Team Lab 12
CS 310 / NEEP 271
Advanced Functions
fzero and quad
1. [image: image1]In a nuclear reactor, the neutron chain reaction is controlled by inserting and withdrawing neutron absorbing materials in the form of so-called control rods into the uranium-bearing reactor core, as shown schematically in the figure. 


[image: image6.wmf]

This process is modeled mathematically as a problem where the two regions of the reactor core that include control rods (region 2) and do not include control rods (region 1) have uniform but different nuclear properties. The interface between the two regions denoted as the position z=h along the z-axis is computed using the following formula known as the criticality relation.



When the control rod tips are positioned at exactly this position z=h, the reactor is critical and the chain reaction continues at a constant pace. If the control rods are pulled out slightly, increasing h, then the reactor is supercritical and the power rises. If the control rods are inserted to a greater depth, decreasing h, then the reactor falls subcritical and the power declines exponentially.

1.a  Obtain a function f(h) that you will use to find the roots of the above equation. Recall that you need the function to be of the form f(h)=0.

f(h) = 


1.b  Write a Matlab function named criticalityCondition that computes the value of f(h). The input argument for criticalityCondition should be the independent variable h. Test criticalityCondition by calling it from the command window with the value of h equal to 180. It should return a value of 13.0950.

1.c  Use your Matlab function criticalityCondition to plot the function f(h) between the limits 0 and 380 in order to determine approximately where the root lies. Use the normal approach to plotting:
hh = 0:0.1:380;
f_of_h = criticalityCondition(hh);
plot(hh,f_of_h);

[Note the singularity in the function due to the tan function. Such singularities occur in engineering analysis due to the idealized nature of the mathematical description of the processes.] Narrow the range of plotting to 150 to 200 to better see the root.

1.d  Write a Matlab script named controlRod.m that starts with the commands
clear; clf;    to clear all variables and figures. It is best to start all of your Matlab scripts with these two commands. The script then calls fzero with the appropriate arguments to compute the root of f(h) and then displays the result using the command 
disp([‘Control rod position = ‘, num2str(h), ‘ cm’]).


2.   In a reactor the spatial distribution of neutrons is described by the so-called neutron scalar flux (z). For this problem the scalar flux is given by the formulas
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where the ratio of the constants A1 and A2 is 
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The power generated by the reactor core is proportional to the area under these functions.

2.a  Write Matlab functions named flux1 and flux2 to evaluate each of these mathematical functions. 

For the purposes of this analysis, use A1 = 100 in the first function and solve for A2 using the formula above in the second function. 

Pass the value of h into the second function as an argument. 

Test the two functions from the command window. The first function returns a value of 71.3864 for z=50. The second function returns a value of 16.2303 for z=200.

2.b  Add to your controlRod script by adding commands to plot these two functions between z=0 to 380 cm. [Hint:  you will want to define two sets of plotting ranges, between 0 and h and between h and 380. You will want to evaluate each respective function over one of these ranges and then plot the combination of these. Use the following command to combine the two z ranges. Use this idea to combine the function values too.]

zz = [zz1, zz2];

2.c  Next, add to your controlRod script by integrating these functions between the limits z=0 to 380 to find the power. Use the quad function to do the integrations. Once again you will have to take special care of the fact that the integrand is different over different ranges of independent variable
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Hint:  You cannot pass the flux2 function the value of h as you did before because it is called from quad and not from your own script. There is another way to share the value of variables using the global command. After the clear and clf commands in controlRod insert the command

global h;

and in the flux2 function insert the command 

global h;

and remove h from the argument list. 

This allows the two functions to share the value of this variable. This is a very useful feature for sharing variable values with functions that are called by internal Matlab functions like fzero and quad.

Display the results of the integrations using

disp(['1st integral= ',num2str(first_integral)]);
disp(['2nd integral= ',num2str(second_integral)]);
disp(['Total integral= ',num2str(total_integral)]);



3. Repeat the above analysis, but using a value of H=200 cm. By only changing H to 200, the rest of the scripts and Matlab functions should work as before.
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