


Bubbly Flows

orocesses, both in nature and in
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&5 Hydrogenations, carbonylations.
&5 Fischer-Tropsch synthesis.
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Motivating Example
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Dimensionless concentration profiles of dissolved
gas.



Objectives

reacting bubbles.



Transport in Bubbly Flows

O Gas-liquid interaction
1 Acoustic interactions
O Surfactant adsorption



Front-Capturing Method*

Fixed grid

* Gretar Tryggvason, WPI

Tryggvason et al., J. of Comp. Phys., 169, 2001



Model Equations

& A single set of

onservation equations are solved for
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Model Equations




Material Transport

a high-order continuity-preserving scheme.
- Details on the scheme can be found in Koynov et al., AIChE J., 2005.



Single Bubble
(hydrodynamics)

Re,=38 & Internal Re, =68

circulation
&0 Closed, &0 Vortex-

steady wake shedding wake




Wake Transport

T Channel

vortex and creating a
hyperbolic /elliptical
pair.




Hamiltonian Scattering

Massless particles injected in the steady asymptotic
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Front Evolution




Front Evolution
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Koynov and Khinast, Chem. Eng. Sci., 2004



Single Bubble

(mass transfer)

[ NEREEEEEREE
E==0

0
& Closed, & Steady, &° Vortex-shedding
steady wake recirculating wake

wake

Sc=400; E06=3.125,



Single Bubble

(mass transfer)

o 170503 03:26:55 0001 -0052,4[m=] PACCAM-1000 500 Ha

Model results Experimental results (courtesy of M. Schllter
et al. — Institut far Umweltverfahrenstechnik,

Bremen, Germany) —
Koynov et al., submitted to Nature, 2005 Sc=400; E6=3.125,



Bubble Swarm
(mass transfer)

Swarm of 4 bubbles
r=3.5

Sc=400; E6=3.125,
Mo=1.2-10-3

Koynov et al., AIChE J., 2005.

Swarm of 16 bubbles
r:r,:r;=2.5:3.5:4.5
Sc=400; E6=3.125,
Mo=3.1:-104




Mass Transfer

*Redfield and Houghton, Chem. Eng. Sci., 20, 2001



Mass Transfer
(swarms)




Chemical Reactions
(single bubble)

Re, =68
(vortex-shedding wake)

Re, =8
(steady wake)

A+B(g) — R

Da,=0.25

R+A— S Da,/Da,=10

Sc=400; E6=3.125,




Chemical Reactions
(swarms)

Same size bubbles

Smaller bubbles in the wake of a large bubble



Selectivity

Dimensionless time



CDF in BRE

& In many Dbiological

bioremediation Sl
plants.

include bioreactors, é 1
fermentors and | i >




Modeling of Aerated
Cell Suspensions

Considerations:

stress (even at levels too low to cause membrane rupture)
can lead to and
eventually to cell death through necrosis or apoptosis.



Modeling of Aerated
Cell Suspensions

oxygen transport and depletlon and ceII advection are
carried out for different bubbly flows.

Over 500,000 individual cells are tracked.



Modeling of Aerated
Ce" SuspenSions Born et al., Biotech. and Bioeng.,

40, (1992)

Membrane Rugture:

If the cell tension o exceeds ETF c_ > Vol the cell will be

a given bursting value, o, i.e. D b destroyed.
b

To simulate biodiversity, bursting tensions of the
cells obey a random Gaussian distribution



Modeling of Aerated
Cell Suspensions

0, if co>R,

If the cell damage exceeds a certain

H. = o o, — R critical value, the cell is destroyed.
d, = if co,<R,

K (&

To simulate biodiversity, y. values obey a random Gaussian
Aictrilhiitinn



Cell Damage —
Steady Wake

Shear caused
damage

Hypoxia caused
damage

Re=8, Sc=400




Cell Damage —
Vortex-Shedding Wake

Shear caused
damage

Hypoxia caused
damage

Re=68, Sc=400




Shear Damage
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Vortex-shedding results in flow-fields, characterized by higher shear and
causing damage to more cells than the ones encountered in the steady
wakes.



TA'N @ | AN\ v

——wortex-shedding

——steady

20

15

Time

10

Hypoxia Damage

1.4E-03

1.2E-03
1.0E-03
8.0E-04
6.0E-04 |
4.0E-04
2.0E-04
0.0E+00

n , e
‘
=
> —
— ‘
% d
' 3 g
.
_ .
.
. , )
- | q —
abeweq

Mean damage over time

(due to hypoxia)



Conclusions
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&> In suspensions of cells, the differences in

can result in different rates of

cells.
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Loss of Volume
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I Bubble Shapes

Three dimensionless numbers determine bubble shape :
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Figure 2. Interpolation of the velocities from the coarse onto the fine grid:

a.) interpolation of the velocity at the east face of the fine cell from the coarse values;

b.) interpolation of the velocity at the south face of the fine cell from the coarse values;

c.) interpolation of the velocity derivatives in the center of the fine cell from the coarse values;
d.) computation of the west and south face velocities.



