NEEP 602

Engineering Problem Solving II

Homework 7
Due Tuesday, May 6
2. (10 points) Consider a steel slab of thickness L with an initial temperature distribution given by 
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where ( is a constant and x is measured from the center of the plate.  Calculate the center-line temperature of this slab as a function of time, if the temperatures of the plate boundaries are held at T=0. Assume that the thermal diffusivity (k/(-cp) is   7*10-6 m2/s and that L=20 cm and (=50,000 K/m2.

2. (10 points) Consider an annular nuclear reactor fuel pellet, which has an inner radius of 0.1 cm and an outer radius of 0.75 cm. The pellet is initially at 1000 C, there is no heat flow into the center of the pellet, and the outside surface temperature of the pellet is held at 1000 C. Determine the centerline pellet temperature as a function of time if the thermal conductivity is 0.03 W/cm-K, the heat capacity is 300 J/kg-K, the density is 0.01 kg/cm3, and the volumetric heating is 250 W/cm3.  The governing equation for the temperature in a cylinder (ignoring axial variations) is




Compare your final result to the steady-state solution.

3. (10 points) Consider a semi-infinite steel slab which is initially at 0 C.  At t=0, a heat flux of 2 MW/m2 is applied on the surface (x=0).  Calculate the surface temperature after 4 ms and compare to the analytical solution.  The solution is:




where q is the heat flux, k is the thermal conductivity, and




Use the following material properties: (=19,000 kg/m3, cp=155 J/kg-K, and k=120 W/m-K.
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