SO414 Oceanic and Atmospheric Processes

Lab 1:  Solid Body Rotation
Background:

Since we will be discussing fluid flow subjected to rotational motion, it is important to visualize what happens to the surface of the water as it starts to rotate initially and at some later time when equilibrium has been reached.  In this experiment we study equipotential surfaces and modifications of gravity due to centrifugal forces in a rotating frame of reference.  The goal of this experiment is to visualize how the surface changes when a rotational motion is imparted to the fluid.
In this experiment, the tank is insulated from external forces (both mechanical and thermodynamic), and eventually as we spin it, the water will reach solid body rotation. In such a state the free surface of the water is not flat but takes on an entirely different shape.  For the same reason rotating planets, such as the earth and, even more so, large, rapidly rotating planets such as Jupiter, are not perfectly spherical, but instead oblate spheroids that bulge at the equator. In this experiment, we study why. 
Recalling that the period is the time it takes for us to come back to our starting point, we can then make several calculations.  The rotation rate in revolutions per minute, rpm = 60/T.   The angular velocity of the tank, Ω , in radians per second = 2/T , and the Coriolis parameter (f) is defined as f = 2Ω.  Once we have the angular frequency, we can then calculate the depth of the rotating fluid.
The depth of the rotating fluid surface in solid body rotation, h, is given by:

h(r) = h(0) + Ω2r2/(2g)          (1)



Where r is the distance from the axis or rotation, Ω is the rate of rotation, g is the acceleration due to gravity and h(0) is the depth of the fluid at the origin (see diagram below). Thus the free surface takes on a parabolic shape: it tilts so that it is always perpendicular to the vector 
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 (gravity modified by the centrifugal force) given by 
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Where 
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 is the angular velocity vector, 
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 is the position vector and 
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 is a unit vector in the vertical. If we hung a plumb line in the frame of the rotating table it would point in the direction of 
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, i.e. slightly outwards rather than directly down.
Procedure:

First, determine the initial depth of the tank h0 and the radius.  You will then start the rotating platform and observe the initial state of the free surface before rotation, at the beginning of the rotation and when it reaches solid body rotation.  Determine the revolutions per minute, the periodicity, and the angular frequency.  Next, calculate the depth of the rotating fluid.  Now increase the angular rotation and repeat.  Attempt to measure the depth of the rotating fluid by visual inspection and compare this to your theoretical calculations.  
Write this lab up, in standard laboratory report style with:

* An introduction that includes the basic theory

* An initial hypothesis  

* A detailed description of the methods 

* Sections that provide the results, analyses and conclusions  
Before you start the experiment, make a quick hypothesis as to what will happen to the free surface.  Be specific about how you think it will deform.  Place this hypothesis statement right after the introduction and before the methods section.  Your conclusions should address this hypothesis and how well your prediction did.  Also include in the appropriate portion of your report, the answers to the following:
* The definition of solid body rotation.
* A mathematical description the shape of the fluid surface of the rotating tank (hint: recall kinetic and potential energy).
* A graph of the fluid surface (use MATLAB), i.e. a vertical cross-section sketch 
of the fluid surface of the rotating tank.  Then, draw a force diagram (free-body 
diagram) on the graph to explain what forces are present on the fluid surface to 
give it the shape described above.   The relevant forces to consider: gravity, 
pressure gradient force and Coriolis force.  

* Describe how well your experimental results verify equation (1).  If they do not, confirm the proper results and explain what you think might have gone wrong.

* Relate the results of this experiment to the effects of Earth’s rotation.  What results might you anticipate in an ocean basin or river based on the results of this experiment.  Estimate if these results are easily observable.  Is the rotating tank an accurate representation of the earth’s rotation?
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