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Executive summary

Secondary ice production (SIP) and mixed phase transitions are poorly understood processes in cloud

microphysics [2]. A cloud chamber study was conducted in an attempt to shed light on the intricacies of such

processes. As a secondary aim, intercomparisons of cloud microphysics instrumentation were also conducted

during the access period. Establishing intercomparison procedure is important for standardising, characterising,

and calibrating the instrumentation used for field studies and climate monitoring.

ECCINT (European Centre for cloud ambient Intercomparison) is one unit within the ACTRIS Topical Centre for

Cloud In Situ Measurements. ECCINT is within the implementation phase and should be operational by

2025/2026. Within ACTRIS, ECCINT will be responsible for the retrieval of integrating cloud probes, especially the

mandatory variables liquid water content and the droplet effective diameter. A secondary goal of this pilot campaign

described in here was to intercompare 3 cloud instruments which are potential Actris CIS-instruments under

“laboratory” conditions.

Scientific objectives

1) Assess the feasibility of replicating the Hallett-Mossop process in a cloud chamber between [1].

2) Create mixed-phase clouds between -20C and 0C and study the particle size distribution under controlled

conditions.

3) Perform an intercomparison of cloud microphysics instrumentation for possible implementation on mountain top

stations such as Sonnblick.

Reason for choosing station/ infrastructure

The AIDA cloud chamber is one of the largest in the world, which facilitates more realistic cloud particle size

distributions and decoupling from wall effects. This chamber is also the only one large enough to accommodate all

the instrumentation used.

Activities during the TNA (research, training, events, ...)

Training on cloud chamber use, and cloud chamber experiments.
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Method and experimental set-up

The DMT PVM instrument and the fog monitor instrument were installed inside the chamber, and the Pallas CDA

was installed on an outlet line. The PPD-2K was installed beneath the chamber with a pump capable of isolating

the instrument from the sampling line, so as not to evacuate the chamber outside of experiment time. There were

two Pallas Wellas systems with different gain settings, which were used both as a reference for the deployed

instrumentation, and to determine the ice number concentration within the chamber. Ice crystals are recorded as

larger sizes in the Wellas due to it's scattering geometry, since ice will scatter more light at 22 degrees in the zenith

direction.

A total of 30 experiments were conducted. The temperature data points were: -25C, -15C, -10C, -5C, and 5C. An

overview of the experiments is shown in S1.

Two types of clouds were generated: Expansion clouds, and spray clouds. The former involved evacuating the

chamber to a 850hPa after increasing the relative humidity to saturation using a Venturi nozzle, and the latter

involved using said Venturi nozzle to surpass saturation.

For the SIP replication attempts, snowmax was used as an ice nuclei. For these experiments, snowmax was

injected into the chamber through a second Venturi nozzle, once the cloud had been formed, care was taken so

as to not mix the two nozzles.
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Preliminary results and conclusions

Overview plots of the AIDA experiments are shown in S2 for each of the experiments described in S1. The

Temperature, pressure, and humidity throughout each experiment is shown.

First analyses of selected experimental runs are shown in Fig. 2-4. The maximum Mean Volumetric Diameter (MVD)

observed by the FM100 was around 17 μm for experiment 7 (Figure 4). The total cloud liquid water content (LWC)

of both instruments ranged between 0.4 (PVM maximum) and 1 g/m³ (FM-100 maximum).

Analyses of the cloud droplet spectra’s of CDA and FM100 are currently under investigation. Nevertheless first

results show lower MVD’s and lower number concentrations for the CDA-distributions compared to the FM100

spectra’s which results in significantly lower liquid water contents.

It was non-conclusive as to whether secondary ice production could be created reliably or not. This could have

been due to a number of reasons:

1) The rimers could not be generated with a large enough size.

2) The rimers did not exist in the chamber for long enough, and settled out quickly.

3) Not enough data were gathered within the appropriate temperature region region due to time limitations.

4) Scattering data were not good enough to observe the difference between a rimed droplet and any other cloud

particle. The inverse problem in light scattering for rimed droplets in non-trivial and the results here were non-

conclusive.

5) The cloud droplets generated were too small, or the wrong size distribution.

6) The scope of the project was far too broad.

With the data gathered during this experiment, the feasibility of a future cloud chamber study at AIDA focusing on

the Hallett-Mossop process has been increased. Holographic data would be useful to solve the closure problem in

the light scattering data. Light scattering is great for looking at the smaller rimed particles, but having the

holographic or imaging data to cement this in required for future studies. One experiment within the Hallett-Mossop

temperature region revealed several unique scattering patterns which could be secondary ice resulting from an ice-

water collision (see Fig. 1 for an example) however this is non-conclusive without imaging or holography. This

unique scattering pattern could also have resulted from the surface contact freezing of a droplet and snowmax

particle collision, which would produce surface contact freezing. Future work will also be conducted on scattering

simulations of rimed droplets to match the simulated scattering pattern to the measured ones.

The clouds generated using the spray method exhibited an extremely non-uniform particle size distribution. This

method would not be attempted again if the experiments were to be repeated, since it was very heterogeneous in

number concentration too.
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The PVM instrument recorded significantly lower number concentrations of droplets when compared with the other

instruments. The droplet size distributions recorded by the fog monitor, cloud droplet analyser, and PVM did not

agree within an acceptable margin. It would require further data analysis to determine why this was.

Outcome and future studies

Future work will be conducted using holography combined with light scattering for analysis of the Hallett-Mossop

process. Light scattering simulations will also be conducted of rimed droplets, and droplets formed by contact

freezing to compare the scattering patterns which are part of these data.

Future work will also be conducted to appropriately analyse the CDA data, and compare with the PVM and FM-100.
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