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The Heidelberg Aeolotron

The World’s Largest Annular Wind-Wave Tank in Operation
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annular shape

diameter: ~10 m
flume width:  6lcm
flume height: 240 cm
water level: ~100cm
wind speed ujo: <22 m/s

thermally insulated
air-tight

air conditioning

bubble generator
(porous tubes)
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The Heidelberg Aeolotron

The World’s Largest Annular Wind-Wave Tank in Operation

55m porous tube

| 1000 pores per meter
1>100 |/min bubble flow}
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—
N

—_
o

(00)

wind speed uyq [M/s]
I o

Preliminary results of the SOPRAN seawater gas exchange experiment in the Heidelberg Aeolotron K.Krall et al. 2015/05/21



A typical evasion experiment

Evasion of N,O - concentration time series and transfer velocity

—
N

—_
o

(00)

wind speed uyq [M/s]
I o

- water side

concentration

- DD N WO W
O O U O O;
o O O O O
o O O O O

water side concentratio

Preliminary results of the SOPRAN seawater gas exchange experiment in the Heidelberg Aeolotron K.Krall et al. 2015/05/21



A typical evasion experiment

Evasion of N,O - concentration time series and transfer velocity

—
N

—_
o

(00)

wind speed uyq [M/s]
EEN (0))

N
(o)
o

N
o
o

air side concentration [ppm]
o a1
o o

- DN N
o O O
o O O
o O O

water side concentration [ppm]

(o)
o

o

Preliminary results of the SOPRAN seawater gas exchange experiment in the Heidelberg Aeolotron K.Krall et al. 2015/05/21



A typical evasion experiment

Evasion of N,O - concentration time series and transfer velocity

—
N

—_
o

(00)

wind speed uyq [M/s]
EEN (0))

W W
o U
o O
o O
N
o
o

air side concentration [pp
— —
o (@) ]
o o

- DN N
o O O
o O O
o O O

water side concentratio

(o)
o

o

Preliminary results of the SOPRAN seawater gas exchange experiment in the Heidelberg Aeolotron K.Krall et al. 2015/05/21



A typical evasion experiment

Evasion of N,O - concentration time series and transfer velocity

—
N
1
)®)
o

—_
o
—_
o
o

(0]
(0]
o

transfer veIOCIty ffffffffffffffffffffffffff ,,,,,,,,

N
N
o

wind speed uyq [M/s]
(0))

transfer velocity [cm/h]
(0))
o

N
o

0

N
o
o

air side concentration [pp
— —
o (@) ]
o o

- DN N
o O O
o O O
o O O

water side concentration [ppm]

(o)
o

o

Preliminary results of the SOPRAN seawater gas exchange experiment in the Heidelberg Aeolotron K.Krall et al. 2015/05/21



Transfer Velocities
of NoO and C;HFs - Schmidt number scaling

Schmidt number
scaling:

kA SCA "

ks \ Scs

c
S~
=
O,
'
>
=
&)
9o
o
>
| -
O
o
N
C
©
| -
e

Preliminary results of the SOPRAN seawater gas exchange experiment in the Heidelberg Aeolotron K.Krall et al. 2015/05/21



Transfer Velocities
of NoO and C;HFs - Schmidt number scaling

Schmidt number
scaling:

kA SCA @

ks \ Scs

c
S~
=
O,
'
>
=
&)
9o
o
>
| -
O
o
N
C
©
| -
e

Preliminary results of the SOPRAN seawater gas exchange experiment in the Heidelberg Aeolotron K.Krall et al. 2015/05/21



Transfer Velocities
of NoO and C;HFs - Schmidt number scaling

Schmidt number
scaling:

kA SCA @

ks \ Scs

is used to calculate
the Schmidt
number exponent
n

c
S~
=
O,
'
>
=
&)
9o
o
>
| -
O
o
N
C
©
| -
e

use this n to scale
to keeo

Preliminary results of the SOPRAN seawater gas exchange experiment in the Heidelberg Aeolotron K.Krall et al. 2015/05/21



Schmidt number exponents

calculated using the tracer combination N,O and CyHFs
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Water surface roughness
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kKeso from measured k of N,O

comparison with previous studies
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Toward a universal relationship between wind speed and gas exchange: Gas transfer velocities measured with 3He/SF6 during the Southern Ocean Gas Exchange Experiment, 201 |
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Surface activity

compared to field studies
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Bubble enhancement
SFe, Krypton, N2O, CH3Cl

additional gases: only water side concentration measured
use exponential decrease of water side concentration to calculate k
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Summary

transfer velocities of a large number of gases were measured in parallel in a
controlled lab setting at wind speeds between |.5 and 2| m/s using sea water
taken from the North Atlantic

the Schmidt number exponent n transitions from 2/3 (smooth surface) to 1/2
(wavy surface)

up to ujo ~ 6 m/s, the gas transfer velocity is suppressed to |/3 compared to a
clean water surface

surface active material hinders wave formation up to ujo ~ 6 m/s

additional bubbling enhances the gas transfer velocity depending on the tracer’s
solubility

to do: in depth analysis of the underlying physics, model comparisons as well as
synthesis with surface microlayer characteristics measurements
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