Reactor Numerical Analysis and Design
2010년 1학기

Final Examination
June 8, 2010
1. 
Explain the following with sufficient details. (25 points) 


a. The need for low leakage fuel loading


b. The roles of burnable absorber rods


c. Two step procedure in the core neutronics calculation (rationale needed)


d. Central limit theorem and its implication in reporting the mean value obtained with a finite number of samples in terms of standard deviation.


e. Implicit capture

2. 
Prove or show the following. (20 points)

a. The relative standard deviation of occurrences of a low probability (p) event is inversely proportional to
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 where n is the number of trials. (Hint: 
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 is the probability of having k occurrences of the event.)


b. In a two region problem characterized by the total cross sections of 
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and the thickness of 
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, a single-step sampling of the distance to collision by using a single CDF containing both 
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is equivalent to a two-step sampling involving two CDFs and the first-region escape probability.

3. 
Give an algorithm to perform the following using random number generation. (13 points)


a. Sampling the direction of a neutron for isotropic emission


b. Determination of the number of fission neutrons per collision.
4. 
Draw and explain the flow chart of the Monte Carlo simulation of a batch of source neutrons in case of a 2D, MG problem. (12 points)

5. 
Consider heat transfer in a closed flow channel encompassing a circular fuel rod. The gap between the clad and pellet is neglected. Answer the following questions regarding the numerical of the 1-D heat transfer problem. (30 points)

a. Give all the governing equations including the heat conduction equation, Newton’s law of cooling, mass and energy conservation equations.

b. Suppose that the fuel region is divided into n regions having equal thickness of 
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 and the cladding region temperature is described by one region of 
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. Use the point scheme for the finite differencing with the assumption that thermal conductivity determined with the average fuel temperature of the previous step can be used throughout the pellet so that a constant value 
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 is specified over the entire fuel region and also
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 for the cladding. The heat transfer coefficient for the-cladding-to-the-bulk heat transfer is given as 
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. Derive the spatial discretization for the center point, for an interior point, and the cladding outer surface point. Denote the volumetric heat generation rate of the fuel by 
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c. Apply the Crank-Nicholson method for temporal differencing for an interior point to drive discretized equation and show schematically the linear system to be solved to determine the fuel temperatures. 


d. Use the box scheme to derive the mass and energy balance condition in terms of the node average and surface quantities. 


e. Explain the solution sequence to determine the node average enthalpy change (change from the previous time step) by introducing adequate correlations. You don’t have to give the  complete derivation using equations.
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