HIGH -FIDELITY INTO PRELIMINARY
AIRCRAFT DESIGNS FRAMEWORKS
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YESTERDAYOS SPEAKERS

A M. Daoud, Airbus

A Intermediate fidelity modeling
A 80% solution accuracy in very little wall -clock time

A Mr. Schneegans , Pace

A Systems -based design
A Redundancy , multi -spoilers, ice protection system
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OUTLINE

A Ecole Polytechnique at a Glance
5 min.
A Research  Activities
A High - Fidelity framework
A Low - Fidelity Non  -Linear VLM model
A Coupling procedures
A 25D approach, transonic, high -lift and icing applications
A Elliptic wing

A Realistic configurations

A Expose few Canadian Financing Strategies
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Ca n a d 2nd dargest campus 64 500 students
2 640 professors including 16 800 graduate students

7 900 international students



Ecole Polytechnique

A STRONG PRESENCE IN KEY INDUSTRY SECTORS

Environment and : L|nformation

Nanotechnologies sustainable :
development technologies




NSERC RESEARCH GRANTS IN PARTNERSHIP WITH INDUSTRY

POLYTECHNIQUE LEADING THE PACK

Ecole Polytechnique

University of British Columbia 5.54
University of Waterloo | 5.14
University of Toronto i 4.85
University of Alberta i 477

McGill University
Université Laval
University of Calgary
McMaster University
Université de Sherbrooke
Queens University
Université d'Ottawa

University of Western Ontario

Dalhousie University

Concordia University

Source: NSERC, 2006-2007 7



Undergraduate training

12 PROGRAMS

: New programs
(18t in Quebec)

Aerospace
Engineering

Biomedical
Engineering




International Visibility

Bilateral exchange programs Chapters of the Association
des diplomés de Polytechnique
agreements in Tunisia and in France

250 ciion
institutions

15countries..-.._\,‘,.,,..,,,,_m_ < ' : s

«

S=international®

1 O O students on y students Mission Poly-Monde and
exchanges 4 6 O

onexchange "Comité international des projets
abroad programs %
outre-mer (CIPO)

Advisory role with embassies, o
Québec delegations, etc. — :

Presses internationales Polytechnique



Background: Diplomas

A B.Eng. McGill (Montreal), 1989
A Aeronautics option

A D.E.A. Su p 6 A@aulouse), 1990
A Thesis: aerodynamics of three surface configuration

A Internship ENSEEIHT (Toulouse), 1991
A Aerospatiale, Advanced Design Department
A 100 seater jet design

A Ph.D. University of Washington (Seattle), 1995
A Thesis: Boundary -Layer Bleed Roughness
A Financed by Gov. of. Quebec, U.W, NASA High Speed
Transport
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Background: Bombardier Aerospace

A Bombardier Aerospace, 1996  -2011
A Advanced Aerodynamics
A Lecturer Polytechnique Montreal (Aerodynamics)
A CFD flow solvers, High Performance Computing
A Boundary -Layer, transition
A Aircraft aerodynamics
A Book (Springer, 2005 with Cebeci, Kafyeke and Shao)
A Head, Aerodynamic Research (  U05)
A Icing, High -Lift, High -Speed, CAD, grid generation,
Multi - Disciplinary Optimization
A 7 aircraft programs: CRJ700, CRJ900, CRJ1000,
Challenger 300, Lear85, Série -C, Global 7/8000

A Strategic Technologies
A Core Engineering R&D Portfolio
A 1P
A University relations (including governance)
A Boards/Committee: CFDSC president (2010 -12)
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Background: Responsibilities

A Polytechnique Montreal, since 2011

A Associate Professor
A Acting Director, Aerospace Engineering program
A Thermodynamics, Aerodynamics, Projects (3 d 4t year)

A Committees

A Member , Compute Canada, Inaugural Advisory Committee
on Research, Oct. 2013 -2016 (Canadian Supercomputing )
A Member , Aero -Montreal, Innovation Working group, Sept.
2012 -now (Montreal Aerospace Cluster )
A Scientific Committee , International Conference on High
Performance Computing &  Simulation HPCS 2015
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AREAS OF RESEARCH

A High -Fidelity aerodynamic modeling

A Chimera solvers, URANS (dual time -stepping, Non -Linear
Frequency Domain), Turbulence modelling, FSI

A Aero-Icing/Anti -Icing

A Far-Field Drag predictions

A Flow control: Laminar airfoil design (morphing, plasma)
A Mesh Generation (out -of-CAD, in -CAD)

A Frameworks
A 3D NSMB (CFS Engineering, 7 European Universities)
A 2D NSCODE ( Ecole Polytechnique )
A 3D/2D FANSC (Bombardier Aerospace)
A CANICE ( Polytechnique /Bombardier)
A ANSYS, ICEM, Python, C, C++, Fortran 90/2003, OPEN -MP, MPI

A Low-Fidelity

A Viscous -Inviscid coupling via Non -Linear VLM
A 2D and 2.5D RANS models World -Class Engineering 13




INTRODUCTION TO NSCODE

Platform for CFD research, developed at Ecole Polytechniqgue Montreal

A External Flows

A Mesh generation

A Turbulence Modeling

A Steady/Unsteady Flows

A Ice Accretion
14



TRANSITIONAL  RANS: MULTI -ELEMENT VALIDATION

MDA 30N -30P
Re =9 10°
a=8°

M=0.2

TI, =0.25%
b=10

Turbulent Flow (KW-SST)
0 — — — - Turbulent Flow (SA)
——————— Transitional Flow (Segregated)
— — — - Transitional Flow (Coupled 2 by 2)

22BN ———— - Transitional Flow (Modified Segregated) t Turbulence |ntensity Contour
(Transition Locations are indicated by circles)

e Machine -Level Convergence is
""" T - achieved through Introduction ofa
™ modified segregated approach

L, norm of the density residual

World -Class Engineering 15
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