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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



  

NS Equations ......



  

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



  

Computational Needs: Today & 
Tomorrow?



  

Use of CFD in Civil Aircraft



  

CFD Vs Wind Tunnels



  

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?



  

Boeing 787 Experience



  

High Lift Design



  

Configuration Design



  

Intake ducts

Intake Design



  

Unsteady Design



  

Drag Reduction



  

Use of Laminar Flow Sections



  

Noise Reduction



  

Landing Gear Noise Prediction



  

Noise/Fuel Use: Present Status
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Weapons Bay

Weapon Bay



  

Store Separation



  

National Civil Aircraft (NCA)



  

Advanced Medium Combat A/C



  

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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