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High resolution 2-D fluorescence imaging of gas transfer
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Measurement principles Components Preliminary results
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Fig 1: Schematic steady state concentration profiles in air and water over Fig 3: Absorption and emission spectra of Pyranine and filtered LED spectra

depth. and camera sensitivity window.
Transformation of a concentration gradient into a gradient in
pH/fluorescence [1]: » Indicator (Pyranine [2]):

* Invasion of ammonia (alkaline tracer) from air to water: ~ pH dependent fluorescent dye with pK; = 7.3

> Solved and dissociated in slightly acid water (pH = 4) » Light source (wavelength = 430- 540 nm) and Fluorescence:
. . - To reduce acid fluorescence; filtered below 440 nm |
NH, + H3O —NH, + H,0 - To reduce direct reflections; filtered above 490 nm and camera N, _ ot
> Equal opposite fluxes of hydrogen and ammonium sensitivity range is filtered by an additional band pass filter Fig 6: Simultaneous and collocated gas (left) and heat (right) visualization at
. : : 3.5m/s.
* Increase of air side ammonia concentration:
~pH value reaches 7 at the surface Simulations - First test measurements conducted at a small linear wind-wave facility at

- Formation of an alkaline layer different wind speeds

- Visualization by a fluorescent pH indicator 0 4
4 P — Iy = 107" mol/ J » Only fluorescence from the surface layer is visible

|l = 107> mol/! - - technique is applicable to wind-wave tanks
=107 mol/
_ 10”7 mol/l ' | » Simultaneous and collocated measurements of heat and gas exchange

_ - same structures, maybe sharper due to lower diffusivity of heat or
J better resolution of sSCMOS camera

Experimental set-up
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Fig 4: Simulated depth profiles of the normalized intensity for different
concentrations (a) NH, , = 2.5e-4 mol/l, (b) I,,; = 10e-6 mol/l and (a,b) pH,,; = 4.

Optical set-up:

* 50 blue high-power LEDs
 high-resolution (0.1 mm),
high-speed (100 ms) sCMOS
water camera
Fig 2: Sketch of the set-up containing a
sCMOS camera and blue high power LEDs.

Controlled change of the
thickness of the alkaline layer to
investigate the depth
dependence of turbulent eddies

* Numerical simulation using autoprotolysis, mass and charge conservation

» Depth profiles are simulated with the surface renewal model [3]
—> To find best concentration of indicator,ammonia and starting pH value

Fig 7: Set-up at large wind-wave facility, Aeolotron.
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