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Pt} Exhaust gases from a manufacturing plant are being discharged through a 10-m-tall exhaust
stack with outer diameter of 1 m. On a particular day, wind at 27 °C is blowing across the
exhaust stack with a velocity of 10 n/s, while the outer surface of the exhaust stack experiences
radiation with the surrounding at 27 °C. Solar radiation is incident on the exhaust stack outer
surface at a rate of 1400 W/m? , and both the emissivity and solar absorptivity of the outer
surface are 0.9. The exhaust stack outer surface temperature is 133 °C. Estimate the heat loss
from the exhaust stack.
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P2) Engine oil flows through a 3.6 cm diameter 8-m long tube at a mass flow rate of 0.36 kg/s.
The oil enters the tube at a temperature of T_, =20°C.

T, =80 °’C
Engine Oil TR=3 6 cm
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a) For the configuration given in the problem, show that the average Nusselt number is

given by
Nu, =1(RGD Pr)ln El
4 (I/D) \T,-T,

b) Find the outlet temperature T of the air
¢) Find the heat transfer
Hint: Estimate the fluid properties at the inlet temperature 20 °C
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3) A hot -air balloon measuring 14 m in diameter is neutrally buoyant in 18 °C air at an altitude

of 1500 m above sea level. The temperature of the fabric, which reflects the average temperature
of air inside the balloon , must be 50 °C for the balloon to maintain its vertical position. Find the
rate at which heat must be supplied to air in the balloon by its propane burner system.

=90

Air
T, =18°C

The density of air at 1500 mis p=1.059 kg/ m’ .The remaining air properties do not change
with altitude.
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4) A surface has a spectral, hemispherical emissivity that approximated by the distribution shown
in the diagram below, and the temperature of the surface is 1927 °C . Find the total
hemispherical emissivity and the total emissive power ( radiative heat flux ) of the surface.
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P53} Two aligned, parallel square plates 0.6 m by .6 m are separated by L = 0.3 m, as iHustrated in
the accompanying figure. Plate | is maintained at T, = 1000 K and has an emissivity £, = 0.7. Plate 2
is maintained at Ty = 500 K and has an emissivity g, = 0.5. The plates are exposed through the
epening between them into an ambient which can be regarded as a black medivm at 7, = 300 K,
Sketch the radiation network for the two surfaces and the ambient, Calculate the heat transfer between
the plate and the heat Joss to the ambient,
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