CEE 451G
Homework Assignment 3
Introduction
This assignment is designed to help you understand the concept of the tensor of convective momentum flux.

Consider Figure 1.  Baseballs are shot from baseball guns into a baseball field.  The distance between guns in the x direction is L.  Each baseball has mass m.  The baseballs travel at velocity uy in the y direction (ux = 0 in this case).  A baseball is released every ( seconds, so that the distance r between baseballs is given by the relation
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The momentum in the y direction of each baseball is muy.  Our goal is to determine the rate at which momentum in the y direction is fluxed across the solid line normal to the y direction, per unit line distance in the x-direction per unit time.

The control volume in Figure 1 has length (in the x direction) (x and width (in the y direction) uy(t.  The total mass in the control volume is equal to m times the number of balls in the control volume.  The total momentum in the y direction in the control volume is m times the number of balls in the control volume times uy.  The number of balls in the control volume is equal to ((x/L) times (uy(t)/r.  So the total mass and momentum in the y direction that crossed in time (t are given as
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(1a)
The rate at which mass is transported in the y direction per unit length normal to the y direction per unit time, as well as the rate as which momentum in the y direction is transported in the y direction per unit length normal to the y direction per unit time are thus given as
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(2a,b)
Denoting the “areal density” (A of mass (mass per unit area) as
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 (A = m/(Lr), the expressions of (2a,b) can be written as
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(4a,b))
Below we generalize this result for a velocity that has components ux and uy in the x and y directions.
Problem
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Consider the geometry of Figure 2.  The balls are released at angle ( to the y axis with velocity u, so that each ball has momentum mux in the x direction and muy in the y direction, where (ux, uy) = (usin(, ucos().
Consider the illustrated control volume with length (x and diagonal width u(t.  The number of balls in the control volume is equal to ((x/L) times (u(t)/r.  The area of the control volume is (x times uy(t.

1.  Show that the areal density (A of ball mass, i.e. ball mass per unit area, is given as
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(5)
2.  What is the rate per unit length normal to the y direction per unit time at which ball mass m crosses into the ballpark?

3.  What is the rate per unit length normal to the y direction per unit time at which ball momentum in the y direction muy crosses into the park?

4.  What is the rate per unit length normal to the y direction per unit time at which ball momentum in the x direction mux crosses into the ballpark?

Express your results to parts 2, 3 and 4 using equation (5), so as to get results analogous to equation (4a,b).
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