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1. Answer the following questions:
a. Define mass and volume flow rates. How are they related to each other?
b. Consider a device with one inlet and one outlet. If the volume flow rates at the inlet
and at the outlet are the same, is the flow through this device necessarily steady?
Why?
c. What are the different mechanisms for transferring energy to or from a control
volume?
d. How is a steady-flow system characterized?
e. Can a steady-flow system involve boundary work?
f. A diffuser is an adiabatic device that decreases the kinetic energy of the fluid by
slowing it down. What happens to this lost kinetic energy?
g. The kinetic energy of a fluid increases as it is accelerated in an adiabatic nozzle.
Where does this energy come from?
h. Consider an adiabatic turbine operating steadily. Does the work output of the turbine
have to be equal to the decrease in the energy of the steam flowing through it?
i. Consider an air compressor operating steadily. How would you compare the volume
flow rates of the air at the compressor inlet and exit?
j. Will the temperature of air rise as it is compressed by an adiabatic compressor? Why?
k. Somebody proposes the following system to cool a house in the summer: Compress
the regular outdoor air, let it cool back to the outdoor temperature, pass it through a
turbine, and discharge the cold air leaving the turbine into the house. From a
thermodynamic point of view, is the proposed system realistic? Why?
l. Why are throttling devices commonly used in refrigeration and air-conditioning
applications?
m. When two fluid streams are mixed in a mixing chamber, can the mixture temperature
be lower than the temperature of both streams? Explain.
n. Consider a steady-flow heat exchanger involving two different fluid streams. Under
what conditions will the amount of heat lost by one fluid be equal to the amount of
heat gained by the other?
2. A hair dryer is basically a duct of constant diameter in
which a few layers of electric resistors are placed. A
small fan pulls the air in and forces it through the
resistors where it is heated. If the density of air is 1.20
kg/m3 at the inlet and 1.05 kg/m3 at the exit,
determine the percent increase in the velocity of air as
it flows through the dryer.
3. A smoking lounge is to accommodate 15 heavy smokers. The minimum fresh air
requirement for smoking lounges is specified to be 30 L/s per person (ASHRAE, Standard 62, 1989). Determine the minimum required flow rate of fresh air that needs to be
supplied to the lounge, and the diameter of the duct if the air velocity is not to exceed 8
m/s.
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4. Air enters a 28-cm diameter pipe steadily at 200 kPa and 20°C with a velocity of 5 m/s.
Air is heated as it flows, and leaves the pipe at 180 kPa and 40°C. Determine (a) the
volume flow rate of air at the inlet, (b) the mass flow rate of air, and (c) the velocity and
volume flow rate at the exit.
5. Air flows steadily in a pipe at 300 kPa, 77°C, and 25 m/s at a rate of 18 kg/min.
Determine (a) the diameter of the pipe, (b) the rate of flow energy, (c) the rate of energy
trans-port by mass, and (d) also determine the error involved in part (c) if the kinetic
energy is neglected.
6. Air enters an adiabatic nozzle steadily at 300 kPa, 200°C, and 30 m/s and leaves at 100
kPa and 180 m/s. The inlet area of the nozzle is 80 cm2. Determine (a) the mass flow rate
through the nozzle, (b) the exit temperature of the air, and (c) the exit area of the nozzle.
7. Steam at 5 MPa and 400°C enters a nozzle steadily with a velocity of 80 m/s, and it
leaves at 2 MPa and 300°C. The inlet area of the nozzle is 50 cm2, and heat is being lost
at a rate of 120 kJ/s. Determine (a) the mass flow rate of the steam, (b) the exit velocity of
the steam, and (c) the exit area of the nozzle.
8. Air at 80 kPa and 127°C enters an adiabatic diffuser steadily at a rate of 6000 kg/h and
leaves at 100 kPa. The velocity of the airstream is decreased from 230 to 30 m/s as it
passes through the diffuser. Find (a) the exit temperature of the air and (b) the exit area of
the diffuser.
9. Nitrogen gas at 60 kPa and 7°C enters an adiabatic diffuser steadily with a velocity of 200
m/s and leaves at 85 kPa and 22°C. Determine (a) the exit velocity of the nitrogen.
10. Steam flows steadily through an adiabatic turbine. The inlet conditions of the steam are
10 MPa, 450°C, and 80 m/s, and the exit conditions are 10 kPa, 92 percent quality, and 50
m/s. The mass flow rate of the steam is 12 kg/s. Determine (a) the change in kinetic
energy, (b) the power output, and (c) the turbine inlet area.
11. Steam enters an adiabatic turbine at 8 MPa and 500°C at a rate of 3 kg/s and leaves at 20
kPa. If the power output of the turbine is 2.5 MW, determine the temperature of the steam
at the turbine exit. Neglect kinetic energy changes.
12. Helium is to be compressed from 120 kPa and 310 K to 700 kPa and 430 K. A heat loss
of 20 kJ/kg occurs during the compression process. Neglecting kinetic energy changes,
determine the power input required for a mass flow rate of 90 kg/min.
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13. A well-insulated valve is used to throttle steam from 8 MPa and 500°C to 6 MPa.
Determine the final temperature of the steam.
14. Carbon dioxide gas enters a throttling valve at 5 MPa and 100°C and leaves at 100 kPa.
Determine the temperature change during this process if CO2 is assumed to be an ideal
gas.
15. A hot-water stream at 80°C enters a mixing chamber with
a mass flow rate of 0.5 kg/s where it is mixed with a
stream of cold water at 20°C. If it is desired that the
mixture leave the chamber at 42°C, determine the mass
flow rate of the cold-water stream. Assume all the streams
are at a pressure of 250 kPa.
16. Steam enters the condenser of a steam power plant at 20 kPa and
a quality of 95 percent with a mass flow rate of 20,000 kg/h. It is
to be cooled by water from a nearby river by circulating the water
through the tubes within the con-denser. To prevent thermal
pollution, the river water is not allowed to experience a
temperature rise above 10°C. If the steam is to leave the
condenser as saturated liquid at 20 kPa, determine the mass flow
rate of the cooling water required.
17. A thin-walled double-pipe counter-flow heat exchanger is
used to cool oil (cp = 2.20 kJ/kg · °C) from 150 to 40°C at
a rate of 2 kg/s by water (cp = 4.18 kJ/kg · °C) that enters
at 22°C at a rate of 1.5 kg/s. Determine the rate of heat
transfer in the heat exchanger and the exit temperature of
water.
18. An air-conditioning system involves the mixing of cold air and warm outdoor air before
the mixture is routed to the conditioned room in steady operation. Cold air enters the
mixing chamber at 5°C and 105 kPa at a rate of 1.25 m3/s while warm air enters at 34°C
and 105 kPa. The air leaves the room at 24°C. The ratio of the mass flow rates of the hot
to cold air streams is 1.6. Determine (a) the mixture temperature at the inlet of the room
and (b) the rate of heat gain of the room.
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19. Hot exhaust gases of an internal combustion engine are to be
used to produce saturated water vapor at 2 MPa pressure. The
exhaust gases enter the heat exchanger at 400°C at a rate of 32
kg/min while water enters at 15°C. The heat exchanger is not
well insulated, and it is estimated that 10 percent of heat given
up by the exhaust gases is lost to the surroundings. If the mass
flow rate of the exhaust gases is 15 times that of the water,
determine (a) the temperature of the exhaust gases at the heat
exchanger exit and (b) the rate of heat transfer to the water.
Take cp (gas) = 1.045 kJ/kg·°C.
20. A 5-m x 6-m x 8-m room is to be heated by an electric resistance heater placed in a short
duct in the room. Initially, the room is at 15°C, and the local atmospheric pres-sure is 98
kPa. The room is losing heat steadily to the outside at a rate of 200 kJ/min. A 200-W fan
circulates the air steadily through the duct and the electric heater at an average mass flow
rate of 50 kg/min. The duct can be assumed to be adiabatic, and there is no air leaking in
or out of the room. If it takes 15 min for the room air to reach an average temperature of
25°C, find (a) the power rating of the electric heater and (b) the temperature rise that the
air experiences each time it passes through the heater.
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