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3 campus, 11 colleges, 67 divisions and departments
23,000 students

730 full-time faculty members

Founded in 1948

Aerospace program (9 faculty; 172 undergraduates; 120 graduates)
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Develop advanced computational models for
rarefied (and micro/nano-scale) gases,
aircraft icing and stealth upon which others
can build efficient CFD/CHT & CEM codes

http://acml.gnu.ac.kr ) <Open knowledge>
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¢ |nternational collaboration and :
Effective Use of CFD for

professional course In-flight Icing Certification

In-flight ice formation on aircraft, rotorcraft, jet engines, UAV,
detectors, antennae and optronics surfaces can significantly
ajfectperfnmmce handling qualities and safety. OEM or

v certification campaigns, long and tedious,can =~ g 4
beg]mﬂyhelpedmthmndmmngcm .

Mndern icing CFD is deﬁ.ned as Inuls that are an extension of . <
aer design and logies. Such an integrated T
aerodynamu:ﬁu.ngapprmach is proving itself a cost-effective aid- Information
to-design-and- m-m'tﬁmhm when made part of a well-structured
li plan. Using "ad 1 and realistic” 3D simulations Date October 18 - 22, 2010

based on modern physical models allows a more comprehensive
exploration of the combined aircraft/icing envelopes, optimized

ice protection system design, and targeted/focused /reduced icing Jinju, South K
tunnel and flight tests. The end result is a more cost-effective and
safer product that is easier to certificate. Cost 1,500 US$ + applicable
taxes
This course presents the state-of-the-art of icing CFD by linking
ﬂleulybnapphmhons.lt)sshuchu‘edtnhenfequalmterestm form enclosed or on
- NTI web site
icing, sy and flight g
regulamrsandDERs. E-mail events@newmerical.com

Detailed knowledge of CFD is not essential. The lectures cover the Web site - www.newmerical.com

major aspects of in-flight icing simulation: airflow, water
impingement, ice accretion, anti-icing and de-icing calculations;
handling quality issues; CFD-assisted certification.

Instructors

Mr. Martin AUBE

The instructors bring a wealth of kmowledge, as scientists who HEwmesiml Tecnlases
have produced codes in current use, practicing engineers who Mr. John P. DOW, Sr.
certify aircraft for major manufacturers, and former regulators " Consultant
who have closely monitored certification campaigns and have a Former FAA Specialist
deep understanding of safety issues.

i Pro. Wagdi G. HABASHI
e : McGill University
newmerical - .
-"@\'\ TeeangLEgIEE BT | i Pt Hhs e MVORG
| Gyeongsang National

eru IALTSOFT =
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" McGill

Dr. Alberto PUEYO
Bombardier Aerospace
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® |ce accretion on blades and its impact on performance

- Code development

¢ |ce detectors and anti/de-icing systems
- Survey

- Computational analysis

e Mass imbalance due to ice accretion

- Computational analysis

e |ce shedding

- Methodology and associated algorithms
¢ |cing wind tunnel test

- Consulting & virtual icing wind tunnel
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Communities, journals, and textbooks

CFD & icing glossary
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e |ecture 4 Anti/De-icing System (31 pages)

Atmospheric Ice Accretion on Wind Turbine Blades Introduction
© 2011 GNU Aerospace Computational Modeling Laboratory http://acml.gsnu.ac.kr/ Gyeongsang National University, South Korea
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Wind Engineering
Wind Energy
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e CFD (Computational Fluid Dynamics)
Navier-Stokes-Fourier equations;
Lagrangian & Eulerian;
Dimensionless numbers (Re & M);

Discretization (grid), consistency (truncation error), stability (Courant-Friedrichs-
Lewy condition)

® |cing
Air speed, anti-icing, critical surface, cumulous clouds;

De-icing, freezing rain, glaze ice, liquid water content (LWC; g/m”3), median
volumetric diameter (MVD; micron);

Residual ice, rime ice, runback, stratus clouds, supercooled (until -40C), supercooled
large droplets (SLD; MVD>50micron);

Temperature inversion, stagnation temperature

Appendix C, D, O (for aircraft icing)
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