ENCH 501 F2017 Quiz #6 Name:

November 28, 2017 Time Allowed: 45 minutes al

The rates of heat loss from buildings depend on the wind to which they are exposed. Houses isolated on hill tops or cabins for
research and exploration in remote places such as the polar regions require more energy supply to maintain comfortable
temperatures for people than shelters in cities and protected sites.

Consider a cabin in the Antarctica. It is an uninsulated, rectangular, steel structure that is 7 x 5m base
and 3m tall. The temperature on the inside is maintained at a constant 18°C using a space heater and a
fan. The circulation within the cabin is considered strong such that the walls ate maintained at the same
temperature as the air inside the space. The outside air is at -50°C and a steady wind at 2.16 km/hr is
blowing over the cabin. The bottom of the cabin is on a pad on the ground. One of the researchers on
site remarked that the amount of energy required to maintain the inside temperature seem to depend
on the direction of the wind. You are requested to check the validity of the remark.

a) (10 pts) Estimate the rates of heat loss from the walls parallel to the direction of air flow for two
wind directions — normal to the 5m and to the 7m sides. Show your steps. Comment on your
results.

b) (Bonus 2 pts) If an 0.5m wide and rigid apron is attached to the side facing the wind for flow
normal to the 5m side, as per the sketch attached, how will your results change?

Data: Properties of air in the boundary layer are assumed constant at an effective temperature of -23°C
—density = 1.4119 kg/m?; dynamic viscosity = 1.606 (10?) mPa s; kinematic viscosity = 1.137 (10°°) m?/s;
specific heat = 1.003 ki/kg K; thermal conductivity = 0.0223 W/m K; Prandtl number = 0.724
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