M E 522 Spring 2008 Professor John M. Cimbala Lecture 02 01/16/2008

Today, we will:

Continue to analyze the steady, laminar, 2-D, thin (boundary layer approx.) jet similarity
solution

Do an example problem — 2-D jet entrainment

Start talking about axisymmetric boundary layers
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Example Problem: 2-D Incompressible Laminar Jet

Author: John M. Cimbala, Penn State University
Latest revision: 14 January 2008

Given: A fully submerged 2-dimensional channel of height % is dumping polluted water into a large quiescent lake.
Approximate the initial jet as a uniform plug flow (constant velocity U, over the entire height /). For

simplicity, assume the properties p, 4, etc. of the effluent (the polluted water from the drain), are the same as
those of the ambient water in the lake.
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To do:
(a) Calculate the momentum flux of the jet (per unit width into the page).

Solution:

Y
j U, dy = pU,’h . In other words, since the jet is
initially uniform, the momentum flux per unit width into the page is simply [M = pU,’h|. This momentum flux is
constant at any x location, as discussed in class.

We integrate at x = 0, the origin of the jet, M = I pu’dy =p

b) Calculate the initial mass flux of the jet (per unit width into the page).
Solution:

"
J' U,dy = pU,h . Again, since the jet is

e

initially uniform, the mass flux per unit width into the page is simply . This mass flux is not constant

with x location, as discussed in class — in fact, the mass flux increaseS downstream due to entrainment of the
surrounding ambient fluid. .
i,
/‘ ’ n

c) If the jet remains steady, laminar, and 2-D, the boundary layer solution discussed in class is applicable. Namely, as
x increases, the jet entrains ambient fluid like x'*, and the polluted water becomes diluted. Assuming that at any x

—_—

location the fluid inside the jet is fully mixed (well-mixed), generate an expression for how far downstream one

must go in order that the jet contains only 1% of the initial effluent, and 99% ambient water.
/___—-

Similarly, we integrate at x = 0, the origin of the jet, i, = I pudy = p

Solution:

At any x-location, the mass flux is given by m = 3.302(p,uM)% x% . S0 we need to find x where 7, /i =0.01,0r

: : 100 Y #%U
3.302( puM )% x/* =1001, , or 3.302(p? uU,*hx)"* =100pU,h . Solving for x gives |x =| ——— | —=2| where
3.302) (7,
v = ul p is the kinematic viscosity. (Notice that the answer is independent of density?)

d) For A =5.00cm, Uy =10.0 cm/s, and v=0.0100 cm?/s, what downstream distance is required for the conditions of
Part (c)? —
[we at a\lo 6lJoeniny st

Solution:
Plugging in the numbers, we get |x =6.9x10° cm, or approximately 4300 miles‘! e fobmax & M
_— — f X s feoy f omertom
Discussion: Clearly this is not a realistic answer! Jfhye &Y The Jame

Why not? What have we assumed incorrectly? What would happen in real life? ot *A
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