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An incandescent light bulb isan inexpensive but highly inefficient device that converts =

electrical energy into light. It converts about 10% of the electrical energy it consumes’

into light while coaverting the remaining 90% into heat. The glass bulb of a lampheats .- .,
o3

up very quickly as a result of absorbing all that h and dissipating it-to the surroundings =

by convection and radiation. Consider a 60-W light bulb of 8-cm diameter (approximated
by a sphere) in a room at 25°C. Determine the equilibrium temperature of the glass bulb.
Assume the interior surface of the room to be at room temperature. The emissivity of the

glass is 0.9.

A 2-m-inner-diameter double-walled stainless-
steel spherical tank (fig.P2) is used to storeiced
M Each wall is 0.5-cm-thick, and the
I_5-cm-thick air space between the two walls of the
tank is evacuated in order to minimize heat
transfer. The surfaces surrounding the evacuated
space - are polished so that each surface has an
emissivity of0.15. The tank is placed in an ambient

_at 25°C, Assuming that the heat transfer coefficient

on the iced water side is vecy large so that the inner
wall temperature is at 0°C, determine the rate of
heat transfer to the iced water in the tank. By how
rmuch did the evacuation ofthe air space improve
the insulation of the tank?

Fig. P2 Spherical Tack.

3. A cross-flow heat exchanger consists of 40 thin walled copper tubes of 1-cm diameter
located, as a single row across the flow, in a duct of Imxim cross-section. There are no

. fins attached to the tubes. Cold water eaters the tubes at 18°C with an average velocity of
1 m/s, while hot air entecs the channel at 130°C and an average velocity of 1 m/s. If the
overall Feat transfer coefficiznt- is 80 W/m?°C, determine the exit temperatures ofboth .
fluids and the rate of heat transfer. What can be said about such a design of heat

exchanger-and how may the things be improved?

Poiats: 1 (30%), 2 (30%), and 3 (20%).

PS. Free convection in 2 spherical annulus can be described by

Nuy =0228Ral™  for 10” <Ra, <10’

where 8 1s the annulus thickness.
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