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Air is treated as an ideal gas (molecular weight 28.97 kg/kmol, thermal conductivity
0.025 W/m-K, specific heat 1.025 kJ/kg-K), the emissivity of stainless steel = 0.7, the
universal gas constant = 8.314 kJ/kmol-K, Stefan-Boltzmann constant = 5.67x10%
W/m2K*and 0°C =273.15 K.

1. Air at 400 K and 0.5 bar is initially in a well-insulated and rigid vessel that
has a volume of 2 m3. After another air at 450 K and 1.5 bar flows into the
vessel, the finial temperature of air in the vessel is 500 K. Please determine
(a) the initial mass of air in the vessel, in kg, (b) the total mass of air
flowing into the vessel, in kg, (c) the finial vessel pressure, in bar, and (d)
the entropy production after this thermodynamic process, in kJ/K. (40%)

2. A household dehumidifier steadily operates in an ambience of 1 bar, 30°C
and 95% relative humidity, where 10% of its electrical power as heat loses
to the surroundings. The inlet flow rate of the dehumidifier is twelve tons
per day. The air flow leaves the outlet at 35°C and 1.05 bar accompanied
by a condensate flow rate of 10 kg/day at 15°C. Please determine (a) the
mass flow rate of water vapor at the inlet, in kg/day, (b) the relative
humidity of exiting air, and (c) the power required to operate the
dehumidifier, in W. (30%) » |

3. In a hot rolling process, a 6m-long cylinder of stainless steel (180 mm in
diameter) is heated by an induction heater to obtain a uniform temperature
at 1200°C after leaving the preheating furnace. The induction heater
steadily operates at 1 MW, where its energy efficiency is 65.36%. The
ambient air is estimated at 50°C. Please determine (a) the heat transfer
coefficient of the cylinder, in W/m?K, and (b) the heat flux ratio of
convection to radiation of the cylinder. (20%)

4. The virial form expressing the p —v—T relation of air is given as

follows:

RT N a N b N C
T I IR
where R is the gas constant, (a,b,c) are equation constants, and
(p,T,v) denotes pressure, temperature and specific volume, respectively.

2
If the compressibility factor of air at the critical point is ;, please

determine the value of —. (10%)
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