Homework 1: AE601, Computational Fluid Mechanics
September 6, 2007
Due: September 13, 2007, beginning of class

Problem 1:  
a) Derive the 2-dimensional momentum equation in x and y direction in differential form by applying the principles of momentum conservation (or Newton’s second law) to an infinitesimal small fluid element.  (Do not use the derivation of the integral form to obtain the differential form using Gauss’ law).
b) Explain in words the physical meaning of each separate term in the equations.

Problem 2 Matlab Visualization exercise: 

The velocity field of a creeping flow over a sphere (Stokes flow) can be analytically determined by solving the Navier-Stokes equations subject to the no-slip zero velocity condition at the sphere’s surface and the undisturbed flow condition far away from the sphere. The velocity field in the r,θ plane is expressed as:
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a) Transform the velocity to the x,y coordinate system (ux, uy). 

Take the freestream velocity, U=1, and the radius of the sphere a=1, and the velocity zero for r<a.

b) Make a contour plot of the ux-velocity in a square domain with dimensions of 3x3 on a grid with 40x40 grid points. Use the Matlab “meshgrid” command.
c) Make a streamline plot of the flow using the “streamline” command in matlab.
d) Make a vector plot using the coneplot command (Matlab allows for 3D vector plots only, so make a 3D plot on a 3D mesh, and take the uz-velocity in z-direction to be zero).

e) Make a 2D plot using the “plot” command of ux velocity versus y at x=0 and x=1. Put in labels, a title, legends. Make a publication worth graph.
Consult the Matlab manual for more information on the commands and their implementation. This problem must be answered in the “computer homework write-up” format.
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