Fluid Physics

8.292J/12.330J

Problem Set 5

Consider a cylindrical tank of an Euler fluid, rotating at angular velocity  ( and subject to a uniform gravitational acceleration, g, downward along the rotation axis, as pictured below:
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1. Find an expression for the shape of the fluid surface.

2. Suppose we apply an impulse to some fluid near the rotation axis, forcing it to be displaced upward. By mass continuity, fluid must move in toward the rotation axis near the bottom, and outward away from the rotation axis near the top. 

a. By angular momentum conservation, what will happen to the spin rate of the fluid near the bottom of the tank? Near the top?

b. Assuming that the radial pressure gradient always nearly balances the centrifugal acceleration, what will happen to that gradient near the bottom of the tank? Near the top?

c. What does the answer to (b) imply about the vertical pressure gradient along the rotation axis? Does this development act to support or oppose the original impulse? If it opposes the original impulse, that implies that the system is stable and supports oscillations. Can you guess with which external parameter the frequency of the oscillations scales?
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