
1.  A thin molten coating of density , latent heat of fusion hsf, and thickness  is deposited at 

its melting temperature, Tm, on a large solid substrate at an initially uniform temperature, Ti 

<Tm.  The substrate thermal conductivity and thermal diffusivity are ks and s, respectively. 

 

 

 

 

 

 

 

(a) 30% Sketch the one-dimensional temperature distribution, T(x), in the coating and 

substrate at t=0, and two subsequent times, one during the solidification, and one at the 

instant the solidification is complete. 

(b) 70% Develop an estimate of the solidified thickness of the coating at time t, S(t), and 

determine when the coating will be fully solidified. 

 

  



2.  A long nuclear fuel rod with volumetric heat dissipation Q and radius r1 is being cooled by 

annular channel whose outer radius is r2. The inner radius of channel is same as the radius of the 

fuel rod r1. The cold fluid enters channel at temperature T0.  The channel also get heat from the 

system outside, which can be considered as constant heat flux qw’’ at the outer surface of cannel. 

The laminar fluid flow in annular channel is thermally and hydraulically fully developed. Axial 

conduction and viscous dissipation are negligible and fluid properties can be assumed constant. 

 

a) (20%) Write the differential equations which can be used to get expression for velocity 

and temperature profile in the channel.  

b) (20%) Sketch the representative velocity and temperature profile in a cross-section of 

the channel.  

c) (60%) Assume that the velocity profile can be given as u (r) = r2 + a.r + b, where a and b 

are known constants and r is radial distance from centerline of rod. Derive an expression 

for temperature difference between a point inside a channel and outer surface of 

channel in the same cross section, i.e., T(r,x) – T(r2,x) .   

 



3.  

 

 
 

 
 
Emissivity is independent of azimuthal 
angle. 

 

A solar electric panel is mounted on the roof and has incident radiation from the sun at an 

angle of 30 degrees. The panel has directional spectral emissivity properties given above. Solar 

irradiation is 1388 W/m2 and sky temperature 300K. 

1. (20%) Calculate the solar absorptivity for the solar irradiation incident at angle of 30 

degrees to the normal direction. 

2. (20%)Calculate the emissivity and absorptivity of the panel, assuming a panel 

temperature of 400K. 

3. (10%) Describe the energy balance if there is no wind incident on the panel. 

4. (40%)Calculate the panel temperature, assume that it is thermal insulated on the back 

5. (10%)Comment on the relative importance of conduction, convection and radiation heat 

transfer from the panel under steady-state conditions. 

Supplementary information: 

Black body table of emissive power and intensity (attached).  Also note that: 
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