
Results and perspectives

Perspectives
 Conditional study of turbulent transport in 16 types based on the signs of u’,v’,w’ 

and c’

 Identification of main contributor to turbulent mass flux
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Experimental setup

Controlled turbulence with almost no mean flow is generated by an oscillating
grid as for Hopfinger and Toly [1]. Non invasive multipoint optical techniques are
then applied to a small region under the surface to study simultaneously velocity
and concentration fields.

BPLIF Measurements

Application of BPLIF technique shows 
that scalar structures are a complex 
combination of « surface renewal » 
and « injection » events  [2,3,4]
Injection = high [𝐶𝑂2] liquid taken 
from the diffusion layer and brought 
to the bulk 
Renewal = low [𝐶𝑂2] liquid replacing 
saturated fluid at the interface

෨C at 𝑓𝑔𝑟𝑖𝑙𝑙𝑒 = 1𝐻𝑧, 𝑓𝑎𝑐𝑞 = 4𝐻𝑧, 𝑓𝑣𝑖𝑑𝑒𝑜 = 8𝐻𝑧

SPIV measurements
Evidence of 3D velocity structures (instantaneous fields)

Simultaneous measurements
Correlation between 2D, 3D, and scalar structures

𝟏 𝒄𝒎. 𝒔−𝟏

Example of each type of event’s probability as a function of depth for a given number of events

4 variables, var > 0 or var < 0 → 24 = 16 Types 

Gas dissolution at high Schmidt number for stratified
gas-liquid interfaces with a turbulent liquid side is of
great interest in many environmental and chemical
applications. It is well established [2,3,4] that most of the
mass transfer is ruled by events happening in very thin
sublayers under the interface (𝛿~10 𝑡𝑜 0.1 𝑚𝑚). Only
few studies were achieved with a sufficient resolution to
describe the events in some of these sublayers [3,4], and
none has considered the probable influence of 3D
velocity structures on scalar transport.

Case studied: Gaseous CO2 dissolution into water at a flat interface with 
bottom shear turbulence on the liquid side.

Velocity measurements – SPIV
Stereoscopic Particle Image Velocimetry 
(SPIV) – 2D 3C

e :                                         Laser sheet thickness

𝒅 = 𝒅𝒙, 𝒅𝒚, 𝒅𝒛 𝒙𝒚𝒛
:        Real displacement in absolute space(3D)

𝒅𝒊 = 𝒅𝒊𝒙𝒊, 𝒅𝒊𝒛𝒊 𝒙𝒊𝒚𝒊
:        Displacement measured on sensor i in space i (2D)

α :                                         Stereo inclination angle

Concentration measurements
Acidification of water by CO2 dissolution →  Decrease in fluorescence intensity

𝑰 = 𝒇(𝒑𝑯)𝑪𝑶𝟐 = 𝒇(𝒑𝑯)

Generation of turbulence with an 
oscillating grid

RMS of Horizontal and vertical velocities and 
the integral length scale of turbulence 
𝐿∞ are given by [1]:

• 𝑢𝑅𝑀𝑆
′ = 𝐴. 𝑧1

−1 ;  𝑤𝑅𝑀𝑆
′ = 𝐶2𝐻𝑇𝑢′

• 𝐴 = 𝐶1𝐻𝑇𝑓𝑆
1,5𝑀0,5

• 𝐿∞ = 𝛼𝑍1

 No longer valid when approaching the 
interface (surface influenced layer)

𝟏 𝒄𝒎. 𝒔−𝟏
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