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Momentum fluxes and energy dissipation
 in wind-forced breaking waves
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Wind-forced breaking waves

Veron F., Annu. Rev. Fluid Mech., 2015

Waves and wave breaking modulate the exchanges 
of momentum, energy and mass at the ocean-atmosphere interface

Change in surface topography + spray formation: 
modulation of mass, momentum and heat transfer
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Using high fidelity numerical simulations to study
 wind-forced breaking waves

Part 1: Effect of wave breaking on momentum fluxes
 Scapin et al. 2025 - JFM

Part 2: Effect of wave breaking on underwater turbulence
 In prep.

Methodology:
• Fully-resolved simulations (both in time and space) of two-phase 

turbulence flow
• We solve the “native equations” (Navier-Stokes equation with surface 

tension) without subgrid models or prescribed wave motion
• Open-source implementation available at http://basilisk.fr/
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Part 1: Exchanged momentum fluxes (1/2)
 

 

 



5

 

 

 

 

Sroka  & Emmanuel (JPO, 2021)

Part 1: Exchanged momentum fluxes (2/2)
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u*/c = 0.9

 

 

Wave energy curve
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Streamwise momentum budget in the air

Momentum fluxes/exchanged forces
 

Growing stage: increase in the pressure force

Breaking stage: drop in the pressure force

the compensation for pressure force comes from 
the change in the mean flow and partially from the 

viscous contribution
Airflow modulation
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Airflow modulation
Streamwise velocity profile (in a wave-following coordinate) during the pre-breaking G1, breaking 
and post-breaking stages G2,a

 
Drag reduction
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During the breaking: (1) reduction of the pressure force, (2) flow acceleration in the region close 
to the wave field    
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Drag coefficient over breaking waves 

 

Using the classical definition of the drag coefficient in physical oceanography

 

 

Extracted 
from the 

velocity profile



11

Part 2: Wave breaking-induced dissipation
when wave break: energy is dissipated and transfer into the water column  

Enhanced turbulence dissipation

How wave breaking modulate the underwater dissipation?

Large scatter of field data for the dissipation

Sutherland & Melville (JPO, 2015)
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Wave breaking-induced dissipation (1/2)

 

 

 

Wave breaking promotes the transition 
of the dissipation profile!
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• Numerical results are compatible 
with the field data at the lowest 
wave age near the surface

 

• This suggests the following scaling

 

 

Scaling the underwater energy dissipation (1/2)
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Scaling the underwater energy dissipation (2/2)

  

• Wall-layer scaling: just based on wall-
layer arguments: no good collapse of the 
different simulation results

 

Wall-layer scaling Proposed scaling
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Conclusions
 

N. Scapin et al., “Momentum fluxes in wind-forced breaking waves”, Journal of Fluid Mechanics

N. Scapin et al., “Growth and dissipation in wind-forced breaking waves”, to be submitted in 
Geophysical Research Letters
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Wind-wave interaction problem: physical parameters

 

 

 

 

Fully-resolved direct numerical simulations 
using Basilisk solver (http://basilisk.fr/)

Motion of the wave field not prescribed nor 
sub-grid model for turbulence
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Configuration set-up

• Initial condition in Air: fully-developed turbulence
• Initial condition in Water: potential flow solution of a third-order Stokes wave.
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Numerical methodology

Main features of the numerical algorithm:
• Sharp-interface formulation for the interface advection (geometric VoF)
• Momentum consistent formulation to ensure robustness at high density ratio
• Well-balanced formulation to avoid artificial parasitic currents at the interface
• Adaptive mesh-refinement (AMR) techniques based on wavelet transformation

Direct solution of (1) continuity equation (incompressibility constraint) with (2) the momentum 
equation for a two-phase system

Basilisk: Open-source implementation available at http://basilisk.fr/
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