Assignment #5 (50 pts)  

Name: ___________________________
______________________________


___________________________
______________________________

1.  For a long-wavelength water wave with amplitude A, the unsteady near-surface flow field can be defined as 
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, where 
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 is wave frequency and t is time.
a.  (10 points)  Use the streamline equations to derive the following equation of a streamline for a fluid parcel at the origin at time 
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.  Show all work.  (Hint:  for the streamline to pass through the origin, 
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 at time 
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, the constant of integration must be zero.)  

b.  (5 points)  Now find the equations for a parcel trajectory that passes through the origin. Show all work.  (Hint: remember that 
[image: image8.wmf]/

udxdt

=

 and 
[image: image9.wmf]/

vdydt

=

.  Integrate the velocity components with respect to t, then solve for the constants of integration evaluated at 
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.  Your equation for x should be 
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c.  (5 points)  Finally, show that the trajectory of a surface fluid parcel associated with a long-wavelength water wave is actually a circle.  Hint:  take the result from Part b and rearrange the terms to eliminate the variable t.  Remember that 
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 and the equation of a circle is 
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, where l and h are the respective radii.  To keep l and h as constants in the equation, do not simplify 
[image: image14.wmf](

)

(

)

22

sincos

tt

ww

¢¢

+

.
2.  (5 pts)  Velocity potential.  For a two-dimensional flow 
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:  Show that the Laplacian of the velocity potential, 
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, is equal to zero for horizontal, non-divergent flow with the following velocity component equations, in terms of the velocity potential 
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3.  a. (5 pts)  Streamfunction and vorticity.  Given that the velocity components for a two-dimensional flow, non-divergent flow can be written in terms of the streamfunction 
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Prove that the vertical component of vorticity, 
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, satisfies the following equation for the streamfunction:  
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.  Show all work.
b.  (15 pts) For streamfunctions of the following two forms, 
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, where m and n are dimensional constants with units m s-1 and s-1, respectively:
(i) Draw/sketch the resulting flow field vectors at the points 
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 with m = n = 1.  
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(ii) Calculate the vertical vorticity 
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 for each streamfunction.  
(iii) Do your sketches in Part (i) agree with your vorticity calculations in Part (ii)?  Why or why not?
d. (5 pts) What are the units of the streamfunction, 
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