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PI Chamber Simulation Case: 
Modeling Aerosol-Cloud-turbulence 
Interactions in the Cloud Chamber 

Timeline  
Dec, 2019 Announcements & invitations 

Feb, 2020 Confirmation of participation 

June 15th, 2020 Results received from the participants 

Before Jul 20th Data post-processing & communication with 
participants 

Jul 27th-31, 2020 International cloud modeling workshop 
 
Case coordinators: 
Dr. Sisi Chen (sisichen@ucar.edu) 
Dr. Steven Krueger (Steve.Krueger@utah.edu) 

Case overview 
Motivation: 

● Cloud-aerosol-turbulence interactions in fine scales are not well-understood. Cloud 
modeling contains a large uncertainty from microphysical parameterizations. 

● Due to the chaotic nature of clouds, in-situ measurement of cloud microphysics 
properties often comes with large uncertainty and the condition during measurement is 
often not controllable. Therefore, finding a good case based on measurements to compare 
with model results is challenging. 

● Measurements for creating and evaluating parameterizations are sparse, boundary 
conditions are often poorly constrained, and atmospheric systems are rarely statistically 
stationary. 

● Therefore, a turbulent mixed-layer formed within a cloud chamber provides an ideal 
environment for comparing measurements to simulations. Many of the thermodynamic, 
turbulence and microphysical properties in the Pi Chamber are comparable to those 
observed in stratocumulus clouds. The experiments also have reasonably 
well-characterized boundary conditions and achieve a statistical steady-state, and the 
detailed aerosol, cloud, and thermodynamic properties are available.  
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● On the other hand, high-resolution modeling provides alternative tools to look at 
small-scale cloud processes unresolved by traditional cloud models. 

● In the long run, comparing the results of high-resolution models to laboratory 
measurements helps to verify physics in the model. And the well-validated model in 
return can be used to better understand the details of physical processes that are 
challenging to measure with existing instruments. 

 
Objective: 

● The objectives of the base cases in this case study are to answer:  
○ What are the key processes/parameters that impact the shape of the droplet size 

distribution (DSD), e.g., turbulence, fluctuation of supersaturation, mean 
supersaturation, aerosol number concentration, droplet sedimentation and fall out, 
and the interactions of the above processes? 

○ How do the size distribution properties vary as the aerosol injection rate is 
changed? Do they capture the observed dispersion indirect effect? 

○ Can simulations qualitatively or quantitatively capture the steady-state cloud 
droplet size distribution with realistic properties? 

● The objectives of the variation cases are to determine: 
○ How sensitive are the model results to the variation/perturbation of the initial 

conditions/model configurations? 
○ What is the model uncertainty due to the level of uncertainty in the 

measurements? 
● By model comparisons, we aim to figure out: 

○ What are the key differences in the results of different models when imposing the 
same set of constraints from laboratory measurements? What causes the 
differences?  

○ How can we justify/mitigate the divergence between the model results. 
○ What are the implications for model parameterization/development at sub-grid 

scales? 
● Out of this case study, we will formulate a test case for future model development & 

verification. 
 

Introduction to the Pi chamber facility 
What is the PI Chamber? 
The Pi chamber is a turbulent, multiphase reaction chamber developed at Michigan 
Technological University. The cloud chamber is capable of generating and sustaining cloud 
formation in simulated tropospheric conditions for minutes to days.  
 
Chamber schematics & capacity 
Schematics of the PI Chamber structure are illustrated below (Figure 1 and Figure 2). The 
pressure shell is rectangular. The internal volume is 1 m high and 2 m wide. Two front-opening 
hinged doors give full access to the internal workspace. The thermal panels, which regulate the 
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temperature within the chamber, are controlled on three separate circuits, corresponding to the 
top, bottom, and sidewall sections of the chamber internal workspace. All panels are capable of 
maintaining thermostatic conditions. For more detailed technical specification, see Chang et al. 
(BAMS 2016) https://journals.ametsoc.org/doi/full/10.1175/BAMS-D-15-00203.1 

 
Fig.1: Cutaway view of the PI Chamber (Chang et al., 2016)  
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Fig. 2: Vertical cross-section of the PI Chamber (Chandrakar et al., 2019 QJRMS) 

 
The chamber is also accompanied by a suite of instrumentation allowing for the generation and 
characterization of aerosol and cloud particles, measurement of thermodynamic and turbulence 
conditions, and sampling of particles for subsequent chemical and morphological analysis.  
The research problems that can be addressed with this facility range from aerosol formation and 
optical properties to turbulent clouds and ice nucleation. Fig. 3 illustrates the spatial structures of 
aerosol and cloud drop distribution inside the chamber corresponding to different aerosol 
injection rates. 
 

 




