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Ice Crystal Detector (ICD) Dual Element LWC+TWC

Standard Robust Single Smooth TWC Element
Textured Robust Single 3D Printed TWC Element
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Hot Wire Sensor Basics

Heated Elements are Exposed to Airflow Containing Water in the
form of Ice Crystals and Liquid Drops

Amount of Electrical Power Needed to Maintain Constant

Temperature in the Presence of Water is a Direct Measurement of
Water Content

Amount of Power Required to Maintain Temperature in the
Presence of Dry Air Alone Needs to be Subtracted before
Calculation of Water Content

Different Shaped Elements can be used to Discriminate Between
Ice Crystals and Liquid Water

Nose Location Chosen to Provide Water Content Measurements
at Actual Location of TAT and Pitot Probes — Concentration Factor



Objectives

Provide Real-Time, Easy to Interpret TWC Measurement During Flight

Provide TWC Measurements at Actual Location of Pitot and TAT probes
« Concentration Factor Due to:
« Crystal Shattering on Aircraft Surfaces and Re-entering the Boundary Layer Flow
 Aircraft Body Locations can be Enhancement Zones or Shadow Zones

Standard (smooth) Robust
« Common link to several HIWC programs that did or did not have the IKP as part of the
Instrument Suite
« Airbus
« Falcon 20 Darwin, Cayenne
* Various Wind Tunnel Tests — NRC, Cox, IRT, PSL

Evaluate 3D Robust (textured) Robust Element for Collection Efficiency Improvement over the
Standard Robust Element

Evaluate Ice Crystal Detector in a Representative Installation Location for Large Aircraft
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Simultaneous Solution for IWC and
LWC Using Two Elements with

Differing LWC and IWC Sensitivities

(Korolev, et al J.R.Met 2003)

TWCm=axIWC+bxLWC
LWCm=cxIWC+d«LWC

Where:

TWCm = Amount of Water Measured by the TWC Element

LWCm = Amount of Water Measured by the LWC Element

IWC = Actual Ice Water Content

LWC = Actual Liquid Water Content

a = Overall efficiency of TWC element with respect to Ice Water

b = Overall efficiency of TWC element with respect to Liquid Water
c = Overall efficiency of LWC element with respect to Ice Water

d = Overall efficiency of LWC element with respect to Liquid Water



Simultaneous Solution for IWC and
LWC

Actual Case: ICD TWC and LWC Elements

a=0.462
£/=0.950
c=0.112
@=0.900

IWC=0900x7WCm —0.950% LW /0.309

LWC=0112x7TWCm —0.462x LW (Cm/—0.309
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ICD Raw Measurments - No Correction
DC-8 Flight 8/16/2015
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ICD Raw Measurments - IKP
DC-8 Flight 8/16/2015
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ICD Simultaneous IWC/LWC Soloution
DC-8 Flight 8/16/2015
GKN Coefficients Coefficients
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Power LWC (083) vs. TWC (156) Watts
Hight 14 - 2015-05-16
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ne Cayenne 2015-05-16 Falcon 20
015 Belly Mount ICD
LWC Encounter at -10C During Climb to Altitude

/ IWC at Altitude
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Future Activities

An ICD is currently reinstalled for medium/
long term presence on DC-8
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