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1) A liquid nitrogen dewar is made from two concentric spheres separated by a
vacuum. The inner sphere has a diameter of 1 m. and the outer sphere has a
diameter of 2 m. Both are gray surfaces with € = 0.2. The saturation temperature
for nitrogen at one atmosphere is 80K and its latent heat of vaporization is 200
kJ/kg. Estimate the nitrogen boil-off rate when the inner sphere is full of liquid
N, and the outer sphere is at 30°C.

Suggest ways in which you can change the design of the dewar and reduce the
nitrogen boil-off rate.
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PROBLEM

A blow torch is directed at a wall which is made up of two layers.
The outer layer towards which the blow torch is directed is 0.05 m thick
and has the following properties: k = 5 W/m-K, ¢ = 1000 J/KgK, and p =
2000 Kg/m3. The inner part of the wall is 0.10 m thick and has the
following properties: k = 500 W/m-K, ¢ = 400 J/Kg-K, and p = 10,000
Kg/m3. The blow torch provides a heat flux at the surface of the outer
part of the wall of 5000 W/m2. The inner part of the wall is cooled at its
backside by room temperature air, i.e. T. = 10 K, with a natural convection
coefficient of h, = 10 W/mzK.

Blow Torch «La>]e<Llg>f  h; = 10 Wm2K
—_—— ———
5000 W/mz2 T.=10K |

T, T

(a)  Assuming steady state conditions have been reached and the problem
can be treated as plane wall heat conduction, determine the
temperature distribution across the wall by calculating the
temperature at key points.

(b) If the contact resistance between the two parts of the wall is R, =6
X 104 m2.K/W, determine how the temperature distribution across
the wall as calculated in Part (a) is altered.

(c) Estimate how much time is required (from when the blow torch is
turned on) for steady state conditions to be reached(i.e. witth.in
5% of a_v‘ktachj S4ate 4eW\?¢V'a‘\'U'fe‘5)-
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It is desired to find an expression for the thermal boundary layer thickness as a
function of axial distance for an incompressible, steady laminar fluid flow
between infinitely long stationary parallel plates with a fully developed velocity
profile and a second order temperature profile for the following two cases:

1) Both plates are at the same uniform temperature that is different from
the inlet fluid temperature.

ii) The top plate is at the uniform temperature as in part (a), but there is a
uniform heat flux externally imposed on the bottom plate.

For each case, separately

1) sketch qualitatively the temperature profiles in the thermally developing and
the thermally fully developed domains

2.) perform an energy balance for an integral control volume in the thermally
developing domain and obtain the algebraic equation for the thermal
boundary layer thickness

3.) repeat part 2 for the thermally fully developed region.



