
Testing Nucleation Effectiveness and 
Type of AgI Flares Using the Pi-Cloud 

Chamber
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• Experiments done using the Pi-Cloud Chamber located at Michigan Technological University.

• Capable of generating clouds in two different ways

o Adiabatic expansion

o Temperature differencing  

(Chang et al. 2016) 2



• The Tank represents the Particle Injection system

• Three instruments used to measure particle, droplet, and ice concentration in the 
Pi-Cloud Chamber

1. OPC (Optical Particle Counter)

o Measures Ice & droplet Concentration

2. CPC (Condensation Particle Counter

3. CCNC (Cloud Condensation Nuclei Counter)

o Measures Particle Concentration
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Heterogenous Nucleation Methods
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Methodology

• Burn flares in particle collection system

• Data analysis

• 10 min AgI injection duration

• Cloud chamber temperatures of -11˚C & -5.8˚C

• High initial cloud droplet concentration of 500/cm^3 

• low initial cloud droplet concentration 80/cm^3

• Water drops considered to be between 2 – 10 µm

• Ice Crystals considered to be between                 

20 – 105 µm
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Methodology

• Nucleation effectiveness determined by a time constant

• Time constant is the time it takes for a system to react 

to 63.2% of a change

• Evaluated from AgI injection start time to first data point 

above 9/cm^3

• Time constant evaluated for ice concentration by the OPC

• If exponential growth in ice concentration is evident, an 

exponential growth equation can be applied to the ice 

concentration growth period
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Results: high initial cloud droplet concentration 
case (500/cm^3)
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Results: high initial cloud droplet 
concentration case (500/cm^3)
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Results: high initial cloud droplet 
concentration case (500/cm^3)
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Results: high initial cloud droplet 
concentration case (500/cm^3)
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Results: curve 
fitting of ice 

concentration 
growth period
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• Time Constant for -11˚C case 

• 199 seconds



Results: curve 
fitting of ice 

concentration 
growth period
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• Time Constant for -5.8˚C case

• 291 seconds 



Results: low initial cloud droplet 
concentration case (80/cm^3)
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Results: low initial cloud droplet 
concentration case (80/cm^3)
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Results: low initial cloud droplet 
concentration case (80/cm^3)
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Results: low initial cloud droplet 
concentration case (80/cm^3)
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CONCLUSIONS

• Contact nucleation appears to be the main nucleation mechanism occurring

• High initial cloud droplet concentration cases 

• Quick rise in ice concentration 

• Fast drop in droplet concentration

• Low initial cloud droplet concentration cases 

• Slower, and almost linear Ice growth

• No drop in droplet concentration

• Demot 1983 used Colorado States Expansion type cloud Chamber

• Found that contact nucleation is the dominate mode for AgI nuclei at temperature warmer 

than -16˚C
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CONCLUSIONS

• AgI ice nucleation is more effective at -11˚C than at -5.8˚C

• -11˚C time constant = 199 seconds

• -5.8˚C time constant = 291 seconds

• Turbulent mixing may be causing variability in the data

19



Future Work & Recommendations for next project

• Analyze Experiments done with a cloud chamber temperatures of -3.2˚C

• What would be AgI nucleation effectiveness?

• Is contact nucleation still evident?

• Use a better instrument to measure ice concentration

• WEALS Optical Particle Counter is better for measuring water concentration

• Difficulties affording better instruments
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ADDITIONAL SLIDES

22



AgI flare collection tank system
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Chamber Liquid Water Content

• LWC for High initial cloud droplet concentration cases\

• .016755 g/m^3

• LWC for Low initial cloud droplet concentration cases

• .0026808g/m^3
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Initial 
results to    

-3.2˚C 
Case
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Experimental 
table
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