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Aircraft Emissions : aiming for net zero carbon

Multiple Levers of Improvement
Sustainable Aviation Fuel (SAFs)
Operational Improvements (Air tra ¢ and ight planning optimization)
Novel aircraft & propulsion technologies (Engines, Aerodynamics)

e

Jet uel hixd with SAF ) Blended wing body concept
Source: Airbus
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The key role of Aerodynamics

Glenn

Lift to Drag Ratio Research

(L /D ratio) Center

Drag=- D

Thrust=F B
‘ Weight— W

( airspeed ) ( lift initialwer‘ghr)
fuel consumption drag ﬁnalwcfghr

Lift to Drag ratio (Source : NASA)
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. . . ind fur;nel testing
Computational Fluid Dynamics (CFD) .
Cost 100 - 1000$/hour (Source: CHAMPS) Cost 1000 - 100008/hour (Source: ETW)

S

CRJ7000 Flight Test
Cost 100 000$/hour (Source: Bombardier)
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Ice accretion on 'tHe wing leading edge Wing bending
(Source: Flight Safety Foundation) (Source: Aviation Stack Exchange)

Contrail formation
(Source: Spartan College)
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The Fidelity Spectrum in CFD

Increasing
Fidelity

No
modelling Months

Turbulence Days

modelling

Inviscid Hours

Irrotational .
Minutes
Seconds
Decreasing

- Available in CHAMPS
G Work in progress

Classi cation of turbulence models

Computational Cost
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Parallel CFD for HPC

Solving Strategy

Volumetric Meshing around complex
geometries

2D Meshes: Ranging from 0.5 to 1.0 Million
Unknowns

3D Meshes: Handling up to 1 Billion Unknowns

High-Performance Computing (HPC):
Leveraged to signi cantly reduce computation
time

Problem Decomposition: The problem is
partitioned into smaller sub-problems
interconnected via interfaces

Task Parallelization: Each sub-problem runs
independently on dedicated tasks
Communication Optimization: Minimizing
communication overhead to maximize overall
e ciency
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CHAMPS: Advanced 2D-3D CFD Solver

CHAMPS (CHapel MultiPhysics Software)

2D-3D Unstructured Reynolds Average Navier Stokes Solver

Second order nite volume

Convective Fluxes : Roe, AUSM

SA, k-1 SST-V and Langtry-Menter transitional turbulence models

Explicit solver (Runge-Kutta) and implicit solvers (SGS, GMRES)

Linked to external libraries: MKL, CGNS, METIS and PETSC

Multi-Fidelity Solvers: Potential, Non Linear Vortex Lattice, Euler, RANS, URANS, LES, DNS
Multi-Physics: Icing (Deterministic, Stochastic), Fluid-Structure Interactions, Contrails

CHAMPS Software : 150,000 lines of code !

Pre-Processor 17K lines

Post Processor 2K lines

Flow Solver 15K lines

Turbulence Solver 13K lines

Droplet Solver (Eulerian + Lagrangian) 24K lines
Fluid-Structure Interaction Solver (Coupling + FEM) 15K lines
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Fluid cells - Ghost cells . Solid cells
[ i

Coarse Cell Classi cation w/ Cartesian Mesh Wall Point identi cation procedure

Full Potential flow via Immersed Boundary

Using a cartesian mesh instead of a body- tted mesh signi cantly expands the solver’s practicality by
signi cantly reducing meshing time and simplifying geometry handling, bene ts that are particularly
valuable in preliminary design phases.

Its applicability is also enhanced as it facilitates multi-disciplinary simulations involving moving
boundaries, such as icing and aeroelasticity.
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Full Potential via Immersed Boundary
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High-Fidelity models

RANS, LES, DNS "
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Reynolds-Averaged Navier Stokes (RANS)

Left: Surface pressure coe cient for the Common Research Model in transonic regime.
Right: Skin friction coe cient of the Common Research Model in High-Lift conditions.
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