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5—100 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/m® at the inlet and
1.05 kg/m* at the exit, determine the percent increase in the
velocity of air as it flows through the dryer.

1.05 kg/m’ — A %ﬂ 1.20 kg/m*
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FIGURE P5-10



5-14 A cyclone separator like that in Fig. P5-14 is used to
remove fine solid particles, such as fly ash, that are sus-
pended in a gas stream. In the flue-gas system of an electrical
power plant, the weight fraction of fly ash in the exhaust
gases is approximately 0.001. Determine the mass flow rates
at the two outlets (flue gas and fly ash) when 10 kg/s of flue
gas and ash mixture enters this unit. Also determine the
amount of fly ash collected per year.

Flue gas and 45N s

FIGURE P5-14

5-25 An air compressor compresses 10 L of air at 120 kPa
and 20°C to 1000 kPa and 300°C. Determine the flow work,
in kl/kg, required by the compressor. Answer: 80.4 kl/kg



5-34 The diffuser in a jet engine is designed to decrease the
kinetic energy of the air entering the engine compressor with-
out any work or heat interactions. Calculate the velocity at the
exit of a diffuser when air at 100 kPa and 20°C enters it with
a velocity of 500 m/s and the exit state is 200 kPa and 90°C.
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FIGURE P5-34
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5-39 Carbon dioxide enters an adiabatic nozzle steadily at
1 MPa and 500°C with a mass flow rate of 6000 kg/h and
leaves at 100 kPa and 450 m/s. The inlet area of the nozzle is
40 cm?. Determine (a) the inlet velocity and (b) the exit tem-
perature. Answers: (a) 60.8 m/s, (b) 685.8 K



5-51 An adiabatic air compressor compresses 10 L/S of air
at 120 kPa and 20°C to 1000 kPa and 300°C. Determine (a)
the work required by the compressor, in kl/kg, and (b) the
power required to drive the air compressor, in KW.
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FIGURE P5-51



5-52 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. Answers: (a) —1.95 klJ/kg, (b) 10.2
MW, (c) 0.00447 m?
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5-58 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

00 kg/min.
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FIGURE P5-58



5-63 A portion of the steam passing through a steam tur-
bine is sometimes removed for the purposes of feedwater
heating as shown in Fig. P5-63. Consider an adiabatic steam
turbine with 12.5 MPa and 550°C steam entering at a rate of
20 kg/s. Steam is bled from this turbine at 1000 kPa and
200°C with a mass flow rate of 1 kg/s. The remaining steam
leaves the turbine at 100 kPa and 100°C. Determine the
power produced by this turbine. Answer: 15,860 kW
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FIGURE P5-63

5-71 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. Answer: 490.1°C

5-78 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. Answer: 0.865 kg/s



5-85 A heat exchanger is to cool ethylene glycol (¢, =
2.56 klikg - °C) flowing at a rate of 2 kg/s from 80°C to
40°C by water (cp = 4.18 kl/kg - “C) that enters at 20°C and
leaves at 55°C. Determine (a) the rate of heat transfer and (b)
the mass flow rate of water.

5-90 An adiabatic open feedwater heater in an electrical
power plant mixes 0.2 kg/s of steam at 100 kPa and 160°C
with 10 kg/s of feedwater at 100 kPa and 50°C to produce
feedwater at 100 kPa and 60°C at the outlet. Determine the
outlet mass flow rate and the outlet velocity when the outlet
pipe diameter is 0.03 m.
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FIGURE P5-90



