Introduction to Thermodynamics and Heat Transfer (ECE 309)
Suggested Problems for Chapter 3

1. A4 mXx5mx7mroom is heated by the radiator of a steam-heating system as shown
in Fig. 1. The seam radiator transfers heat at a rate of 10,000 kJ /h, and a 100 W fan is
used to distribute the warm air in the room. The rate of heat loss from the room is
estimated to be about 5000 kJ /h. If the initial temperature of the room air is 10 °C,
determine how long it will take for the air temperature to rise to 20°C. Assume constant
specific heats at room temperature.
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Fig. 1

2. A piston-cylinder device contains 0.8 kg of nitrogen initially at 100 kPa and 27 °C.
The nitrogen is now compressed slowly in a polytropic process during which PV'* = C
until the volume is reduced by one-half. Determine the work done and the heat transfer
for this process.

3. A rigid tank containing 0.4 m® of air at 400 kPa and 30 °C is connected by a valve to a
piston-cylinder device with zero clearance (Fig. 2). The mass of the piston is such that a
pressure of 200 kPa is required to raise the piston. The valve is now opened slightly, and
air is allowed to flow into the cylinder until the pressure in the tank drops to 200 kPa.
During this process, heat is exchanged with the surroundings such that the entire air
remains at 30 °C at all times. Determine the heat transfer for this process.
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4. It is well known that wind makes cold air feel much colder as a result of the wind-chill
effect, which is due to the increase in the convection heat transfer coefficient as a result
of the increase in air velocity. The wind-chill effect is usually expressed in terms of the
wind-chill factor, which is the difference between the actual air temperature and the
equivalent calm-air temperature. For example, a wind-chill factor of 20 °C for an actual
air temperature of 5 °C means that the windy air at 5 °C feels as cold as the still air at -15
°C. In other words, a person will lose as much heat to air at 5 °C with a wind-chill factor
of 20 °C as he or she would in calm air at —15 °C.

For heat transfer purposes, a standing naked man can be modeled as a 30-cm-diameter,
170-cm-long vertical cylinder with both the top and bottom surfaces insulated and with
the side surface at an average temperature of 34 °C. For a convection heat transfer
coefficient of 15 W/(m”.°C), determine the rate of heat loss from this man by convection
in still air at 20 °C. What would your answer be if the convection heat transfer coefficient
was increased to 50 W/(m?.°C) as a result of winds? What is the wind-chill factor in this
case?

5. An insulated piston-cylinder device initially contains 0.01 m® of saturated liquid-vapor
mixture with a quality of 0.2 at 100 °C. Now some ice at 0 °C is added into the cylinder.
If the cylinder contains saturated liquid at 100 °C when thermal equilibrium is
established, determine the amount of ice added. The melting temperature and the heat of
fusion of ice at atmospheric pressure are 0 °C and 333.7 kJ/(kg.°C), respectively.

6. In a manufacturing facility, 5-cm-diameter aluminum balls [density=2700 kg/m”3 and
Cp, = 0.959 kJ/kg. K] initially at 120 C are quenched in a water bath at 50 C for a period
of 2 minutes at a rate of 100 balls per minute. If the temperature of the balls after
quenching is 74 C, determine the rate at which heat needs to be removed from the water
in order to keep its temp constant at 50 C.

7. Calculate the work transfer in the following process:
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