Some Materials Science

Exercise 3
Due Monday, February 2, at 09.00.

1.

A wall of thickness 0.2 m has a thermal conductivity of 0.1 J/smK. The specific heat capacity is 400 J/kgK, and density 400 kg/m3. There is a temperature difference of 30K across the wall. Compute the steady-state Heat Flux.

2.

Show by using the Continuity Equation, that the steady-state heat flux across the wall is constant in space.

3. 

Use the previous result, as well as the Thermal Conductivity Equation, in order to study whether the temperature gradient within the wall is constant in space.

4. 

The wall of task 1 is of massive wood. The heat flux is predominantly in the radial material direction. However, in the corners of the house, there is some flux in the longitudinal direction, where the thermal diffusivity is 1.6 10-6  m2/s. Compute the longitudinal steady-state flux. Explain the structural causes for the anisotropy of the thermal conductivity.

5. 

The wall of task 1 is heated from the inside with a power of 100 W per square meter. The heating starts at time zero, the initial temperature in the entire system being zero. Plot the temperature as a function of position within the wall at equilibrium. Plot the temperature as a function of position at time zero. Plot the temperature as a function of time in the middle of the wall.

