Begin with correction of the estimate time scale associated with wind stress penetrating 10 meters of water with only the molecular viscosity active.

T=L2/  =  100/1.4 x 10-6 = 7.1 x 107  seconds  = 2.25 years  

Clearly this is too long.  Thus we need to invoke eddy-viscosity.

Show flow over ledge.

Show animation of particles in Eddy to demonstrate the interplay between advective and diffusive processes that drive dispersion in the marine environment.

Today’s lecture based on  section 4.2 in Pond and Pickard 

Section 4.2.3 in Ocean Circulation

On Monday we’ll begin with Chapter 2 in Pond in Pickard (density of sea water) then ui using the hydrostatic assumption discuss pressure and pressure gradients—this will bring us back into studying the momentum equation. (Chapter 6 in Pond and Pickard) and parts of section 3.3 in Ocean Circulation.

 Show animations/movies (available on web site)

Continuity 

These come directly out of Pond and Pickard Page 18
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Mass flow into volume =  u 

Mass flow out of the volume is 
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So that the net divergence (accumulation) of mass due to flow in the x direction is
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By letting x ( 0   we can neglect the second term.

Considering the flow in all three dimensions local rate of change of density of fluid in the box is:
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which represents the divergence of density into the cube. Consequently can be written as:
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Note that the total derivative of   is: 
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Combining these last two equation yields.
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This is called the equation of continuity (of volume). If we assume that the fluid is incompressible (dp/dt =0) we arrive at the continuity equation
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which can be paraphrased to say that the flux of fluid flowing into the box equals the flux of fluid flowing out of the box. 

Following are two example of the use of the continuity equation to calculate vertical velocities.
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An  example :  A stationary Front:
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Vertical velocities are often difficult to measure because they  typically are very small compared to the horizontal motion. However,  we can estimate w is by measuring the horizontal currents and use the continuity equation to calculate w. 

As an example consider an arrested surface front whereby salty waters flowing into an estuary on the flood plunge underneath the fresher river surface waters.  An example of such a front is shown to the right, and an idealized 2-D schematic is shown above.  Given the flows drawn in the schematic the vertical structure of the vertical velocity can be estimated.

We start with the continuity equation
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Since the flow is 2-D (implicit in the schematic is that v=0) the continuity equation can be written as:
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and this can be integrated vertically to yield:
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 (because w0 =0)

In the bottom half of the water column (0-5 meters above the bottom) the horizontal flow is divergent (thus the divergence of the horizontal flow field is positive)
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While in the upper half of the water column (5-10 mab) the flow is convergent (and the divergence of the horizontal flow field is negative)
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Thus in the bottom half of the water column w = -5x10-2 z ms-1, where z is meters from the bottom.  At the middle of the water column w.5=.25 m/s.  In the top half of the water column w=  w.5+ 5x10-2 (z-5) ms-1  (where w5 is the vertical velocity at 5mab) and equals zero at the surface.  The panel to the right shows a schematic of the flow field, and the solution to the vertical velocity.  In the real world, however, flow in the stratified region would be vertically sheared and the divergence of the horizontal flow field would not be a step function—but would change more gradually throughout the water column.  In contrast the vertical motion in the figure has a discontinuity in its vertical gradient.  Note that w=0 at the surface and bottom. Why?

Another Example:

In the previous example the level of the sea surface was constant because the volume transport of fluid flowing towards the front equals the transport per unit width  flowing away from the front (both equal to 5 m2/s). In otherwords the depth averaged flow—or transport—is non-divergent. However, depth averaged transport may be divergent or convergent. In fact--it is the divergence of tidal currents that cause high and low tides.  The continuity equation can be used to estimate the rate that sea-level changes as a result of the divergence in the horizontal flow fields. This is infact how numerical models of ocean circulation calculate sea level.  Consider the situation depicted below. Flow a 1m/s enters the mouth of a sound that is 20 meter deep and 100 km long. How fast does sea level rise in the sound?


Lets begin with the 2-D continuity equation.


[image: image15.wmf]0

=

¶

¶

+

¶

¶

z

w

x

u


Assuming that the water depth H is constant everywhere the vertical integral of this is
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  and since H is constant,  w is zero at the bottom and assuming that H >> (This latter assumption  linearizes  of the problem). Subsequently we can write:
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 where is sea level. Consider a channel 20 meters deep and 100 km long and has a current that is 1 m/s at the mouth that linearly goes to zero at the head (no normal flow against the wall)  The rate of sea level rise in the channel (
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) is  20 * 1/1x105 =2x10 m/s. This can be integrated over time to yield a solution for 
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Frontal length scale = 10 m
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Arrested surface front R. Nunes in Gravity Currents n the Environment and the laboratory John E Simpson
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