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ENGINEERING PHYSICS 4D3/6D3

DAY CLASS Dr. Wm. Garland
DURATION: 50 minutes

McMASTER UNIVERSITY MIDTERM EXAMINATION November 17, 1998
Special Instructions:

1. Closed Book. All calculators and up to 6 single sided 8 %" by 11" crib sheets are permitted.

2. Do all questions. Place your answers on the exam sheets; use additional pages if necessary.

3. The value of each part is as indicated. TOTAL Value: 100 marks

THIS EXAMINATION PAPER INCLUDES 8 PAGES AND 1 MULTI-PART QUESTION. YOU
ARE RESPONSIBLE FOR ENSURING THAT YOUR COPY OF THE PAPER IS COMPLETE.
BRING ANY DISCREPANCY TO THE ATTENTION OF YOUR INVIGILATOR.

1. By answering the specific questions given on the following pages, outline a computer program to
solve the two group neutron space-time diffusion equations and supporting equations in a 3-
dimensional reactor like the McMaster Nuclear Reactor composed of fuel assemblies (containing
fuel and water), control assemblies (containing a movable solid control rod and water) and
empty assemblies (containing only water). The core is constructed of a 9x9 array of assemblies
as shown in the x-y (ie top) view below. Divide the z (vertical) axis into 9 cells. When the
control rods are inserted (motion is in the z direction), water is displaced. Assume that the cell
properties are homogenized within each cell but that the reactor is heterogeneous overall.
Consider flux, delayed precursors, control, poisons and fuel depletion aspects.
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a) (20 marks) For the flux, what are the governing equations, boundary and initial conditions, and finite
difference equations?
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b) (10 marks) For the delayed precursors, what are the governing equations, initial conditions, and
finite difference equations? S {Z A,\g_i '
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¢) (10 marks) For the poisons, what are the governing equations, initial conditions, and finite

difference equations? ¥ oA M-?\w‘ ) C..;»*;\M%% ’
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d) (10 marks) For the fuel depletion, what are the governing equatxons initial conditions, and finite

difference equations? ?’V\ W .)LLK\,Q,\\/) ‘L/xxfx«,x
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e) (10 marks) Devise a simple control mechanism to take the reactor from a low initial flux to full

power. (Quetinvg ol 4. Lodis i wfm%c...ﬁw\
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f) (20 marks) Illustrate the algorithm (using a flow chart and supporting dialogue) to calculate the flux
space-time transient and controller action during a startup of the reactor from 1 % full power to 100 %

power at a nominal 0.1 % full power a second. Show the overall solution and how the equations interact.
Do you need to consider precursors, poisons and fuel depletion? If so, do so. Sketch the flux, precursor,

poison and fuel concentration amplitudes, the control rod position and the reactivity over time that you
might expect as a solution. Don’t get hung up on details.
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g) (20 marks) Given that 100 % full power has been reached, illustrate the algorithm (using a flow chart
and supporting dialogue) to advance the flux, control rod position, precursors, poisons and fuel solutions
in time. Show the overall solution and how the equations interact. Don’t get hung up on details.
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