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http://phy.sites.mtu.edu/cloudchamber/facility/

Pi Cloud Chamber 
at the Michigan Technological 
University (Raymond Shaw et al.)

http://phy.sites.mtu.edu/cloudchamber/facility/


https://www.google.com/search?q=Rayleigh-
benard+convection&source=lnms&tbm=isch&sa=X&ved=0ahUKEwjcgJ2b7Y_kAhVE7J4KHcBPBVgQ_AUIEigC&biw=1009&bih=625#imgrc
=zOVbURp3ov4uPM:

Rayleigh-Benard convection: 
thermal plumes, large-scale circulation, and boundary layers…

https://www.google.com/search?q=rayleigh-benard+convection&source=lnms&tbm=isch&sa=X&ved=0ahUKEwjcgJ2b7Y_kAhVE7J4KHcBPBVgQ_AUIEigC&biw=1009&bih=625


Thomas et al. JAMES 2019
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Simulated supersaturations and 
droplet/CCN concentrations 
before and after start of CCN 
injection to the cloud chamber

Observed supersaturations 
fluctuations before start of 
CCN injection

Chandrakar et al. PNAS 2019



Prabhakaran et al. PNAS 2020
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fluctuation-influenced

Activation regimes 
in the turbulent 
cloud chamber with 
a single-size CCN

single-size CCN critical supersaturation
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Cloud formation: adiabatic expansion of an air volume 
rising in the stratified environment and reaching saturation:



Turbulent supersaturation fluctuations without condensation: 
the impact of spatial scales

𝜕T/𝜕t + div (u T) = – g/cp uz

𝜕qv/𝜕t + div (u qv) = 0

L

Δ 𝑇 𝑚𝑎𝑥 ~ L

low TKE – red
high TKE – green



The key point:

In turbulent simulations, often the key issue is about the 
Reynolds number Re. Re depends on the resolved range 

of scales, from the TKE input scale L to the TKE 
dissipation scale 𝜂.

𝐿
𝜂
~ 𝑅𝑒"/$

This is only marginally relevant to the problem 
considered here as the largest scales dominate the 

supersaturation fluctuations…



Comparing supersaturation evolution and its 
impact on CCN activation is a rising adiabatic 
parcel with and without turbulence applying a 
stochastic model for supersaturation fluctuations…

Parcel size: L=50 m

st. dev. of turbulent fluctuations
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10 nm
(0.01 micron)

200 nm
(0.2 micron)

Two NaCl sizes 
selected in 

concentration 
of 200 per cc
(i.e., separate 

simulations for 
the two sizes)



Traditional approach: adiabatic parcel crossing the cloud base with 0.33, 1, 3 ms-1
(initially RH = 97%, p = 900 hPa, T = 283 K)

- Supersaturations needs to reach activation supersaturation
- All CCN activated with zero spectral width (all droplets have the same size)



643 m3 

1 m grid length

turbulent adiabatic parcel crossing the cloud base with 0.33, 1, 3 ms-1

(initially RH = 97%, p = 900 hPa, T = 282 K)

unsaturated turbulent 
volume with 

deliquesced CCN  

supersaturated turbulent 
volume with cloud 

droplets and haze CCN  

z = 0

z = 200 m

prescribed 
ascent rate



Small CCN: 10 nm (0.01 micron)

- Mean S does not have to reach activation supersaturation
- Not all CCN activated for 0.33 and 1 m/s: only about 25% for 0.33 m/s case!
- Significant spectral width just after activation 



Small CCN: 10 nm (0.01 micron)

mean-dominated

fluctuation-dominated

fluctuation-influenced



Large CCN: 200 nm (0.2 micron)

- Mean S does not have to reach activation supersaturation
- All CCN activated for the three updtafts.
- Significant spectral width just after activation 



Radius evolutions of a small fraction of droplets:

growing droplets

CCN that avoided 
activation (interstitial)

Finite spectral width comes from CCN activated at various times…



Droplet spectra at 200m height (linear and log vertical scale):

Small CCN: 10 nm (0.01 micron) Large CCN: 200 nm (0.2 micron)

0.33 m/s

3 m/s



manuscript in progress…



size distribution

total concentration: 
200 per cc

(also simulations 
with the same 

distribution but 
2000 per cc, not 
presented here)

critical 
supersaturation 
and activation 

radius



Traditional approach: adiabatic parcel crossing the cloud base with 0.25, 1, 4 ms-1
(initially RH = 97%, p = 900 hPa, T = 283 K)

- Supersaturations needs to reach activation supersaturation for each class.
- Stronger updrafts lead to activation of smaller CCN, thus larger total concentrations, and 
smaller mean radii.



- Stronger updrafts lead to activation of smaller CCN.
- This leads to larger total concentrations, and smaller mean radii.
- Spectral width is few tenth of 1 micron, larger for smaller updrafts.

results at 200 m



-Sharp separation between activated and un-activated (haze) CCN at 200 m height 



Turbulent parcel                                          Non-turbulent parcel              



Turbulent parcel

Non-turbulent parcel



Turbulent parcel

Non-turbulent parcel



Turbulent parcel

Non-turbulent parcel



Turbulent parcel

Activated fraction
per bin 

for different 
updrafts







Example for 1 m/s updraft: bin #16, 0.022 micron dry radius, close to maximum 
concentration among all bins

Over 99% activated, only about 1% not activated.
From those eventually not activated, about half activated and then deactivated, some 
multiple times…

Below: evolutions of a radius of those eventually not activated

activation (critical) radius



Summary:

Turbulence can have a significant impact on CCN activation.

In contrast to the adiabatic parcel, some CCN can activate 
early and some can avoid activation entirely when small-scale 

turbulence is present.

Details of the impact depend on specific details of the 
presented simulations (domain size, TKE, initial conditions, 
CCN, etc.) and call for more research in this area through 

very-high-resolution modeling.



JAS 1979



International Cloud Modeling Workshop congestus case: 
a few m grid length simulations with resolved turbulence are needed …



Summary:

Turbulence can have a significant impact on CCN activation.

In contrast to the adiabatic parcel, some CCN can activate 
early and some can avoid activation entirely when small-scale 

turbulence is present.

Details of the impact depend on specific details of the 
presented simulations (domain size, TKE, initial conditions, 
CCN, etc.) and call for more research in this area through 

very-high-resolution modeling.

Significant point: Situation considered here is different than in 
the Pi chamber. A facility similar to Pi chamber, but with a 
decreasing pressure mimicking air rising through the cloud 

base would be needed…


