R&D Trends in Aerospace CFD

N. Balakrishnan
Computational Aerodynamics Lab
Department of Aerospace Engineering

A Short Course on HPC, BigData and Al
SERC
23 January 2020




What is CFD ?

« Computational Fluid Dynamics

« Solving numerically the Navier-Stokes equations (or its
approximate forms) on a discrete space (and time) domain
with the help of high speed computers

* Navier-Stokes equations: partial differential equations
depicting the mass, momentum and energy conservation,
governing the fluid flow




NS equations

Navier—Stokes equations

Equations governing Fluid Flow: Mass, Momentum and Energy
conservation

N-S equations in vector notation
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NS Equations ......
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@ W: Vector of conserved variables
e 7, F: Inviscid, viscous flux vectors




Solving the NS Equations

Solution to NS equations subject to appropriate initial and
boundary conditions

Existence and Smoothness of NS solutions: Millennium
prize problem of clay institute of mathematics

Wind tunnels Vs Numerical solutions

von Neumann: ..... purpose of experiment is to replace a
computation from an unquestioned theroy by direct
measurements..... wind tunnels are computing devices for
Integrating pde governing fluid flow




Solving the NS equations:
CFD process

Grid generation: Discretize the computational domain

Discretize the equations: Finite difference/Finite
volume/Finite element

PDE ==> Algebraic equations
Solve the resulting system of Algebraic equations

General inputs from CFD: Forces & moments




Grids: High Lift flows




Solving NS equations

Non-linearities
Disparate length/time scales
For a real case grids involve several million volumes

HPC a must for computing the NS equations in realistic
time frames

Need: Accurate/robust algorithms exploiting the massive
parallelism offered by the computing platforms




Aerodynamic Design

Wind
tunnel

Aerodynamic
design
and analysis

Flight
testing




Computational Needs: Today &
Tomorrow?

Aerodynamic flows are characterized as compressible,
viscous (high Reynolds number turbulent) flows.

Direct Numerical Simulation

Large Eddy Simulation

Detached Eddy Simulation w/RANS 2000’s
—
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1960’s
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Use of CFD in Civil Aircraft

Use of CFD

* Frequent use

* Moderate use Flutter
. Prediction
« Growing use
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CFD Vs Wind Tunnels

Cost,
Flowtime

The use of new CFD is driven by desperation.
Desperation to remain competitive!

One complete airplane development requires about 50,000 to
100,000 aerodynamic simulations
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Design drivers

Concept to flight test
Environment: emission & noise
Emission: Drag reduction,
Weight reduction,
Efficient propulsion

Combat Aircraft: RCS, Serpentine intake, weapon bay,
store separation....




Concept to flight?

Number of Configurations Variations
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Boeing 787 Experience

Increased computational capability & accuracy

CFD
Tools Baeing

Tools

1985 1990 1995 2000

Boeing

Products 737NG

1980 state of the art Modern close coupled 21% thicker faster Highly constrained Successful Faster and CFD for
nacelle installation, wing than 757, wing design multipoint opti- more efficient Loads and
7 0.02 Mach faster than 767 technology Faster wing than mization design than previous Stability and
737-200 737-300 aircraft Control

Wind Tunnel oo

Wings Tested
VS. CFD 18 CFD ruy
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| |
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Less testing, lower cost, better products




High Lift Design




Configuration Design
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Unsteady Design

CFD Purpose: Predict Unsteady Aerodynamic Effe
* Unsteady simulation on installed rotor configuration
* Validation investigation on A400M and IPEKA test models
* Chimera mesh technique with combined structured & unstructured meshes




Drag Reduction

Drag breakdown (typical)

Excrescence
drag

Wave drag

\ Induced and
trim drag

Viscous drag




Use of Laminar Flow Sections

* Nacelle contours optimized with laminar transition location as additional design parameter
= Structural design and manufacturing methods tailored for NLF benefit




Noise Reduction

Reducing noise for communities

and passengers with new innovationse** |

Fan and corechevrons

J ointdess inlet
Acoustic lip liner




Landing Gear Noise Prediction

Toboggan Fairing reduces
Gear Airflow Boise
N




Noise/Fuel Use: Present Status

Boeing commitment:
Each new commercial airplane generation delivers at least
15% improvement in CO, emissions and fuel efficiency
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Weapons Bay

Weapon Bay

Carrier Variant (CV)
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Store Separation

Pressure (Pa)
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National Civil Aircraft (NCA)

Nexi generation
power plant

Fly by wire flight
control system

Low Drag
Configuration
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| Concepis to reduce :
Maintenance affon /

* Integrated \Vehicle Health
Monitoring (IVHM)

= Structural Health

!

Open distributed
modular AVIONICS
GPS-WAAS-GAGAN
ADS-B

Advanced Displays
Active Vibration and
Moise conirol

= Composite airframe
= Structural Health

Manitoring

Monitoning (SHM)

* Faster Trouble shooting Lean Ground
L | Infrastructure

More Elecinc
aircraft systams




Advanced Medium Combat A/C

Advanced Medium Combat Aircraft (AMCA)

Integrated Design

< p?im:- « AESARadar

+« Mission ¢« InfraRed

+« Maneuvering Search &
Track

Reliability & Maintainability

« High availability & low « Stealth
operating cost

s Electronic Warfare




Unmanned Combat Vehicle




Needs & challenges

Accurate Algorithms

Robust Algorithms for automated CFD process
Highly scalable codes

HPC: Accelerators... GPU/Xeon-Phi

Flying the NS equations? .......




Questions?

THANK YOU
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