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[ 1. Introduction ]

* Background study of existing atmospheric ice sensing techniques .

# Understanding atmospheric ice and its physical and chemical properties

* Understanding analytical and numerical methodologies to design a modular, innovative
robust sensory solution

Temperature
11’_%O K 50K 100K 150K 200K 250K 309 K 35? K 409 K 459 K 500K 550K 600K 650{(0 o
I | i I XI (hZEX?: qohal)» : SNBSS REESEEESE=E Ivto/byinqnnnlom::ficnonxchnalumcu/mih:slelolmawnlnmoluu X PreCIpItatlon
| | | | | { \ { \ / \ .
100GPa i 1001K-62-6Pa— === X EmiEEEEE==s=s=c—c———=c==: 1 Mbar I\Q/I IQI I\GII Gl In-Cloud ICIng . Icing
VI ‘ ! | ' | i M /e )
10GPa - ————1 100 kbar o - \ § 8+ ? | |
} SSSEo e — | > —Q — \ \ y /
| Pa_— : ‘ ‘ [ N\ s I
1o XY Fhimskivmmil il PR 200 L L 10 kbar ' (@ )¢ (@) —
T T [ (258 K At Mg NSRS WA | [ [ ] ([ [/ [{{I[1[[]] =
100 MPa | i Re jon o Itel’eSt i | Critical point |1kbar oxyoen .
Solid H g II FLiquid | *T e s Rime Glaze Wet Freezing
i ESSESSTSES SSEE! = | § [r— 046 [I { Snow Rain
5 §f (RRRARANREARN inircaainafnEn / |
M e aud o !
5 X1 e | | @;;%
100k ortho- |Freezing E%nt atlatm ]| | /[Boiling point at 1 atm | e p
rhombic 273.15 K, 101.325 kPa / 373.15K, 101.325 kPa | Ball and stick model o'
10 kP EEEEEE ”I:* """ = /100mbar - 2.8A -
e / I | | I I I «—18A  _  10A
e | | ‘ [ ‘ ‘ ‘ 25 I 25 Hard Soft
PR (LCHICAERAENERSAREEARAAN (ANNNNNNN INNENNENNENNNNNRNNENEN T — — ‘ . :
S eSEeeSSSSssSses /sdﬁd/uquiu/vapou‘r triple point J ﬂ Rime - Rime
| 273.16 K, 611,73 Pa | [ $
100 Pa === S e : ==t ¥ T === = == ’ """" == 1 mbar 8 5 ”'\rd“,g(."
1‘”’"’I """" SR 100 Hoar '
| { | H
/ EENEREN (RNNRNNNANNN ‘

1Pa T T T T T T T T T T 10 pbar
-250°C -200°C -150°C -100°C -50°C a°€ §0°% 100°€ -150°%C ‘200°C 250°%€ 300°C '350°%C

[ 2. Existing Atmospheric Ice Sensing Techniques ]
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[ 4. Analytical Understanding ]

Classical Rotation

Dielectric Measurement
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Dielectric Relations For Atmospheric Ice
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Mathematical Modeling of Conductivity
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[ 5. Prospective Design Options- CFD

Velocity streamlines, v =10 m/s

[ 6. Analytical, Experimental and Numerical Comparisions

Dielectric Variations in Atmospheric Ice -Experimental Results of Kuroiwa

Y T Pure Ico T sk smew B
/ % - g ‘
{ s N\"\‘I) 50'5“ Complex dielectric \
| é £0 U 5 4% yne ansfonot %8‘ |
i ; i Ir) 40. v 6-& 2 -8.0% e"_ |
B g, I
| § 50I Y |
| v £9] !
401 + |
I P i
I é (2)' o r :
: | g (1) £ 2t |
I ® 0] % 1 |
\ . . - . = !
’ 102 3 5
\’\, frqugan Cycle /IO;: o 10¢ 102
Dielectric Variations in Atmospheric Ice -Experimental Results in Cold Room Chamber
Ve Dry Snow .
/ - \
II o - f._ o |
| i i Ny :
I g g o 4 I I ii L4 I
I i j - N1 L i
i o ! |
| . ] |
| + 3 jams < |
I Spraying time (min) 2 ’ -y L —p—— |
i "o 3 |
| . } : |
i x 2" i
i 3 I
’ = i i
I 2 3 :
| = 3 T ] I
\ T /
N ' ¥ /
’\.\. Observation tima (min} Lmen wemas e - ‘
Dielectric Variations in Atmospheric Ice -Numerical Results in Comsol
s Pure Ice ~
./ Line graph: (1) Line graph: {1)
= fepsil.onfirIna.g. i
e

[ /. MuVi Graphene Preliminary Design

Front/Side Veiw Axiometric Veiw Meshing Voltage Setting on Plates
- o0 capacitive plate
Top Veiw : Electric Field and Displacement Field Norm on Atmospheric Ice
‘ |
50 | o . .
§ Electric Field Norm Displacment Field Norm
” P 147.7 5.49x10°°
0 o 152.63 3.88x10°
156.6 2.76x10°
Uniform Distribution of Pure Ice Non Uniform Distribution of Pure Ice
Displacement Field Norm Electric Field Norm Displacement Field Norm Electric Field Norm
Uniform Distribution of Dry Snow, p=0.8 Non Uniform Distribution of Dry Snow, p=0.4
Displacement Field Norm Electric Field Norm Displacement Field Norm Electric Field Norm

[ 8. Results ]

A prototype hybrid atmospheric icing sensor MuVi-Graphene can possibly have adequate
potential to detect icing, icing type, melting rate, icing load and icing rate.

Debye Model used to model the permittivity variations to detect an atmospheric icing
event and icing type.

Modifiied Conductivity Relation is used to model the conductivity variations as a function
of excitation frequency and temperature.

Preliminary Geometrical Understanding and Analysis of MuVi Graphene were done using
Multiphysics Solver (Comsol).
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