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Homework Problems for February 1
These problems are designed to give you more experience with actually using the equations derived in class.  The first two problems are fairly straightforward.  Problems three and four are moderately difficult and problem 4(c) is designed to test your ability to manipulate the differential equations that we have discussed.

1.
In the notes for deriving CFD equations, the momentum equation for a Newtonian fluid is given in Cartesian tensor notation in equation [1-31].
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Use this equation to write the momentum equations in the y and z directions, using x, y, and z for the coordinate directions and u, v, and w for the velocity components.  (Hint: see equation [1-32] which is the x momentum equation.)

2.
Equation [1-64] of the notes defines the dissipation term as follows.


[image: image2.wmf]2

)

3

2

(

D

-

+

¶

¶

÷

÷

ø

ö

ç

ç

è

æ

¶

¶

+

¶

¶

=

m

k

m

j

i

i

j

j

i

x

u

x

u

x

u

D

Φ



Write the dissipation in terms of the coordinates x, y, z, and the corresponding velocity components u, v, and w, without using the summation convention.

3.
Construct a dimensionless form of the energy balance in equation [1-70] of the notes.
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Use the following quantities: U∞, ∞, T∞, k∞, ∞, and L as reference values for velocity, density, temperature, thermal conductivity, viscosity, and length to define the following dimensionless variables: dimensionless distance i = xi/L, dimensionless time,  = tU∞,/L, dimensionless velocity component i = ui/U∞, dimensionless density, ’ = ∞, dimensionless thermal conductivity, k’ = k/k∞, dimensionless pressure, P’ = P/∞U∞2, and dimensionless temperature, θ = T/T∞.  Obtain the following dimensionless equation for the ideal gas case there P = 1/T, cp = cv + R = R/( – 1), and a2 = RT∞, where a is the sound speed and  = cp/cv.
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In this equation Re = ∞U∞L/∞ is the Reynolds number, Pe = RePr = cp∞U∞L/k∞, is the Peclet number, Pr = ∞cp/k∞ is the Prandtl number, and Ma is the Mach number: Ma2 = U∞2/a2 = U∞2/(R T∞) and *D = (L2/U∞2∞)D.
4.
Some algorithms for the numerical solution of two-dimensional flows use variables know as the stream function and the vorticity.  These algorithms eliminate the need to solve for the pressure as one of the variables.  In this problem we will consider two dimensional flows with constant properties.

(a)
Show that the continuity and momentum equations for two-dimensional, constant property flows with no body forces are given by the equations below, where  = / is the kinematic viscosity.
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 (b)
The stream function, , is defined as follows.
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The vorticity vector, , is defined as the curl of the velocity:  = curl V.  For a two-dimensional flow there is only one component of the vorticity, z, which is simply given the symbol  for two-dimensional flows.  It is given by the usual equation for the z-component of the curl of a vector.
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Show that the definitions of stream function and vorticity lead to the following Poisson equation for the stream function.
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 (c)
Derive the differential equations for the vorticity from the x and y momentum equations for constant-property flow from part (a).  Take (/(y of the x-momentum equation, (/(x of the y momentum equation and subtract the first result from the second.  Manipulate the result, using the continuity equation to eliminate some terms, to obtain the following equation
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5.
Get a copy of the following article from the CSUN library online journal collection: Forrester T. Johnson *, Edward N. Tinoco, N. Jong Yu, “Thirty years of development and application of CFD at Boeing Commercial Airplanes, Seattle,” Computers and Fluids, 34:1115-1151 (2005).  Read the first part of the paper up to section 4.1, headed Linear Potential Flow, on page 1125.  Write a brief summary of what you learned by reading this part of the paper.

As noted in the course outline, you can search the CSUN library from the following URL: http://library.csun.edu/.  Once you find an electronic journal, click on the title that contains the word “online”; when you get to the next page, click on the link “Full text available from SciendeDirect Journals”.  This will bring you to a list of volumes and issues that you can use to find the reference above.  If you access this site from an off-campus computer, you may be asked to enter your user ID before you can access the journal.
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