M E 522 Spring 2008 Professor John M. Cimbala Lecture 14 02/15/2008

Today, we will:

Finally finish the example problem — the Bénard instability
Discuss some other stability example problems
Do Candy Questions for Candy Friday
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Benard Convection Problem - Eigenvalue Solution for Marginal Stability
J. M. Cimbala

First define the roots g0, q. and gs as functions of wavenumber K and Rayleigh number Ra:

1 1
2 1 Ir‘R *-,|3 ) ) 2 1 IrR *-,|3 ) _
q{K .Ra) = K- = (K5 1+ - 22| {1+ 4f34) | gs(K,Ra) = K™ 1+ - 22| A1 -434)
i . i .
VE ) VE )
Mow define the matrix as given in the class notes (Matrix M is also a function of K and Ra):
i { b i A .’ ! ]
cos| 9U(K.Ra) | cosh q(K.Ra) | cosh)| gs(X.Ra) |
L 2 J .2 ) L 2 S
{ qO(K Ra) {q(K,Ra) (" gs(K,Ra)
M(K Ra) = —q{E .Fa)-sin u | g{K .Ra)-sinh| u | gs(E ,Ra)-sinhi M |
: ' o2 ) o2 o2 )
2 (qO(K.Ra)) ’ "q(K.Ra)) : "gs(K ,Ra) |
2 o) . 2 2 (q(K, 2 A .
|.qI}[K_.Ra}* + K‘_:' -cos| M | |.q[K_.Ra} -K :' -cosh| u | |.q5[K_.Ra} -K :' -cosh| gs(K.Ra) |
L I\.‘_ 2 I\.‘_ 2 I\.‘_ 2 J]_

Define the determinant of this matrix, and its root as functions of K and Ra. Nofe: In order to use the root function,
an initial guess for Ra must be specified. | also had to lower the tolerance for the root function from the default:

Ra guess := 4000 Ea =Ra guess determ({K _Ra) = |M(K ,Ra)| Ra_answer(K) = root{determ{E. _Fa) Ra)

Verify for some initial K1 TOL=1x 10 ° TOL=1010° K=1 Ra answer(K)=5854x 10°

Specify a range of wavenumber K, and solve for the corresponding Fa which yields non-zero roots.
(Emax — Eimin)

ntotal = 100 Emn=1 Emax=8 K =FEmnEmn+ —— FKmax
ntotal

Plot the marginal (neutral) stability curve:
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Rayleigh number, Ra
Write the minimum Ra for stability, along with its wavenumber, K {(I'm not sure why this works in Mathcad):

K = 3111 Ra_answer(K) = 1.708 x 10° — Mimmem Ra 5 V108 @K" 3.\\\‘\
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