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Motivation and Goals|| Background fransiertes stance

The solubility of volatile tracers in water has an || Mass transfer through the air-sea boundary layer: et | RZ%

iImportant impact on the gas transfer rates  transfer velocit | (100-1000 microns)

between the atmosphere and the ocean. The F - OClty ~+ adding two resistances R_, and R,
. : = Ac:concentration difference | C =0Cy  C T .

velocity of the transport processes of highly | = as__swater | air sided and water sided boundary

o L : Ac across the boundary layers | [ _ rmcous mass boundary fayesUTace | . . .

soluble tracers is limited by diffusion in the air _ . T T ~layer Is similar to resistances in

sided boundary layer, while the water side = gas flux through interface i  electrical circuits:

boundary layer affects the tracers with a very low || * interface can be considered as a two-layer film model 5

solubility. Many important environmental trace || * bulk of each phase is well mixed by turbulence water phase R, ,—xR_.+R (1)

gases (e.g. acetone, acetaldehyde, acetonitrile) || ¢ thin layers where the transport is driven by molecular ZY

are driven by both processes. The combination diffusion - | | Example of a concentration ~* unlike in electrical circuits, the tracers

of (tjhehse pr(()chsEes hz_is n_ot yet bbeer_l mi/estlgated * at the interface is a jump in the concentration orofile of a tracer with the solubllity needs to be taken into

and the model that exists Is very basic [1]. C,.=0C, a :dimensionless solubility dimensionless solubility a= 4.  account[1]

Evaluation and Results

Air sided concentration time series of a high soluble tracer:

Experimental Setup

In a pilot study at the Aeolotron, an annular wind
wave facility, the transfer velocities of 16 tracers with
with a solubility range of more then five orders of
magnitude have been measured:

* an exponential fit yields the time constant
* by using a box model [2] and this time constant
the transfer resistance Is calculated

concentration acetonirile [pph]

* the wind speed varied between 1.4 m/s and 8.4 m/s

* at the start of each new wind speed the faclility was flushed
with fresh air for twenty minutes to stabilze the conditions
(e.g. waves)

Air sided concentration time series of a low soluble tracer:

* afterwards the facility was completly closed until the Rendered aerial view of the . » a linear fit yields the temporal change of the
concentration equilibrium was achived for air sided tracers t ‘S aj trati
L - - o Aeolotron, the world’s largest g racer's air concentration
* concentration time series of substances with low solubilities ! . 5 L e bv usi b del [21. this t | ch
- - operational annular wind-wave 2 5 y using a box model [2], this temporal change
were measured by a fourier transform infrared spectrometer facility :: of the tracer's air concentration, the air
(FT-IR) S | o . ) concentration and water concentration of this
* concentration time series of the gases with high solubilities tracer the transfer resistance is calculated
by a proton transfer reaction mass spectrometer (PTR-MS)
# pentafluorethane(ow=0,184) M trifluormethane(a=0,33) M20(x=0,59)
1
H D Transfer R '
¥
ow to Determine Transfer eS|stances -
O =
To determine the air sided transfer resistance of a tracer T: atervapor, — " measured transfer
- air-side control sthylpyrazinee | =01 | | | i | | | resistance of tracers
. . - i ladliee == . ape s
D:  diffusitivy of trace gas 10" = . with low solubilities.
- [DP\ L R"S: resistance of a highly . _metaols - : *
R . = R soluble substance jomomentum " aioniies
atr DT th I B ; 4\0‘!“ acetorié e ] 001
(e g . r.ne ano ) a m 0(\306\*" ébetaldehy'de__ I 1 5 ; . . c - 2 g
n:  Schmidt number exponent 5~ \5«\0 e, wind speed [m/s]
> (oo uo“g *
- . . _ E 3 phenylacetylene-‘"’"&"{ ® 2-butanone(a=470) 1. acetone(a=620) acetonitrile(a=1270)
To determine the water sided transfer resistance of a tracer T: & o' transmon e ® A butanol{c=2940) ¢ methanol(a=5380] scetaldehydela=342)
RT  — D RIS RS: reistance of a low soluble oL e 1-4-giguombenéie
water —| T substance (e.g. CHF,) NS (;";:jfe - measured transfer
| CHr — 6 3 resistance of tracers
. . . 10"  water—side control xou CHE 5ooo1 e & & * ith high solubiliti
* by adding the two calculated transfer resistances similar to : Jfre 1l = v % X o WIth nignh solubiites.
equation (1) the total transfer resistance of the tracer T can be i _ 05 e . s ® :
determined 0F ° °
* by comparing the calculated with the measured total resistance f ] 0.0001
. B | . 5 5 g% aaa] i % 5w wsag]
equation (1) can be proven T E— v o 1 2 : 4 5 : 7 : 5
Schmidt number Sc wind speed [m/s]
Outl OOk * environmental parameters such as temperature and surfactant coverage will be varied in further experiments together with the Max Planck Institute for
Chemistry, Mainz

* the new environmental conditions should then be included in equation (1)
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