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Course Online Resources

» Socrative — in-class student response

» Piazza — for class Q&A and online discussion
https://piazza.com/

College of Engineering 2

Socrative Q b4

» Go to: http://m.socrative.com 4

Get the app — for iPod,
iPhone or Android phone

» Room number : 75443
» Short answer

- What is Computational Fluid Dynamics?
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What is CFD?

Credit: US Air Force Academy, 2007

Computational fluid dynamics

From Wikipedia, the free encyclopedia

Computational fluid dynamics, usually abbreviated as CFD, is a branch of
fluid mechanics that uses numerical methods and algorithms to solve and
analyze problems that involve fluid flows. Computers are used to perform the
calculations required to simulate the interaction of liquids and gases with
surfaces defined by boundary conditions.
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» Short answer

Get the app — for iPod,
iPhone or Android phone

- What basic knowledge is needed for CFD?
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Understanding Fluid Mechanics

» Approaches:

Theoretical Experimental

Numerical
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Review of the derivation of the Equation of
Conservation of Mass
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Review of the derivation of the Equation of
Conservation of Momentum
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Programming
» Python for scientific computing

Python distribution :/ ENTHOUGHT

http://www.enthought. com/
NumPy @ http://docs.scipy.org/doc/numpy/reference/

¥ mat p I Otl | b http://matplotlib.sourceforge.net/
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Socrative Q P
» True / False i

Get the app — for iPod,
~ Do you Know any Python? iPhone or Android phone
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Assessment

» Presentations

218 College of Engineering
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iTunes

iTunes Preview WhataNew®  wisch: oo

Computational Fluid Dynamics - ENG ME702 - Video View More from this Provider

by Lorena A. Barba, Boston University

Description

What's on iTunes iTunes Charts How To
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History of CFD

» Richardson, 1911
» Courant, Friedrichs, Lewy, 1928
» von Neumann, Richtmeyer, 1950

» Lax, 1954
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History of CFD

» Richardson, 1911
» Courant, Friedrichs, Lewy, 1928
» von Neumann, Richtmeyer, 1950

» Lax, 1954

IX. The Approximate Arithmetical Solution by Finite Differences of Physical
Problems involving Differential Equati with an Application to the
Stresses in a Masonry Dam.

By L. F. Ricuarosox, King's College, Cambridge.

Ce icated by Dr. R. T. Gr F.RS.

Received (in revised form) November 2, 1909,—Read January 13, 1910.

218 College of Engineering
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Introduction to CFD

» Recall the Navier-Stokes equation

ov . .
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» Why is it needed?

» system difficult to test through experimentation

» Why is it needed?
» quickly test many scenarios, to answer “what if"

» faster or easier than experiment

Simulation of a swimmer
wearing a Speedo suit

Simulation of turbulent
mixing inside a rotating
impeller mixing vessel
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» Why is it needed?

» simulations for entertainment

Simulation, by Ron Fedkiw, Frank Losasso, Jerry
Talton and Nipun Kwatra, Stanford University

» Myriad applications!

Three-dimensional computational fluid dynamics
model of a canine nose reconstructed from high-
resolution MRI scans. (Image: Eric Paterson)

Basic ingredients of CFD
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Model & discretize

(1) the mathematical model

(2) choose discretization method
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Analyze & resolve

(3) analyze the numerical scheme

(4) Solve
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Visualize

College of Engineering
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The finite difference method

TTT T YT T YTy

TTT T T T T T T T T T T T U T T T YT T

YV

» basic concept — approximate derivatives

» first step — define numerical grid

» Recall the definition of a derivative:
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» Recall the definition of a derivative: (

R ;backward
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» Finite difference approximations:

SXacy

» Finite difference approximations:

~ kbackward

» Finite difference approximations:
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» Finite difference approximations:

» Accuracy of the FD approximations
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