FRAGILE- EXPLORING THE ROLE OF FRAGMENTATION OF
ICE PARTICLES BY LAB STUDY OF ICE-ICE COLLISIONS
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MAIN GOAL: EXPERIMENTAL STUDY OF

FRAGMENTATION DUE TO COLLISION

= Collision induced
fragmentation in
walk-in M-CR(1st
phase)

= Collision induced
fragmentation in M-
WT

= Fragmentation w/o

« Generation of graupel
« Generation of dendritic ice crystals

« Growing dendrites on graupel

surface

« Graupel-graupel with dendrite

collision

« Graupel-graupel without dendrite

collision (reference case)
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SETUP IMPROVEMENTS - LWC
GEORG CHARACTERIZATION

Pressure Average
(bar) Iwc (g/m?)

= To quantify lwc at the
graupel site
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Important for graupel’s density
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AQUARIUM SETUP

= Challenge

Reliable & controllable closed system (constant supersaturation,

humidity set up)

Mixing of warm moist air from aquarium and cold dry air from cold

Glass aquarium setup

Ice crystals &
aluminium plate

Temperature sensor

Dew point tube

Deionized warmed
water

bndensing on

Ice supersaturation (%)
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Dendrite (P3b)

Dendrite with sectors (P4d)

Dendrite with plates (P4c)

Plate with branches (P4e)

Dendrite with columns (CP3b)

Radiating assemblage of crossed plates (CP4c)
Skeletal plate (P1c)

Skeletal column with scrolls (G3c)

Bundle of sheaths (C2b)

Needles (C1a)
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Crystals characterized and compared to Kobayashi’s
experiments (1961)




MIXING CHAMBER

- BaSiC idea: miX COId, dry and ”Warm", 1:1.0 mixture of cold to warm air masses, with T_cold=-23°C

humid air inside a chamber

——- dendritic growth zone from 120 to 130% E_sat,ice _
—— resulting adiabatic mixtures L =TT

290 4

= Try to reach typical values for Dendritic
Growth Layer (DGL) with the resulting
mixture

280 4

270 A

Saturation pressure over Ice in [Pa]

= Control the mixture by manipulating:

260 4

Flow rates of warm and cold air streams

250 A

Temperatures of the air streams

-12.4 -12.2 =12.0 -11.8 -11.6
Temperature in [°C]




MIXING CHAMBER

Bottled air intak Rotameter
ottled air intake :

! Growth chamber

e —

Suspended Graupel

/ (1) o (2) 3)
il —py — @
Rotameter T Ice Rod
(5), (6)
Heated water «  First success in growing ice crystals
Deep freezer vapor supply 9 J 4
Measuring: « Different habits can be generated
Temperatures at (1) to (5)
Dewpoint temperature at (6)
. . The arrows indicate the direction of the flow. _ _
Cooling spiral Furthermore: Air Stream is heated at (2) Dendrites & Fern-like
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GRAUPEL-GRAUPEL COLLISION

Collision setup Collision tube upgraded! High speed camera video

graupel fall
tube (4mm)

Large e l
’ v L 1
‘ /

Small

graupel |

o * Microscope

pictures
« Data analysis
Petri dish
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GRAUPEL-GRAUPEL COLLISION RESULTS

= Paper in review process: https://egusphere.copernicus.org/preprints/2023/egusphere-2023-
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Fram the collision theartical formulation aof Phillips et al {2017)

N =05.14 x 10* XCKE%41

Philip’s parametrization is based on
Takahashi 1995 lab data

Comment: Contact Area
parameter is missing

Number of fragments produced by graupel-graupel collisions



https://egusphere.copernicus.org/preprints/2023/egusphere-2023-1074/egusphere-2023-1074

FRAGMENTS DISTRIBUTION CALCULATED FROM ICE

CRYSTAL IMAGE ANALYSIS
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Same distribution shape

All having a maximum of fragment
at75pum

Similar to Takahashi (1993)
observation of 60/100 pm crystals

Distribution shape is independent of
CKE

Distribution peak depends on CKE
Minimum area depends on CKE
Same distribution shape

Caution - detection of ice fragments
with the microscope is estimated to be
around 20 pym for crystal max
dimension and around 10-4 mm?2 for
crystal area

decrease of the minimum fragment
area - work done to break crystals is
proportional to their cross-sectional
area (Phillips et al., 2017)
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FUTURE STEPS/GOALS

= Characterization of GEORG

= Mixing chamber (at difft. T & supersaturation)

= Graupel-graupel without dendrite collisions (initial condition)
= Graupel-graupel with dendrites collision

= Graupel-snowflake collision (also done by Pierre before)

= All of the above to be repeated at different temperatures between -
15°C & 20°C (DGL)
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THANK YOU!
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Graupel-snowflake collision

Side collision

Central collision

Number of fragments produced
by graupel-snowflake collision
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