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Sensors and Intcggated Systems:

De-icing & Specialty Systems
Fuel & Utility Systems

Hoist & Winch

Sensor Systems

Digital Data Systems

= 3,000 employees worldwide

Worldwide Locations
United States
Canada
Mexico
France
England
Germany
Italy
Singapore
China
UAE
India
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Goodrich, SIS-OH Icing Wind Tunnel

SZTLING LENG A

HEAT EXCHANGER,
150 SQ FT,
8 ROWS DP

SETTLING
LENGTH

6 INCH SPACING
BETWEEN VANES,
2:1 CONTRACTION

HONEYCOMB FLOW
STRAIGHTENER

22 EX2ANSIZN
THROUGH
CORNER 3

3rd DIFFUSER

1.6:1 EXPANSION
RATIO
CORNER 1
(PNEUMATIC DE-ICERS)

IWT Cloud Uniformity Test4 8/16/02
Vel:175mph Temp:0F LWC:1.58 MVD:20 Time2:00 Pair:39.8 Pwater:52.6

——

1—1:5

0 Vertcal Location

45

H -

AXTAL FAN,
140,000 CU FT
PER MINUTE
10 FT
FLOATING
SHAFT
CIRNER 2
111 CONTRACTION RATIM,
3 DIMENSIONAL DUCT CONSTANT
o~ AREA TURN
ADJOINING
NS “/CDLD ROOM x s | ~2o0 He
; 12° X 8 X 4 [l ELECTRIC
_— MOTOR
(7> SPRAY
BARS
22" X 44* %
TEST SECTION ii-'ﬂ‘ 2nd DIFFUSER

3
Horizontal Lacation (in)

June 9, 2009

Porcont of ice as cor
mount of ice at (0.0)

in)

mpared

5100105



L6LSTT-600C—dD/VSVN

eLT

P

GOODRICH

Sensors and Integrated Systems

NASA GRC Airframe Icing Meeting

* Accomplishments — NASA GRC

— World Class Aircraft Icing Research Center and Facility

Primary Sponsor / Partner - Aircraft Icing Consortia / Meetings
Icing Research Tunnel

Icing Test Aircraft

Icing Codes — LEWICE / Scaling, et al

Development of New Technologies (SBIR, STTR, et al)
* Example: Look Ahead Ice Detection

Pilot Training Materials
Full Cooperation with Academia, Government and Industry
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e Recommendations - Codes
— User Friendly - 3D LEWICE

* Incorporation of Runback / Evaporation Module

Coupled Aero / Thermal / Runback / Ice Shapes
— Aero with Enhanced Near Field Effects
Temperatures / Conditions at which Ice will not Accrete
Include SLD and Ice Crystals (Mixed Phase)
— Splash / Loss of Large Droplets
LEWICE Verification
Suggestions:
— Form LEWICE Consortium (User Community Team)
— Regular User Community Updates through SAE / ATAA, et al
— Conduct Training Sessions
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e Recommendations - Codes

Model Icing Wind Tunnels
» UIUC Proposal — Model IRT — Extend for other tunnels
» Explain Differences between Facilities
» Explain Differences between IWT and Flight
Develop Thermal Scaling Laws
* Critical for Next Generation Electrothermal IPS
Engine Icing — Internal
Rotating Components — Propeller / Propfan / Rotorblade
* Wind Turbine
Ice Shed Trajectory Model
* How Shed Ice Breaks-Up in the Air Stream
* Where Shed Ice Strikes the Aircraft

June 9, 2009



L6LSTT-600C—dD/VSVN

9LI

e
GOODRICH

Sensors and Integrated Systems

NASA GRC Airframe Icing Meeting

e Other Recommendations

— IRT / Test Facilities
* Develop SLD / Mixed Phase / Ice Crystal Test Capabilities

* Engine Test Facility
— Nacelle Inlets to Fan
— Internal to Engine

* Cost
— Basic Icing Research

— Impact Ice Formation
— Ice Adhesion
— Impact Ice Physical Properties
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