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Introduction
°

Morphology of clean and surfactant-laden droplets in turbulent flows

CO, absorption®

Wave breaking on the coast of Okinawa® 1mm water & glycerol film with 15m/s airflow.

9Merlivat, L., & Memery, L. (1983).

// bPhoto credit: Linda Gietka
= “Kant, P, Pairetti, C., Saade, Y., Popinet, S., Zaleski, S., & Lohse, D. (2023).
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Introduction
°

Morphology of clean and surfactant-laden droplets in turbulent flows

CO, absorption®

Wave breaking on the coast of Okinawa® 1mm water & glycerol film with 15m/s airflow.

[ What is the morphology of droplets in turbulence? ] [ How do surfactants affect morphology? ]

9Merlivat, L., & Memery, L. (1983).

C/%/ bPhoto credit: Linda Gietka
= “Kant, P, Pairetti, C., Saade, Y., Popinet, S., Zaleski, S., & Lohse, D. (2023).
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Method
0

Numerical method

We use the in-house solver Fujin.
Fluid motion¢,

Ju
p5; +Pu-Vu=—-Vp+V. [t(Va+Vu")]|+ V- (z.f,) + 1,
V-u=0, (1)
Droplet motion®,
9¢
< +V.(up) =0, (2)
ot
Surfactant motion/,
9P
Srhu VY=V (M), ®)
Surface tensions,
fa = max[o'min’ Cr0(1 + Bs log(l - ¢))] (4)
dEswaran, V., & Pope, S. B. (1988). Compuiers & Fluids, (3).
°Ii, S., Sugiyama, K., Takeuchi, S., Takagi, S., Matsumoto, Y., & Xiao, F. (2012). Journal of Computational Physics, (5).
// fEngblom, S., Do-Quang, M., Amberg, G., & Tornberg, A. (2013). Conmin. Comput. Phys. (4).
= &Muradoglu, M., & Tryggvason, G. (2008). Journal of Computational Physics. (4).
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Method
(o] J

 Tri-periodic domain with 500 X 500 X 500 grid points.

« Six simulations with three values of surface tension, and two surfactant concentrations.

« Hinze-scale dy = 0.72503/%p3/5¢2/5,

"Hinze, J. 0. (1955).
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Method
(o] J

 Tri-periodic domain with 500 X 500 X 500 grid points.

« Six simulations with three values of surface tension, and two surfactant concentrations.
o Hinze-scale? dy = 0.725(a)3/5p=3/5¢72/5,

"Hinze, J. 0. (1955).
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Results
®000000

Counting droplets
case ¢ @) We
NI 0 0 -
, , , 01 0 10
10°F 3 20 ® 01 0 20
/ C4 ® 01 0 40
al 6 ] 01 01 5
10 ‘8'3. SI0 ¢ 01 01 10
8 84 S20 4 01 01 20
10—2 L ¢ s 8 & ‘ |
~ We, ¢4 » We use a flood-fill algorithm to count the
S P10 2 50 $ droplets?.
R 1073 i I:t lax104 * : $ 3 . ?\Lrquace tension o |, number of droplets
° :
1074k L ¥ _ 4 N ¢ : E » Define a volume-based diameter for each
I * 1x10 :6 © droplet, d = (6V /7)!/3.
105k . . 15x103 : J
—2 =T 0
10 10 10 Newman, W. & Sproull, R. (1979).
// d/L McGraw-Hill, Inc.
4 bDeane, G. B., & Stokes, M. D. (2002). Naiure.

Tanto Cannon, Droplet morphology in turbulence



Results

0000000
Counting droplets
case ¢ @) We
Sp @ 0 0 -
0.1 0 10
1 c2o © 0.1 0 20
107k C40 ® 01 0 40
0.1 0.1 5
9 S10 ‘ 0.1 0.1 10
1077 S20 ¢ 01 01 20
R, 1 0_3 | » We use a flood-fill algorithm to count the
Q 10 droplets?.
a [T « Surface tension ¢ |, number of droplets
1074¢ N1
L « Define a volume-based diameter for each
s droplet, d = (6V /7)!/3.
1077 L « d < dy: coalescence.
i « d > dy: breakup®.
Newman, W. & Sproull, R. (1979).
// McGraw-Hill, Inc.
4 bDeane, G. B., & Stokes, M. D. (2002). Naiure.
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Results
[e]o] le]e]e]e)

What shape are the droplets?

«~—1.0—
« I, and I; are the

smallest and
largest
moments of
inertia.

Aspect ratio \/I, /I, 0.946 0.633 0.905
Sphericity d/d, 0.999 0.965 0.701

o Area-based
diameter for
each droplet,

d=+A/m.
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Results
[e]o] le]e]e]e)

What shape are the droplets?

«—1.0— «~—1.0—

« I, and I; are the
smallest and
largest
moments of

Aspect ratio \/T, /T 0.946 0.633 0.905 inertia.
.. « Area-based
Sphericity d/d, 0.999 0.965 0.701 diameter for
10 . each droplet,
0.9} -,““- ] d=+A/x.
L
708 ¢ 1 o o » d << dy aspect
1_;07_ e o ratio — 1.
‘ to, “’..: « d = dj; droplets
001 ", o] are extended.
$
0.5} et ] « d >> dj; aspect
0 . 5 . ratio — 1.
4 ; 10 10 10
Z i
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What shape are the droplets?

Results
[e]o] le]e]e]e)

—1.0— «~—1.0—
4
Aspect ratio \/I, /I, 0.946 0.633 0.905
Sphericity d/d, 0.999 0.965 0.701
1.0
1.0 "M
0.9¢ 6% %% '
tey s .30'
7,08 R . 4 08 ’p‘
Iy oo o ¢ i 10 ¢
0.7 o N 0'
e e 0.6 €20 ()
0.6} 4 R ¢ o C10 ?.
[ $20 (X
0.5 Tl 0.4 S10 ",
S05 *
0,
y 1071 107 107 10T 100 107
(/d d/d d/d

I, and I; are the
smallest and
largest
moments of
inertia.

Area-based
diameter for
each droplet,
d=+A/m.

d << dy aspect
ratio — 1.

d = dy droplets
are extended.

d >> d; aspect
ratio — 1.

d > dy area 1.

Tanto Cannon, Droplet morphology in turbulence

av




Results
0O00@e000

What is the area of the droplets?

3l o’ X ]
10 % -
q,%\&\ JRad
2 1L 2l |
@ 10 |
» d < dy: spheroids.
« d > dy: filaments with diameter dj.
1071} 1
/‘
107* 10° 10t
d/dy
%
=
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Results
0O000@00

« The large droplets are filamentous.

1.0
0.9 0, %%,
Pey
]
T 0.8 ‘. ‘.0 °
I3 0" 3
0.7 °
‘o, :’
h (2L
0.6 ’t ’O' °
0.5 Sppt?
T 07 1ot
d/dy

« Aspect ratio — 1 implies the filaments must be
coiled.

Z
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Results
0O000@00

« The large droplets are filamentous.

1.0
0.9 '.. e,
$4.6
0‘ ‘ ‘o
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T o9 ’
0.7 °
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0.6 ”t ’O' °
0.5 Sppt?
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d/dy

« Aspect ratio — 1 implies the filaments must be
coiled.
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Results
0000080

How to count the number of handles?

We compute the Euler characteristic! of the droplet interfaces.

x=n—e+f ©)

»_ 4B

x=0 xX=2 x=4
Thus obtaining’ the number of handles h and voids v.

X =2+42v-2h. (6)

// Massey, W. S. (1997). Springer.

= JMendoza, R., Thornton, K., Savin, 1., & Voorhees, P. (2006). Acia Mater, (3).
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Results
000000

How many handles and voids are there?

—4 . .
10 107! 10° 10!

d/dy

h = 0.04(d/dy,)?

« Constant number of handles per unit length of
filament.
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Results
000000

How many handles and voids are there?

103 - - - 103 T - - -
10%} 10?
10t} 10t
0
p o 100 , 10
101} 107!
1072} 1072
1078 10}
4 505 -4 h:. uod
10 0T 107 107 Wood* 0001 02 05
d/dy d/L
h =0.04(d/dy)? v = 500(d/L)?
- Constant number of handles per unit length of + Constant number of voids per unit volume of
filament. droplet.
%
=
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Conclusions

Conclusions

» Average surface tension can be used to define the Hinze
scale dj; in surfactant-laden flows.

Z

= JCannon, I., Soligo, G., & Rosti, M. E. (2024). Journal of Fluid Mechanics
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Conclusions

Conclusions

» Average surface tension can be used to define the Hinze
scale dj; in surfactant-laden flows.

= Droplets smaller than d; are spheroidal.

Z

= JCannon, I., Soligo, G., & Rosti, M. E. (2024). Journal of Fluid Mechanics
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Conclusions
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Conclusions

» Average surface tension can be used to define the Hinze
scale dj; in surfactant-laden flows.

= Droplets smaller than d; are spheroidal.
- Droplets larger than dy; are filamentous

Z

= JCannon, I., Soligo, G., & Rosti, M. E. (2024). Journal of Fluid Mechanics
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Conclusions
L]

Conclusions

» Average surface tension can be used to define the Hinze
scale dj; in surfactant-laden flows.

= Droplets smaller than d; are spheroidal.
- Droplets larger than dy; are filamentous

Thank you!

Z

= JCannon, I., Soligo, G., & Rosti, M. E. (2024). Journal of Fluid Mechanics

Tanto Cannon, Droplet morphology in turbulence



References

Bibliography I

E
[
El
[
El
[
[
g

Cannon, I, Soligo, G., & Rosti, M. E. (2024).Morphology of clean and surfactant-laden droplets in homogeneous
isotropic turbulence.

Deane, G. B., & Stokes, M. D. (2002).Scale dependence of bubble creation mechanisms in breaking waves.

Engblom, S., Do-Quang, M., Amberg, G., & Tornberg, A. (2013).0n diffuse interface modeling and simulation of
surfactants in two-phase fluid flow.

Eswaran, V., & Pope, S. B. (1988).An examination of forcing in direct numerical simulations of turbulence.
Hinze, J. O. (1955).Fundamentals of the hydrodynamic mechanism of splitting in dispersion processes.

Ii, S., Sugiyama, K., Takeuchi, S., Takagi, S., Matsumoto, Y., & Xiao, F. (2012).An interface capturing method with a
continuous function: The THINC method with multi-dimensional reconstruction.

Kant, P, Pairetti, C., Saade, Y., Popinet, S., Zaleski, S., & Lohse, D. (2023).Bag-mediated film atomization in a cough
machine.

W W. S. (1997). A basic course in algebraic topology (Corr. 3rd print).

Tanto Cannon, Droplet morphology in turbulence 13/12



Bibliography II

Mendoza, R., Thornton, K., Savin, I., & Voorhees, P. (2006).The evolution of interfacial topology during coarsening.
Acta Mater., 54(3), 743-750.

Merlivat, L., & Memery, L. (1983).Gas exchange across an air-water interface: Experimental results and modeling of
bubble contribution to transfer. /. Geopliys. Res.-Oceans, 88(C1), 707-724.

Muradoglu, M., & Tryggvason, G. (2008).A front-tracking method for computation of interfacial flows with soluble

surfactants. Journal of Computational Physics, 227(4), 2238-2262.

Newman, W., & Sproull, R. (1979). Principles of interactive computer graphics. \V.cGraw-Hill, Inc.

orphology in turbulence

References




References

Interface curvature

Curvature x = x; + x, = 1/R.

oo a0 /’. b
107 o 20 LA LA K1
C10
d_ ¢ S10 100 101 )
H S05 ’/ 20 r . Gauss&ijllw(f:grgature.
1071¢ .y' £ .
7 wde 10f EE 1 - d<dy: R=d/4.
/’/ iim 'Y « d > dy: R = dy/2, with regions of
A 0 , e elldh negative curvature.
101 107 107
d/dg
%
—
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