Assignment #4  (45 pts) 


Names:
__________________________ 
________________________


__________________________
________________________
1.  ( 10 pts) A First look at jet flows:  Recall last semester that we considered an ideal contracting pipe and we learned that for an incompressible fluid 
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.  See the following diagram of our pipe:
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If the area at the exit is half the entrance, then the outflow is twice the inflow 
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.  If the pipe is not held fixed, it will accelerate backwards due to this increase in velocity (Think of the pushback you feel when you put your thumb over a hose nozzle).  
----  We can find this backwards acceleration of the pipe by examining the change in momentum flux in relation to the acceleration:  
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(1)
We may assume that fluid density is constant, 
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,  throughout the pipe and that the total volume of the pipe is 
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Use equation (1) to show the backward acceleration of the pipe is 
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2. (5 pts) A 2-D stream function is a scalar quantity that can be related to the velocity field by 
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 and 
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.  Given this relationship, show that the vertical vorticity is related to the stream function as follows:
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3.  (10 pts) The results of problem (2) are useful for analysis of the Navier Stokes equations.  Take the linear form of the 2D Navier-Stokes equation below:
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(2)
In the above, 
[image: image13.wmf]u

 is the kinematic viscosity and can be considered constant and density only depends on the vertical, 
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 of equation (2) and subtract  
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 of equation (1) from it to show that 
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4.  (10 pts)  Since 
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 is a linear equation, we may assume a solution of the form:  
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Where 
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, k and l are constants and 
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Substitute the linear solution, 
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 to obtain an algebraic relationship between
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,  k and l  and the kinematic viscosity 
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5.  (10 pts) Substitute your solution for 
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 EMBED Equation.3  [image: image29.wmf]t
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 and explain what you observe as 
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Explain how this result shows you that the viscous term of the Navier-Stoke equation is a dissipative term. 
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