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Motivation

The main goal of FRAGILE is to
significantly improve our current
understanding of ice fragmentation

Dendritic
growth
zone

Ice fragmentation?
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DELIVERABLES:
• Number concentration
• Shape
• Terminal fall velocity
• CKE 



Experimental background

• Takahashi (1993) Observation: large graupel (4mm) + small graupel (<2mm) with stellar crystals

• Takahashi et al. (1995): graupel-graupel (with dendrites) collision experiments

• Vardiman (1978) & Griggs and Choularton (1986): Single crystal fragmentation experiment

• Graupel and crystals are expecting to produce numerous ice particles

Graupel-snowflake collisions experiments

Improve graupel-graupel (with dendrites) collisions experiments

→ high ice crystal concentration



Dendrite with
columns

Assemblage of 
crossed plates 

Plates with
dendrites

Dendrite with
plates

Dendrite with
sectors

Ice crystals production

Glass aquarium inside the cold room 

Deionized warmed
water

Dew point tube

Ice crystals & 
aluminium plate

Temperature sensor
Dendrite

Skeletal plate Skeletal column
with scrolls

Bundle of sheaths

Needles

Credits: Pierre Grzegorczyk, University Clermont



Graupel production

Blower

Double motor

Graupel

Utrasonic atomizer

Supercooled droplet 
flux

Graupel generator Graupel starter

Epoxy sphere embryo
and thin wire

Cannula

Large 4 mm graupel

𝝆=0.51 g.cm−𝟑 𝝆=0.34 g.cm−𝟑

Small 2 mm graupel



Dendritic growth

Graupel with dendrites

• Aquarium

• Blower 

• Rotation motor

Ice sphere with dendrites

• Dependency on ice structure

• Takahashi et al. (1995) used ice sphere

Dendritic growth

Based on Takahashi (1993) observation



Graupel-graupel collision

Small graupel

Collision setup

Large graupel
fall tube

Petri dish

Cannula

High speed camera video

• Microscope pictures

• Data analysis



Graupel-graupel collision results

Number of fragments produced by graupel-graupel collision

𝑘0 =
1

2

𝑚1𝑚2

𝑚1 +𝑚2
𝑣1 − 𝑣2

2

Collision kinetic energy (CKE)

From the collision theoritical formulation of Phillips et al. (2017)

N = 5.14 × 104 × 𝐶𝐾𝐸0.41



Fragments shape and size

• Same distribution shape

• Maximum at 75 µm

• Similar to Takahashi (1993)

• Distribution peak depends on CKE 

• Minimum area depends on CKE 

• Same distribution shape

Mean distributions of fragments maximum size

Mean distributions of fragments area

observation of 60/100 µm crystals



Graupel-snowflake setup

Launch system

Snowflake
position

Laser

Collision tube

Collision tube

Petri dish

Holographic instrument

CameraSampling 
volume

Beam expander

Laser

Collision tube

Crystals holographic 
picture 



Graupel-snowflake collision

Side collision Central collision

Number of fragments produced 
by graupel-snowflake collision

• Number of fragments depends on
CKE

Impact position



Fragments size, area and shape
Central collision size distribution

Aspect ratio distributions

• Similar to graupel-graupel distribution

• Distribution peak at 400µm

• Size distribution consistent with Vardiman (1978) 

Central collision area distribution

• Aspect ratio depends on the impact position 

• Central collision: symmetrical and maximum of aspect 

ratio at 0.5

• Edge collision: almost constant aspect ratio



Comparison with Takahashi’s results

Possible explanations for the differences:

• Our results are valid for T ~ -14 °C

• Graupel asperities were grown with 

ventilation  which might lead to more 

fragility and maybe a higher number of 

asperities

• Dendritic growth on a solid ice sphere 

considerably different from a graupel



Conclusions, Outlook

• Experiments can produce close to realistic ice collisions to get the data to improve the model and backscatter 
calculations 

• Setups need to be improved, especially the dendritic growth setup and the snowflake collision setup

• Extension of the experiments to a broader temperature and humidity range 

• Investigation of the influence of the degree of snowflake riming and graupel shape on fragmentation

• Better characterization of the snowflake characteristics, including their densities

• Determination of the density of the particles incuding their asperities

• Extension of the experiments to the wind tunnel
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