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* Sea surface is smoother in surfactant-concentrated area
 Surfactants influence the data collected by a scatterometer and its interpretation

* Goal: understand how surfactants influence the small-scale waves
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What are surfactants?

 Compounds that lower the surface tension between two substances
* Unique molecular structures with hydrophilic head and hydrophobic tail

e Surfactants come from
* active biological production in the sea surface microlayer
* human-made pollution

Reduced surface tension
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Dynamic effects of surfactants

* Tears of wine * Marangoni flow
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Problem set-up: first without the surfactant

a
Wave amplitude

Deike, L., Popinet, S., & Melville, W. K. (2015). Capillary effects
on wave breaking. Journal of Fluid Mechanics, 769, 541-569.
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k =2/
Wavenumber

Initial condition:
e 3rdorder stokes wave

0o ) Liquid viscosity

Surface tension Reynolds number fixed

Re = /g’ /v

Controlling parameters:

Wave steepness € = ak
Bond number Bo = Apg/ (o0k?)



Slope and Bond number control the wave shape
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Deike, L., Popinet, S., & Melville, W. K. (2015). Capillary effects
on wave breaking. Journal of Fluid Mechanics, 769, 541-569.
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Problem set-up: with surfactant
%‘. i Surfactant isotherm i

a
Lb wave amplitude j 2

k =2/
wavenumber

Controlling parameters:

i Initial condition: i
' » Uniform distribution of
' surfactants I'(x, t) = I} .
e e e e e e e ! B reflects how surfactants ;

' |

,  change surface tension

Wave steepness € = ak
Bond number Bo = Apg/ (ook?)



Erinin, M. A., Liu, C,, Liu, X., Mostert, W., Deike, L., &
U(xa t) = 0y (1 - ta.nh(/ﬂ“(x, t)/FO)) Duncan, J. H. (2023). The effects of surfactants on
plunging breakers. Journal of Fluid Mechanics, 972.

Effective Marangoni stress due to
the surface tension gradient

Surface tension change when
compress interface

20

—A/A() € [03 1]
—AfA; € [05,1]

1
B
Small f~0.01: clean water, small Marangoni stresses

0.5

. _ Intermediate f~0.3: TX1, maximal Marangoni stresses
TX: Triton X (one type of surfactant used in the lab)

Large f~2: TX6, small Marangoni stresses 8



Approach: direct numerical simulations

Two phase Navier-Stokes equation:

ou 1 rog PRI

a_f + V- (ULI) = ; [—V[) + V. (,u(Vu + Vul ))] —|-E ihﬂbﬂ"‘i()svs’} ] Marangoni stresses
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V-u=0,

Surface tension
Volume of fluid method to resolve interface:

oT .

E- +Uu- VT = ().
Advection-diffusion equation for surfactant transport:
ar

+ V- (Tug) + (Vs -n)(u-n) = D,VET (Advection dominated)

ot Basilisk, Partial
Differential
Farsoiya, P.K., Popinet, S., Stone, H.A. and Deike, L., 2024. A coupled Equations solver

Volume of Fluid-Phase Field method for direct numerical simulation of

insoluble surfactant-laden interfacial flows and application to rising bubbles. Popinet, 5. (2009) ). Cor%put. Phys.
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Conclusions

 Surfactants change the wave shape: shift SB to PB and damp parasitic
capillary waves

 Surfactants influence wave dynamics through Marangoni stresses (surface
tension variation) and reduced surface tension

* Understand how surfactant influence the surface profile will help interpret
the scatterometer data

Scatteromemter

Ocean roughness N
interpretation

Surfactants / For wind speed, direction, sea state etc.
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