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Motivation

An ATR/2 aircraft crashed in 1994 after flying
for a prolonged time in Appendix O conditions

A Consequence:Appendix O conditions must
be avoided by certain type of aircraft. If such
an aircraft enters into Appendix O conditions
It must promptly exit these conditions.

A Problem:Not all icing conditions are Appendi
O conditions. Avoiding icing conditions
altogether comes at an unnecessary cost.

A Solution:An instrument that informs the pilot
whether Appendix O or Appendix C conditior
are present.

© Aero Icarus, 50ab - American Eagle ATR 7212; N447TAM@SXM;04.02.1999
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Cloud MultDetection Device (CM2LC
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CM2D (Cloud MultDetection Device)

Forthe detection and discrimination of Appendix O irthe scopeof the
SENS4ICBrogram, DLRproposesthe CM2D:

& It consistsof two sensorcomponents

1. Nevzorovhot-wire probe
2. BCPD BackscatterCloud probewith PolarizationDetection)
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Nevzorowprobe: Principle of operation

The sensors try to maintain a constant
temperature

Water impinges on the sensors and reduces their
temperature

The sensor draws additional power until the water
IS evaporated

The LWC is estimated from the power
consumption
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Nevzorovwprobe sensors Properties

1. LWCcollectorwire
& Collectsonlyliquid water, no ice!

& Hasthe highestcollection efficiencyfor droplets
around 20 um

& Largerdroplets break up onimpact and are only
partially collected
2. 8 mm TWGQCcollectorcone
& Collectswaterandice
& Onlypartially collectsdroplets < 30um
¢ Highcollection efficiencyfor droplets> 30 um

3. 12 mm TWCcollectorcone
& Collectswaterandice
& Poorlycharacterizeduntil now

Liquid water content
collectorwire

Totalwater content
collectorcones

©DLR

Informationtaken from: Korolevet al. (1998), Strappet al (2003), Isaac et al. (2006),Schwarzenboeclet al. (2009), Korolevet al. (2013)
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BCPD

& Usesthe intensity of backscatteredlight to derive
droplet sizes

& Similarinstrument flew on commercialaircraft during
the IAGOSnission [Beswicket al. (2014)]

& Detectsdropletsup to a sizeof 50 um

Particle

l

& Dropletshapecan be assessedfrom the polarizationof
the backscatteredlight

A Wecan distinguishbetweendropletsand ice

& Characterizationof BCPD irthe scopeof the SENS4ICE
project

beam
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© DMT
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wind tunnel testing
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Tests inthe TUBScing wind tunnel

& Windtunnel testing in Appendix C and ©@onditionswas conductedduring three weeksin
Januaryand July2020

CDP sizerange : 21 50 um
CIP size range: 1571 950 pm Air speed range: 107 180 m/s

| Sizerange : 271 50 um

© all images: DLR
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Goals:

8 Collectreferencedata for SENS4ICHproject
& Characterizecollection efficiencyof 12 mm TWCsensor

4 Assessthe performanceof the BCPD
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Referencemeasurements

Theperformanceof the CM2Dis assessedthrough comparisonwith other
sensorsthat weretested in the wind tunnel (by TUBS and DLR)

ForLWC measurementdata from the following instruments is available:
1. Rotatingcylinder
2. Nevzorovprobe (LWC and 8 mm TWébllector)
3. Volumeflow

The MVDof eachtest point is estimated from data of :

1. PDI
2. CCP (CDP & CIP)
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Testingconditions

& Theinstrumentsweretested in Appendix C and Appendix €édnditions
& Temperaturesrangedfrom 0 to -20°C

& Anairspeedof 40 m/s was used for all test points

Bimodal size distribution measured in the TUBS wind tunnel with the CCP
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Performanceof the 12 mm TWCsensor

& Firsttests in Appendix Gconditionsonly
0.85] .
8
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BCPDperformance

& The BCPDs a newinstrument and has
yetto be fully characterized

& Firstresults showthat its size
distribution and derived MVDagree
well with that of the CDP and CIP
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BCPDperformance [2]

& Forlarge MVDponlya part of the 007 b = 15 um
droplet spectrumis detected by —— MVD =20 um
the BCPD PO — mvo=30um
0005 MVD = 40 um
= —— MVD = 46 pm
¢ Hence the MVDis underestimated EO'M
< 0.03
] :g_ 0.02
& Thetrue MVDmay be estimated by
fitting a curveto the known part of -
the distribution (for unimodal 0.00| | | | | | | | .
Conditions) 0 5 10 15 20 25 30 35 40

Droplet diameter [um] © DLR
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App. O detection strategy of the CM
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DerivingMVDfrom Nevzorovsensorratios

Anincreasein droplet MVDleads to:
1. Adecreasein LWC/TWC8atio

2. Anincreasein TWC12/TWC8
ratio

MVD PDI [um]

A Weobtain an MVDestimate from
the sensorratios

©DLR
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