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Luminy: Laboratory Experiments on The Influence of
Breaking Waves on Air-Sea Gas Transfer
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The air-sea transfer velocities of gases are only known approximately. Breaking
waves are a major, but poorly understood, factor that enhances the air-sca
exchange of poorly soluble gases by at least three mechanisms:

1) Transfer associated through turbulence generated by breaking waves.

2) Transfer, while gas is within bubbles in the ocean.

3) Transfer across the sea surface when the microlayer has been disrupted by
bubbles bursting.

These mechanisms are investigated in experiments in the large air-sca interaction
simulation tunnel of IRPHE-IOA (Marseille, France) using combinations of
aeration devices, mechanical wave generation and wind. A number of gases with
widely varying solubilities and molecular diffusion constants have been measured
in order to investigate the functional dependence of the transfer. velocity. A large
number of physical parameters are measured including wind Stress, Wave
characteristics, whitecap coverage and bubble fluxes. The experiments .“'"h
aeration devices have demonstrated the remarkable efficiency of bubble-mediated
transfer (particularly for the least soluble gases) and the ability of bubbles 0 force
the supersaturation of dissolved gases. The experiments with wind and
mechanical wave generation have demonstrated the sensitivity .of wave breaking
to "sea state" at a fixed wind speed. The experiment has elucidated the role r(’f
breeking waves in air-sea gas exchange. Once it is recognised that gas tran® c;
velocities are sea state dependent, and this applies both to simulanoq fa.mlmcs a;\
the real world, it is necessary (o seek practical parameters for predicting trans r-‘-:
in addition to the wind speed or Stress. Thus, we must 'rclalc. gas/ ansie
coefficients to whitecap coverage, bubble statistics or energy disspation.
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