,2015)
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Stratified ECS

Part I: Scalings

Rib ~ Re-2

Rib ~ Re-2/3

Rib ~ Re0

2cm

dT~0.06oC
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Stratified ECS

Part I: Regimes

SSP/VWI (Waleffe 1997 / Hall & Smith 1991)

BRE (Deguchi et al. 2013, Deguchi & Hall 2015)

UNS (Deguchi & Hall 2014, Deguchi 2015)
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Stratified ECS

Part I: SSP/VWI vs BRE

SSP/VWI BRE
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Stratified Snakes

Part II: Unstratified Snakes

Schneider, Marinc & Eckhardt 2010 

Schneider, Gibson & Burke 2010 
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Stratified Snakes

Part II: Energy Growth Optimisation

Localised 

state 

Global 

state 

Reference 

state 

Pringle & K (2010), Cherubini et al (2010), Monokrousos et al. (2011), Rabin (2013)
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Stratified Snakes

Part II: Evolution
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Stratified Snakes

Part II: Convergence & Snaking in Re
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Stratified Snakes

Part II: Snaking in Rib
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Stratified Snakes

Part II: Delocalisation
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Stratified Snakes

Part II: Linear Theory

(ũ, ρ̃, p̃) = ( ũ(y), ρ̃(y), p̃(y) )e iβz+σt

Gibson & Brand (2014)
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Stratified Snakes

Part II: Comparison
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Part III: Turbulent Spots

Part III: Turbulent Spots

+
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Part III: Turbulent Spots

Part III: Run Down

A B

C D

A

B

C

D

Geometry 64π × 2 × 32π, Resolution 1024 × 64 × 1024, Pr = 0.7 Re = 865.
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Part III: Turbulent Spots

Part III: Control

d

dt

[
Rib(t)− c log

(
TKE (t)

TKE0

)]
= 0

I c = 0 recovers Boussinesq equations

I c > 0 de/increasing TKE controlled by de/increasing Rib
I c small Rib ‘slow’ to react
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Part III: Turbulent Spots

Part III: Controlled Turbulence
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Part III: Turbulent Spots

Part III: End Product
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Part III: Turbulent Spots

Part III: Varying C
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Conclusions

Conclusions

I Stratification has a strong effect on ECS - 2 regimes
captured, a third likely for Rib = O(1) as Re →∞.

I Stratified snakes reveal a simple localisation mechanism.

I Turbulent spots can be controlled by Rib - opens up
possibilities for study (e.g. UPOs).


