Ice particle surface roughness

Why do we care?
How often does it occur?

Carl Schmitt, Martin Schnaiter, Andrew Heymsfield
CMMAP summer 2013 team meeting
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Outline

Why is ice crystal surface roughness
important?

How can we determine the existence of
surface roughness? (case study)

What situations lead to surface roughness?

Bonus material (if | have time): From aircraft
microphysical data, how can we separate
o o ) o ” .

cloud ice” from “snow” for modeling
purposes?



Why is ice cryst face roughness




Phose Function Phose Function

Phase Function

107!

103

102

10°

10°

107"

100 pm /100

2a0/L =

0.00,
0.01,
0.10,
1.00,

QW

0.7751

0.7693
0.7712
0.7742

SO

100

Scattering Angle (Degree)
2a/L =

100 gm /300 parm

0.00,
0.01,
0.10,
1.00,

i

g
g
g
g

0.8479
0.8436
0.8310
0.8037

1

1

S0

100

Scattering Angle (Degree)

150

20/L = 300 gm /100 gam
— o = 0.00, g = 0.8408
— o = 0.01, g = 0.8309
— o = 0.10, g = 0.8216
— o = 1.00, g = 0.7993

S0
Scottering Angle (Degree)

100

Phase Function Phase Function

Phose Function

2a/L =

100 germm /100 pm

10°® '

10° . . .
0.0 0.5 1.0 1.5 2.0
Scattering Angle (Degree)
2a/L = 100 gem /300 pum
106 T T T

10° . L 2
0.0 0.5 1.0 1.5
Scattering Angle (Degree)

2a/L = 300 ggm /100 um

2.0

10' s 1 1

0.0 0.5 1.0 1.5

Scaottering Angle (Degree)

2.0



Surface Roughness — Direct measurements of
Scattering Function

Measured phase functions ice analogues — smooth g=0.80
——rough g=0.63
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How can we at ice crystal




Small Ice Detector (SID3)
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SID3 scattering patterns from aircraft measurements
are frequently speckled which indicates rough surfaces







Phase function below is from Yang et al (2008). Shows ray
tracing calculations for crystals with smooth and varying degrees
of roughness on the surfaces. The SID3 measurements capture
the forward part of the phase function (highlighted area). Note
the different slopes in the 5-20 degree region.

Short Column shape: L/2a = 100um / 100um
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Case study from MACPEX

Halos were observed at the DOE ARM SGP site.
Halos imply smooth surface crystals.

Lets look at SID3 data from the time period when the
NASA WB-57 was at the SGP site compared to other
“non-halo” locations.




22° halo over the SGP ARM site
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Laboratory studies (AIDA) can help us
understand what causes roughness.



pressure [ Experiments in AIDA to

gas temperature determine what conditions
wall temperature p
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lead to surface roughness

and hollowness:

1. Soot particles are used
as nuclei to generate
ice clouds.

After an initial growth
phase, the particles are
allowed to sublimate.
e After sublimation, the

- - - -total particles are generally

50% smooth surfaced

solid columns.

Particles are then re-

grown at different

supersaturation levels.
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SID3 scattering patterns from AIDA cloud chamber
experiments with growth at low supersaturations.




From AIDA: with growth at high supersaturations.




Estimates of roughness and hollowness based on super-
saturation during regrowth

Supersaturation Roughness Column and bullet
during re-growth rosette Hollowness
period

Growth of ice crystals under high super-saturation
conditions leads to surface roughness. Low super-
saturations values result in smooth surfaced crystals.



Bonus material: The separation of
“cloud ice” and “snow”



Observational justification and quantification
of the separation of cloud ice and show
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Simulated ice crystal aggregates.
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i Complexity
! 0.085
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