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Quantitative Methods in Oceanography & Meteorology – SO335        

Lab 4
Eulerian flow

The Eulerian flow description observes the changes in the flow field over time at fixed points in space.  For example, imagine hundreds of small current meters evenly dispersed in a grid pattern in the ocean. At one second intervals, the ocean currents in the grid are measured by each meter and recorded.  By collecting the data, we can get a representation of the flow field of the ocean in that grid space.  For analysis purposes, we assume a continuum of measurements such that every point of the fluid can be “measured” at any point in time.  The approach of examining the fluid field with both position and time being independent variables is called the Eulerian framework. Using the Eulerian approach, we thus sacrifice the ability to analyze the characteristics of an individual fluid particle in order to calculate the properties of the fluid as a whole.  

1.  A classic flow field of interest in oceanography is a hyperbolic flow field which can be defined by the following 2-D time-independent Flow field
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Using the quiver function, graph the above velocity field over the domain 
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Make note of this graph for the following questions.
2.  (5 pts) – Explain how the resultant graph in question 1 is an Eulerian description of the flow field.

3.  (5 pts)  If we place  a blob of radius 0.5 at the origin, how do you expect the blob to change in the above flow field?   - draw sketch if it helps explain your answer.

Stream functions and Streamlines

4.  Another way to represent the above 2-D velocity field is by the use of streamlines.  Streamlines are contours of a constant function called the stream function.  

The relation between the velocity field and the streamline is defined as follows:
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a) (5 pts)  For the velocity field expressed in equation (1) the associated stream function is 
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Verify by the use of equation (2) that the above streamfunction is representative of the velocity field shown in equation (1).

b)  (10 pts) Using the contour command, superimpose the contours of the stream functions 
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 over the vector field of equation (1).

Use the domain 
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Label and print the resulting graph.

Lagrangian flow:

In the Lagrangian framework, the fluid particle’s position depends on the time, t, and the initial position of the particle, 
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.  The initial position is usually defined by the location of each element of the fluid at t=0.  The Lagrangian description is most compatible with the classical mechanic formalism of determining the kinematics properties of a particle.  Applications of Newton’s Second Law on the motion of a cannonball, for example, allow us to predict the cannonball’s trajectory.  These problems are addressed using the Lagrangian description. For fluids, the best way to imagine the Lagrangian flow field is to imagine a dye being injected into a non-diffusive incompressible fluid.  Assume we inject a small amount of dye at the point 
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 and observe it as it travels throughout the rest of the fluid.  If we take a snapshot of the dye every second and measure its positions, we can graph out the trajectory of the parcel over time. 
4.  To gain further insights into how particle motion is described using the Lagrangian description, recall equation (1)
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To obtain a Lagrangian description of the above flow field, we must integrate the above equations.  Since the equations are coupled, the best way to integrate is using Laplace transformations with respect to time.  It is shown without proof that the trajectories derived from equation (1) are
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a) (10 pts) Verify that the trajectories given by equation (3) are correct trajectories for equation (1) – show all work.  

5.  (10 pts) Overlay the below trajectories at the following initial positions and times over the vector field you created in (1) (You should have one graph with 2 trajectories on it overlaid on top of the vector velocity field)
a) 
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b) 
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Tidy up the graph and label accordingly and print out the result.
6. (10 pts) Looking at your graph from (5) what information have we captured in the Lagrangian description as compared to the Eulerian description shown from question (1)?
The material Derivative example – Temperature advection  
Given the following steady-state temperature field in units of degrees Fahrenheit:
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(4)
And a flow field in units of kilometers per hour is
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This is an oversimplified representation of the temperature distribution in the northern hemisphere with the passage of a cold front and an associated westerly wind field.
 We  will now use MATLAB to examine the advection of this temperature distribution with the given wind field.
7.  (10 pts) Plot the temperature field contours as defined by equation (4).  Label the contours and axes and then print the graph.
8.  (10 pts)  Given the temperature distribution of equation (4), analytically calculate 
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.  Show your work below.
9.  Plot the advection field calculated in (10) using the contourf command.  This command fills in colors between the contour lines to provide an indication of changes to the relative values of the contours.  Use the command, colorbar, to see the values associated with each color.

10.  (10 pts)  Given the temperature distribution you plotted in  question 7 and the westerly flow field, 
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.  Explain why you obtained the temperature advection contours in the above graph.
11. (7 pts) Explain why the analysis from questions 8-10 is an Eulerian description of the system? 
12.(8 pts)   Is it reasonable to assume a steady state temperature field  for the given flow? Notice that if we are in a coordinate system moving with the cold front then we can maintain the steady state assumption.  What would the velocity be if we are in the coordinate system moving with the cold front?  
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