
Droplet morphology in turbulence
TI2025, La Palma, Spain, 31 March 2025

Ianto Cannon1 Giovanni Soligo 2 Marc Avila 1 Marco Rosti 2

1ZARM - Center of Applied Space Technology and Microgravity, University of Bremen, Germany

2Complex Fluids and Flows Unit, Okinawa Institute of Science and Technology, Japan



Introduction Method Results Conclusions References

Morphology of clean and surfactant-laden droplets in turbulent flows

𝐶𝑂2 absorptiona

Wave breaking on the coast of Okinawab

Droplet breakup during coughc

1mm water & glycerol film with 15m/s airflow.

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

aMerlivat, L., & Memery, L. (1983). J. Geophys. Res.-Oceans, (C1)
bPhoto credit: Linda Gietka
cKant, P., Pairetti, C., Saade, Y., Popinet, S., Zaleski, S., & Lohse, D. (2023). Physical Review Fluids, (7)
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Numerical method

We use the in-house solver Fujin.
Fluid motiond,

𝜌𝜕𝐮
𝜕𝑡

+ 𝜌𝐮 ⋅ ∇𝐮 = −∇𝑝 + ∇ ⋅
[
𝜇
(
∇𝐮 + ∇𝐮𝑇

)]
+ ∇ ⋅ (𝝉𝒄𝑓𝜎) + 𝐟𝐬,

∇ ⋅ 𝐮 = 0, (1)

Droplet motione,
𝜕𝜙
𝜕𝑡

+ ∇ ⋅ (𝐮𝜙) = 0, (2)

Surfactant motionf ,
𝜕𝜓
𝜕𝑡

+ 𝐮 ⋅ ∇𝜓 = ∇ ⋅ (𝑀𝜓∇𝜇𝜓), (3)

Surface tensiong,
𝑓𝜎 = max[𝜎𝑚𝑖𝑛, 𝜎0(1 + 𝛽𝑠 log(1 − 𝜓))]. (4)

dEswaran, V., & Pope, S. B. (1988). Computers & Fluids, (3).
eIi, 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). Commun. Comput. Phys., (4).
gMuradoglu, M., & Tryggvason, G. (2008). Journal of Computational Physics, (4).
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Setup

∙ Tri-periodic domain with 500 × 500 × 500 grid points.
∙ Six simulations with three values of surface tension, and two surfactant concentrations.
∙ Hinze-scaleh 𝑑𝐻 ≡ 0.725𝜎3∕5𝜌−3∕5𝜖−2∕5.

𝑑𝐻 𝑑𝐻

case ⟨𝜙⟩ ⟨𝜓⟩ 𝑊𝑒
SP  0 0 -
C10  0.1 0 10
C20  0.1 0 20
C40  0.1 0 40
S05 ⧫ 0.1 0.1 5
S10 ⧫ 0.1 0.1 10
S20 ⧫ 0.1 0.1 20

hHinze, J. O. (1955). AIChE Journal, (3).
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Counting droplets
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case ⟨𝜙⟩ ⟨𝜓⟩ 𝑊𝑒
SP  0 0 -
C10  0.1 0 10
C20  0.1 0 20
C40  0.1 0 40
S05 ⧫ 0.1 0.1 5
S10 ⧫ 0.1 0.1 10
S20 ⧫ 0.1 0.1 20

∙ We use a flood-fill algorithm to count the
dropletsa.

∙ Surface tension 𝜎 ↓, number of droplets
𝒩 ↑.

∙ Define a volume-based diameter for each
droplet, 𝑑 ≡ (6𝑉∕𝜋)1∕3.

∙ 𝑑 < 𝑑𝐻 : coalescence.
∙ 𝑑 > 𝑑𝐻 : breakupb.

aNewman, W., & Sproull, R. (1979).
McGraw-Hill, Inc.

bDeane, G. B., & Stokes,M.D. (2002). Nature,
(6900).Ianto Cannon, Droplet morphology in turbulence 5 / 12
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What shape are the droplets?
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√
𝐼1∕𝐼3 0.946 0.633 0.905

Sphericity 𝑑∕𝑑𝐴 0.999 0.965 0.701
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∙ 𝐼1 and 𝐼3 are the
smallest and
largest
moments of
inertia.

∙ Area-based
diameter for
each droplet,
𝑑 ≡

√
𝐴∕𝜋.

∙ 𝑑 << 𝑑𝐻 aspect
ratio→ 1.

∙ 𝑑 ≈ 𝑑𝐻 droplets
are extended.

∙ 𝑑 >> 𝑑𝐻 aspect
ratio→ 1.

∙ 𝑑 > 𝑑𝐻 area ↑.
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What is the area of the droplets?
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∙ 𝑑 < 𝑑𝐻 : spheroids.
∙ 𝑑 > 𝑑𝐻 : filaments with diameter 𝑑𝐻 .
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Recap

∙ The large droplets are filamentous.
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∙ Aspect ratio→ 1 implies the filaments must be
coiled.

𝑑𝐻
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How to count the number of handles?

We compute the Euler characteristici of the droplet interfaces.

𝜒 = 𝑛 − 𝑒 + 𝑓 (5)

𝜒 = 0 𝜒 = 2 𝜒 = 4

Thus obtainingj the number of handles ℎ and voids 𝑣.

𝜒 = 2 + 2𝑣 − 2ℎ. (6)

iMassey, W. S. (1997). Springer.
jMendoza, R., Thornton, K., Savin, I., & Voorhees, P. (2006). Acta Mater., (3).
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How many handles and voids are there?
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∙ Constant number of voids per unit volume of
droplet.

Ianto Cannon, Droplet morphology in turbulence 11 / 12



Introduction Method Results Conclusions References

How many handles and voids are there?

10−1 100 101

d/dH

10−4

10−3

10−2

10−1

100

101

102

103

h
C40
C20
C10
S20
S10
S05

ℎ = 0.04(𝑑∕𝑑𝐻)3

∙ Constant number of handles per unit length of
filament.

0.02 0.05 0.1 0.2 0.5
d/L

10−4

10−3

10−2

10−1

100

101

102

103

v

𝑣 = 500(𝑑∕𝐿)3

∙ Constant number of voids per unit volume of
droplet.

Ianto Cannon, Droplet morphology in turbulence 11 / 12



Introduction Method Results Conclusions References

Conclusions

∙ Average surface tension can be used to define the Hinze
scale 𝑑𝐻 in surfactant-laden flows.

∙ Droplets smaller than 𝑑𝐻 are spheroidal.
∙ Droplets larger than 𝑑𝐻 are filamentous.k

Thank you!

𝑑𝐻

jCannon, I., Soligo, G., & Rosti, M. E. (2024). Journal of Fluid Mechanics
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Interface curvature

Curvature 𝜅 = 𝜅1 + 𝜅2 = 1∕𝑅.
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∙ 𝑑 < 𝑑𝐻 : 𝑅 = 𝑑∕4.
∙ 𝑑 > 𝑑𝐻 : 𝑅 = 𝑑𝐻∕2, with regions of
negative curvature.

Ianto Cannon, Droplet morphology in turbulence 15 / 12


	Introduction
	Method
	Results
	Conclusions
	References

