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Project Objective

Qualtify the role of electric fields in ice crystal
chain aggregation under realistic cloud
conditions using the controlled environment.

at NIMS that uses a double-structure de'sign with
outer volume of 130 m3 and inner volume of 22.4 m3.




Field Project Observations: CapeEx19 and IMPACTS
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CapeEx19 IMPACTS 2022

Collage of observed chain aggregates (a) imaged by the Particle Habit Imaging and Polar
Scattering (PHIPS) probe during the Cape Canaveral Experiment in 2019 (CapeEx19) and
(b) imaged by the Hawkeye-Cloud Particle Imaging (CPI) probe during the Investigation of
Microphysics and Precipitation for Atlantic Coast-Threatening Snowstorms (IMPACTS) field
campaign. Emma Jarvinen and Martin Schnaiter provide PHIPS images.



Primary Goal: Aggregation Efficiencies

Measure ice crystal chain aggregation and aggregation efficiencies

under varying electric field strengths in realistic atmospheric cloud

conditions using advanced, state-of-the-art instrumentation.

—Use cloud chamber experiments to determine the efficiency of
chain aggregate production under a range of electric fields and
temperatures. Cloud probes are used to assess the change iIn
aggregation efficiency with electric field strength at a range of
temperatures.

—Compare the statistical distribution of chain aggregate parameters
derived from images produced in the cloud chamber experiments
with in-situ observations from recent field campaigns to determine
how realistic are the produced chains.



Ice Crystal: Nice = 3-4 X 10° m and Dice = ~50 pm
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The experiment had an ice crystal concentration (Nic.) of 3-4 x 10° m™ with a diameter (Dic.) of ~50
um. Left panel had an electric field (E) of 200 kV m™'. Adapted from Saunders and Wahab (1975).



Methodology: MTU Pi Chamber Setup

Schematic showing the Aggregation Enclosure (AE) within the dimensions of Michigan
Technological University (MTU) Pi cloud chamber. High ice crystals are advantageous for the
aggregation experiments. The Sample Area is where the cloud probe measures the ice crystals.
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Description of Aggregation Enclosure (AE)

* A high-voltage

power supply is used to generate a

horizontal electric field that can affect ice crystals falling

under gravity.

® An electric field potential difference is created between the
central high-voltage electrode and surrounding Grounded

Metal Cylinder

to produce electric fields up to 1.2x10° V m™.

®* The stainless steel rod is coated with a Fluoro Silane

compound (1H
create a hydro
—Nanometer-t

,1H,2H,2H-Perfluorooctyltriethoxysilane) to
ohobic (water-resistant) surface.

nin insulating layer that does not materially

alter the electrode geometry.



Aggregation Enclosure

®*The rod is connected to a high-voltage (up to 30,000 volts)
power supply located outside the chamber.

®* An outer conductive cylinder is grounded and serves as the
outer electrode (radius r> = 0.0762 m (3.0 inch)), smooth,
thin-wall (»; = 0.001651 m (0.065 in)) metal cyllnder)

Dual Output
2.5KV~ 15KV(DC)
BKV = 30KV(DE) Fe ="




Electric Field Environment
®* The coaxial configuration ensures a symmetric and well-
defined field within the Aggregation Enclosure
®* The electric field within this geometry is governed by the
classical solution for coaxial cylindrical conductors.

Vv E(r) 1s the electric field at a distance » from the axis
E(r)= r,  Vistheapplied voltage
r-In PR is the radius of the inner rod
1

r> 18 the mner radius of the outer conductive cylinder.
®*The maximum field strength occurs at the surface of the

Inner electrode.
®* The equation remains valid with the fluorosilane coating as
It's effects on electric field geometry is negligible



Cloud Chamber Cycle Run

®* Control Experiment: The aggregation efficiency is
measured with no electric field applied at a fixed
temperature to provide a baseline reference.

*Electric Field Variation: At each fixed temperature
of the Control Experiment, electric field strength Is
varied (10, 25 and 35 x 10° V/m™?) to determine its
Influence on aggregation efficiency.

*Temperature Variation: Conduct runs at specific
temperatures of -8, -15, -22 and -29 °C



Cloud Chamber Expansion Run
(First to Try)

°* Temperature:
—Stable at -8 °C
—Start an Expansion
—Expansion over 30

minutes,

maintain temperature close to -8 °C

®*Electrid Field

—None — upto 10 minutes

—10 x 10°V/m= for u
—25x 10°V/m= for u
—35x 10°V/m= for u

nto 10 minutes
nto 10 minutes

nto 10 minutes



Current Work: Issues to be Resolved

®* At UND, Generate High Ice Concentration in Freezer
—Develop python code to quickly calculate electric field in
Aggregation Enclosure (AE).
—Use Liquid Nitrogen to homogeneous freeze ice in stream of
high humidity air.
—Measure aggregration with 2D-S in AE.
® Electrid Field
—Should we also try to use parallel plates?
®* Generate high ice crystal concentrations:
—We need to check that the CPI is indicating some aggregation
IS occuring.
—Measure the concentration by processing data.
* Would like ice concenrtations Nice of 2-3 x 10° m™



Thank You - Questions and Discussion

https://atmoswiki.azurewebsites.net/doku.php?id=atmos
.citation:instruments:cloudchamber-chainag:home
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https://atmoswiki.azurewebsites.net/doku.php?id=atmos:citation:instruments:cloudchamber-chainag:home
https://atmoswiki.azurewebsites.net/doku.php?id=atmos:citation:instruments:cloudchamber-chainag:home
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