INTRODUCTION TO COMPUTATIONAL FLUID DYNAMICS

In this lesson, we will:

Introduce Computational Fluid Dynamics (CFD) and discuss the general procedure for
how to apply it to fluid flow problems

Show some examples of CFD solutions (steady vs. unsteady, two-dimensional vs. three-
dimensional, flows with heat transfer, incompressible vs. compressible, inviscid vs.
viscous)

Review — Equations of Fluid Flow
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CFD Solution Procedure
All figures from Cengel and Cimbala, Ed. 4.
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Examples of CFD Solutions (All figures from Cengel and Cimbala, Ed. 4.)

Steady Two-Dimensional Flow: This is laminar flow over a circular cylinder. Shown are
contours of the of tangential velocity component.

Separation point

Unsteady Two-Dimensional Flow: This is laminar flow over a circular cylinder. Image (a)
shows vorticity contours from CFD. Image (b) shows dye streaklines from experiment.
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Steady Two-Dimensional Flow: This is flow over a stator blade in a periodic array of stator
blades of an axial flow fan. Plotted are streamlines and vorticity contours.
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Steady Three-Dimensional Flow: This is flow through the stator blades of an axial flow fan
(rotor blaces are downstream, not shown). Plotted are pressure contours.
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Steady Two-Dimensional Flow with Heat Transfer: This is flow over an array of cylinders
in a heat exchanger. Plotted are temperature contours.

Steady Three-Dimensional Flow with Heat Transfer: This is flow over a printed circuit
board, comparing chip surface temperature as a function of chip orientation. Shown below
are the two configurations. Shown on the next page are boundary conditions and temperature
contours.
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Steady 2-D Compressible Flow: This is flow through a converging-diverging nozzle,
generating supersonic flow and a shock wave. Plotted are contours of stagnation pressure. In
the top 1mage, friction on the walls is not included. In the bottom image, friction is included.
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Steady 2-D Compressible Flow: This is supersonic flow over three two-dimensional wedges
with different wedge angles: 8 = (a) 10°, (b) 20°, and (c) 30°.
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