Scalar diffusion

This exercise is about the diffusion of a scalar (or solute) in a quiescent fluid. For example, if a drop of red dye is placed in the middle of a shallow dish of water, the dye will diffuse slowly and a red cloud of dye will grow larger with time:
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The fundamental case of diffusion is when a certain mass (M) of solute is placed entirely at one point in space (x0) and at an instant in time (t0). If the diffusion only occurs in one dimension (1D), then the solution for the concentration (C) is 



The diffusivity (D) controls the rate at which the spreading occurs. It has units of length2/time. 

If the diffusion occurs in two dimensions (2D) (like the sketch above) and the mass is released in space at (x0, y0) at time t0, then the solution for the concentration is 



In the 2D case, it is possible that the diffusivity in the x-direction (Dx) and the diffusivity in the y-direction (Dy) can be different.

To better understand the spread of solute due to diffusion, consider the following cases:

1. A cloud is spreading by diffusion in 1 dimensions, starting from an instantaneous release of mass M=1 kg at t=0 at the location x=0. The diffusivity is D = 1x10-5 m2/s. Plot the distribution of concentration over space for the following pollutant clouds at time t=1 hour after the instant of release. In other words, plot C(x,t=3600s). [Hint: Use MATLAB function exp to evaluate the exponential function]

2. A cloud spreading by diffusion in 2 dimensions, starting from an instantaneous release of mass M=1kg at t=0 at the location x=y=0. The diffusivity is not the same in both directions and Dx= 1x10-5 m2/s and Dy= 2x10-5 m2/s. [Hint: Use MATLAB function meshgrid to create a two-dimensional grid on which to evaluate the exponential function] 

3. [bookmark: _GoBack]For the case in question 1, explore four methods of quantifying the width of the cloud. For each method, calculate the cloud width for every minute for the first hour, i.e., t=1,2,3,…59, and 60 minutes and plot cloud width as a function of time for all methods on a single graph. [Hint: Use MATLAB function find to search for x-values where C first drops below the threshold]
a. Full width at half maximum (FWHM) (find the maximum C value, find the two x-values corresponding to C = Cmax/2, and calculate the distance between those two x-values.) 
b. The inter-threshold range (ITR) (find the two x-values corresponding to C = threshold, and calculate the distance between those two x-values). Threshold = 0.3 kg/m3. 
c. The inter-threshold range (ITR) (find the two x-values corresponding to C = threshold, and calculate the distance between those two x-values). Threshold = 0.03 kg/m3.
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