* s - | 0’0 . ‘0 *0 oy | ..t ] nl‘w.n Py * .*#. & o ¢ ® P P -, - O.’-
. : STyt e e T I O e TR el R ARG Tl
L 3 Q, L J ] L 3 L Y ) Py & L L 4
. o ° . . ' % ‘::.""0",'0' f’;’.,:',_ ::3{ -?.“- 't:‘ - '}‘ "‘:#0' :" :.;g;. \ .‘l‘l‘ % .p‘;.&‘&‘;_":{:}” “}-
.
¢ . ! b s " f’~ ** ‘ﬁ\ » ' k| r {!._Q :": A‘L“o‘... “""lﬁ‘&.a;’ LT {'A azAh'{“ *’.‘ ¢

IR
» ;. 0
0‘ N

| |

b 4

Investigation of nucleation, growth, sublimation and surface properties of single ice crystals

N L
"ot
L )
(] N
e

L
%
82

“
*.

Member of the

I'Q.

i
)

J ':-{'J"" »x.!'- e "-‘4'.-‘9?‘ s
............ —

A 1 1 ALk - i 1 2,3 o
J. Voigtlander : P. Herenz', H. Bieligk’, D. Niedermeier!, T. Clauss’, C. Chou=>, ". Universityof TROPOS :
J.Z. Ulanowski?, F. Stratmann’ Hertfordshire o L ey
A L ¥
1 Leibniz-Institute for Tropospheric Research, Leipzig, Germany ’ Lelbnlz Instltute for o ::‘

2 Science & Technology Research Institute, University of Hertfordshire, UK Tropospheric Research Leibniz Association :
3 Now at Department of Chemistry, University of British Columbia, Vancouver, BC, V6T 1Z1, Canada .:
&5

%ﬁm
|
ST &
AR
b g
.

Overview

]
¢ = e ") & 4 @ - % u ¢ - -
s B, e *, . *% 2 e, e%e na " "o ® . **

Nucleation and growth of atmospheric ice particles is of importance for both, weather and climate. However, knowledge is still sparse, e.g. when considering the influences of ice particle surface properties on the radiative properties ..
of clouds. Therefore, the influence of the thermodynamic conditions on the growth, shape and surface properties of single ice crystals is investigated at the experimental setup IRIS (lce Roughness Investigation System), whichis =~ -
based on the laminar flow tube LACIS (Leipzig Aerosol Cloud Interaction Simulator) together with a SID-3 (Small Ice Detector) instrument and an optical microscope. R

Main parts of the setup IRIS (Fig. 1 and Fig. 2): - Macroscopic ice crystal properties (Fig. 6): Surface properties (roughness, example in Fig. 7):
- Laminar flow tube (length: 1.0 m, diameter: 15 _ g bortie - Single ice particle nucleation and growth experiments with - Combined roughness calculated from 2-D LISA scattering
m), based on LACIS (Stratmann et al., 2004) /l} | | | Kaolinite, lllite, Arizona Test Dust (ATD), Microcline and images (Ulanowski et al., 2012)
with precise thermodynamic conditions control Ay (L L Snomax™ particles - Complex crystals (such as dendrites) appear as rough
- Laboratory version of the Small Ice Detector 3 @ 277 - 300 K [<- I ,\ ,\ - lce crystal shape and growth rate depend on the - Combined surface roughness seems to be dependent on the
(SID-3, Kaye et al., 2008) called LISA (LACIS E —— - - - thermodynamic conditions (T, rh) growth history, as it is modified by ice crystal growth or
Ice Scattering Apparatus, SID-3 equipped with = | e il - |ce crystal shape in agreement with literature data shrinkage
an optical microscope) = Y -
flushing air L‘SA - TN Y SN TN N SN TN TN SO (NN TR SN SO SN NN SO SR TN S SN T SN S S
. L . (5 t/minl S5+ mroscope | U Sen el T < compressed air orisms/ Iat | Fig. 7: Example of an ice
Thermodynamical characterization (Fig. 3) by: porti o 3o e olumns oS columns :
. . . . . . _ st crystal growth experiment
- Cqmputatlonal fluid dynamics (CFD) simulations D o oﬁ_o ~ with a soot particle as IN.
using FLUENT (Ansys Inc., Canonsburg, PA, _ — The Fig. shows the time
USA) Fig. 1 Schematic diagram of the g & dependent evolution of ice
- Temperature (PT100, thermocouple), dew-point experimental setup IRIS. 3 o5 particle size and calculated
(DPM MBW973, MBW Calibration, Wettingen, Fig. 2: Picture of the setup. %”-4;- ?(?mlsarlrr\‘ce):tzu:fac:i "z:lgro“esr?)
Switzerland) and flow (hot wire anemometry, sy~ ; ghly rough).
DANTEC streamline, Dantec Dynamics A/S, ) i fime (<
Skovlunde, Denmark) measurements . i ] soott o
) e Bt | B L 0 ~10 ~20 ~30 _40 _50 % T _aoec
Experiments: E i = JesEEEci: Fig. 3: Measured Temperature [°C] - -
- Single ice nucleus (IN) of about 3-25 um is 2. ¢ ~© temperature at the Fig. 6: Selected microscope images recorded at different - sizemean=33.1 um
. . . ‘e C BS - b osition of the sample. I I O 25 80 75 100 12 180 175 20 25 0 275 800
attached to a thin glass fiber (Fig. 4), positioned 5 CESTHENEEE ’ P P temperatures and low supersaturation (no dendrites). e
within the optical measuring volume of LISA and " B \1 . Hiess —
exposed to varying thermodynamic conditions ‘ s L | Statistics (Fig. 8 and Fig. 9): " T R T R L
(T, RH) : el | * by G - lce crystals size (growth rate) 08 R | TN 7 [ T e posiver |
- Visual observation of the particle/droplet/ice : i correlated with surface 08 - °°°6 ‘é ”egatg"’eﬂ j
Crystal with the optical microscope (Flg 4 and e i N ENPERUREG * ’ roughness _ 04_."- ’-% 0004 b @ONCE b
Fig. 5) Fig. 4: Microscope picture - Different regimes (R > O for S 02‘ B 0002 b e g A S
- 2-D light scattering patterns recorded by LISA of a glass fibre with an IN on crystals larger than about 25 um) ool 1 . & £ 0000
(Fig. 5) its tip = oz-.'-"- PN, TR —— iz ; z
Dat luati . GLCM i text Fig. 8: Correlation between ice crystal [ 04_“-._ g 0002 o g e L QTN
- Lala evaluation using image texture _ size and surface roughness (left) S {e 7 1 2 o00-
analysis (Ulanowski et al., 2012) gives Fig. 5: Examples of B e e i B S _ o
information about ice Crysta| size and surface microscope images and the Fig. 9: Ice crystal growth rate versus the 08—— T 10,006 o @
¢ roughness corresponding 2D scattering temporal change of the combined surface o} =~ = -~ @ @@ @ o '
patterns roughness (right) " ® % % % - 0 0.4
Mean size [um] ds/dlt [um/s]
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