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A complicated scientific application…A complicated scientific application…A complicated scientific application…A complicated scientific application…

Our motivation is turbulent dispersed and reactive flow modellingOur motivation is turbulent dispersed and reactive flow modelling

1. Wednesday May 7: 14 pm to 17 pm

���� Introductory seminar.  Fundamentals on Stokes flow around a sphere.

2. Wednesday May 14: 14 pm to 17 pm

���� Forces acting on a sphere. Steady and transient forces

���� Heat and Mass transfer from a sphere.

���� Introduction to DNS of Turbulent Flow.���� Introduction to DNS of Turbulent Flow.

3. Wednesday May 21: 14 pm to 17 pm 

���� Particles Interaction with Vortices;

���� Characterization of a Vortex;

���� Vortex Dynamics in Boundary Layers���� Vortex Dynamics in Boundary Layers

���� Particle dispersion in synthetic turbulence. Project description 

4. Wednesday May 28: 14 pm to 17 pm 

Special topic on PDF approaches:   Dr Abdel Dehbi, PSI. 

5. Wednesday June 4: 14 pm to 17 pm 5. Wednesday June 4: 14 pm to 17 pm 

NOT COVERED (JRT Course). 

6. Wednesday June 11: 14 pm to 17 pm 

Particle/Turbulence Interactions: Deposition & Entrainment in Boundary Layers. 

Are particles a compressible flow? Indicators for particles segregation

7. Wednesday June 18: 14 pm to 17 pm 

Bubble dispersion in wall turbulence. 

Project Advancement/Discussion

Discussion and hands-on the project

8. Wednesday June: 25:14 pm to 17 pm 8. Wednesday June: 25:14 pm to 17 pm 

Project Discussion.

9. Wednesday July: 2: 14 pm to 17 pm 

To be confirmed. Final Remarks



SummarySummarySummarySummary

• What we know from previous lectures:

1 Forces acting on a sphere: We know EVERYTHING!

2 Unsteady and Turbulent Flows: We know something

3 Vortex Dynamics and Flow Structures in Boundary Layers and Shear Flows: We Know something3 Vortex Dynamics and Flow Structures in Boundary Layers and Shear Flows: We Know something

4 We know something on Interpolation

5 We know something on particle dynamics in boundary layers

6 We know how to quantify if particles are homogeneously distributed or not

• What we will learn in today lecture:

1 What f we apply what we know to microbubbles? Are things going to be the same?

2 Updates on the Homeworks and Project



SummarySummarySummarySummary

• What we will learn in today lecture:• What we will learn in today lecture:

1 Some interesting physics… who can explain?

2 Microbubbles? Interesting applications and difference with microparticles.2 Microbubbles? Interesting applications and difference with microparticles.

3 Update on Homeworks and Project.

*Reminder: Press ESC



AnimalAnimalAnimalAnimal----ChannelChannelChannelChannel

Are dolphins more skilled than human beings? 
(we already know they are smarter than some of us!)(we already know they are smarter than some of us!)

Dolphin-1.vlc

Dolphin-2.vlc
Human-Being-1.vlc

Dolphin-2.vlc

Dolphin-3.vlc



AnimalAnimalAnimalAnimal ChannelChannelChannelChannel

What is this noise? 

Snap2.mp3



AnimalAnimalAnimalAnimal ChannelChannelChannelChannel

A deadly animal!

Snapping-Shrimp-Detlef.vlc



SummarySummarySummarySummary

• What we will learn in today lecture:

1 Some interesting physics… who can explain?

2 Microbubbles? Interesting applications and difference with microparticles.

3 Update on Homeworks and Project.

*Reminder: back to full Screen



An An An An ExperimentExperimentExperimentExperiment bybybyby Prof Prof Prof Prof Serizawa…Serizawa…Serizawa…Serizawa…



A A A A DirectDirectDirectDirect NumericalNumericalNumericalNumerical SimulationSimulationSimulationSimulation of of of of ourourourour groupgroupgroupgroup



ButButButBut the the the the DNSDNSDNSDNS toldtoldtoldtold usususus whatwhatwhatwhat the the the the fluidfluidfluidfluid doesdoesdoesdoes totototo bubblesbubblesbubblesbubbles, , , , 

NotNotNotNot whatwhatwhatwhat bubblesbubblesbubblesbubbles do do do do totototo the the the the fluidfluidfluidfluid!!!!NotNotNotNot whatwhatwhatwhat bubblesbubblesbubblesbubbles do do do do totototo the the the the fluidfluidfluidfluid!!!!

NONNONNONNON----UNIFORMUNIFORMUNIFORMUNIFORM DISPERSIONDISPERSIONDISPERSIONDISPERSION OF OF OF OF MICROMICROMICROMICRO----BUBBLESBUBBLESBUBBLESBUBBLES

IN  IN  IN  IN  TWOTWOTWOTWO----WAYWAYWAYWAY COUPLEDCOUPLEDCOUPLEDCOUPLEDUPWARD/DOWNWARDIN  IN  IN  IN  TWOTWOTWOTWO----WAYWAYWAYWAY COUPLEDCOUPLEDCOUPLEDCOUPLEDUPWARD/DOWNWARD

TURBULENTTURBULENTTURBULENTTURBULENT CHANNELCHANNELCHANNELCHANNEL FLOWFLOWFLOWFLOW



Computational Methodology. 1 .

Momentum Coupled Dilute Two-Phase FlowMomentum Coupled Dilute Two-Phase Flow
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Computational Methodology. 2.

Momentum Coupled Dilute Two-Phase FlowMomentum Coupled Dilute Two-Phase Flow
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Two-Way Momentum Coupling (PSIC): 

The fluid Feels particle Momentum Exchange



Computational Methodology. 4.

Forces acting on Bubbles (Still far not realistic!)Forces acting on Bubbles (Still far not realistic!)
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And… are bubbles segregated into specific regions

…from a statistical viewpoint…from a statistical viewpoint

Regular Random Clustered Regular 
distribution

Random 
distribution

Clustered 
distribution

D = (σσσσ-σσσσp)/λλλλ, with λλλλ = average number of particles per cell

σσσσ = standard deviation of the PDF



And… from a statistical viewpoint

D = (σσσσ-σσσσ )/λλλλ, D = (σσσσ-σσσσp)/λλλλ, 

with λλλλ = average number of 

particles per cellparticles per cell

σσσσ = standard deviation of the PDF

... If manners makith tracers, 
bubbles are well mannered only 

far from the wall...far from the wall...

... where the lift force is small.



... Results on velocity statistics and Scaling

Fluid Statistics: Streamwise Velocity and RMS

Downflow

Upflow Upflow

Downflow

Downflow Upflow

There is an apparent increase/decrease in 
streamwise velocity corresponding to 

decrease/increase in turbulence intensity in 
Downflow

Upflow

decrease/increase in turbulence intensity in 
all three directions



... But the usual turbulence scaling does not

hold if there are bubbles forcing the flow !

We must introduce the bubble back-reactionWe must introduce the bubble back-reaction



... So, if we filter bubble driving force

everything comes in good order. 
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Upflow

d
e
c
re

a
s
e
d

 R
M

S

in
c
re

a
s
e
d

 R
M

S

Upflow

d
e
c
re

a
s
e
d

 R
M

S

in
c
re

a
s
e
d

 R
M

S



Conclusions

1. Strongly Coherent Structure Transfer microbubbles to and away from
the wall;the wall;

2. Quasi-streamwise vortical structures in connection with lift, gravity
(and…) induce microbubble segregation (not shown in detail);(and…) induce microbubble segregation (not shown in detail);

3. Strong influence of Force Modelling;

(a) Lift mainly responsible of such preferential concentration;(a) Lift mainly responsible of such preferential concentration;

(b) Wall effects extremely significant;

4. Not much turbulence increase/attenuation. Strong effect of buoyancy

5.  High potentials of DNS+Lagrangian tracking for understanding
physics and modelling;

6. Lack of accurate force models for microbubbles (wall effects?);6. Lack of accurate force models for microbubbles (wall effects?);

7. Currently only few works with DNS and Lagrangian tracking. Difficult! 
Yet needed to explore.Yet needed to explore.



SummarySummarySummarySummary and and and and conclusionconclusionconclusionconclusion of of of of LectureLectureLectureLecture 6666

• What have we learnt in today lecture:• What have we learnt in today lecture:

1 Some interesting physics… who can explain?

2 Microbubbles? Interesting applications and difference with microparticles.2 Microbubbles? Interesting applications and difference with microparticles.

3 Update on Homeworks and Project.


