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Condensation of water is important for cloud formation in meteorological 
and climate models. Condensation of carbondioxide is important in natural 
gas cleaning and CO2 sequestration. This study aims to experimentally 
investigate micro-droplet growth of water and carbondioxide in an expansion 
wave tube. A horizontal expansion wave tube was installed which can be used 
for the optical detection of microscopically small condensate droplets (see 
Figure 1). A 532 nm laser line-of-sight attenuation (LOSA) measurement is 
combined with 90 degrees constant angle Mie scattering (CAMS) to measure 
the concentration and growth of a cloud of condensate droplets over time. 
The condensation process is triggered by a rapid decrease of pressure and 
temperature in the setup where typical temperatures of  240 K are reached. 
This process is controlled by the pressure-time profile which can be selected 
to obtain a monodisperse cloud of droplets of identical size [1]. The measured 
CAMS signal displays a characteristic pattern of peaks and troughs that can 
be matched with the theoretical signal (see Figure 2). Background scattering 
from the walls must be considered. We find that for larger droplets also 
nonlinear multiple scattering effects become important. This latter effect can be 
accounted for by the introduction of a higher-order term that depends on the 
Lambert-Beer extinction of the laser light [2,3]. 
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Schematics of the expansion wave tube with high and low-pressure sections (HPS and LPS) and wave
pattern (left), and end section of the HPS with laser optics (right). Condensate droplets are formed by pressure
decrease in the HPS at x=0. Pressure decrease is initiated by rupture of the diaphragm that separates the HPS
from the LPS. This rupture generates expansion wave A. The local widening in the LPS is to deepen and end the
pressure decrease (waves C and D, respectively), causing a monodisperse cloud of droplets [1]. Photodiode D
and photomultiplier PM detect solid state laser (SSL) light extinction and scattering, respectively. 
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CAMS intensity plots. Droplet growth over time causes 
a characteristic Mie diffraction pattern. The discrepancy 
between experiment and theory (top) disappears if the 
full background scattering is taken into account (bottom). 
Lower droplet size detection limit is on the order of 0.1 
µm.


