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3-14 A mass of 5 kg of saturated water vapor at 200 kPa is
heated at constant pressure until the temperature reaches
300°C. Calculate the work done by the steam during this
process. Answer: 430.5 kJ

3-15 A frictionless piston-cylinder device initially contains
200 L of saturated liquid refrigerant-134a. The piston is free
to move, and its mass is such that it maintains a pressure of
800 kPa on the refrigerant. The refrigerant is now heated until
its temperature rises to 50°C. Calculate the work done during
this process.  Answer: 5227 kJ

FIGURE P3-15



3-17E A frictionless piston-cylinder device contains 12 Ibm
of superheated water vapor at 60 psia and 500°F. Steam is now
cooled at constant pressure until 70 percent of it, by mass, con-
denses. Determine the work done during this process.

3-18 A mass of 2.4 kg of air at 150 kPa and 12°C is con-
tained in a gas-tight, frictionless piston-cylinder device. The air
is now compressed to a final pressure of 600 kPa. During the
process, heat is transferred from the air such that the tempera-
ture inside the cylinder remains constant. Calculate the work
input during this process. Answer: 272 kJ

3-19 Nitrogen at an initial state of 300 K, 150 kPa, and
0.2 m? is compressed slowly in an isothermal process to a final
pressure of 800 kPa. Determine the work done during this
process.

3-20 A gas is compressed from an initial volume of 0.42 m?
to a final volume of 0.12 m®. During the quasi-equilibrium
process, the pressure changes with volume according to
the relation P = aV + b, where a = —1200 kPa/m? and
b = 600 kPa. Calculate the work done during this process
(a) by plotting the process on a P-V diagram and finding the
area under the process curve and (b) by performing the neces-
sary integrations.

FIGURE P3-20

3-21E During an expansion process, the pressure of a
gas changes from 15 to 100 psia according to the relation
P = aV + b, where a = 5 psia/ft® and b is a constant. If the ini-
tial volume of the gas is 7 ft3, calculate the work done during
the process. Answer: 181 Btu

3-22 During some actual expansion and compression

"% processes in piston-cylinder devices, the gases
have been observed to satisfy the relationship PV" = C, where
n and C are constants. Calculate the work done when a gas ex-
pands from 150 kPa and 0.03 m? to a final volume of 0.2 m? for

the case of n = 1.3.




3.—24 A frictionless piston-cylinder device contains 2 kg of
nitrogen at 100 kPa and 300 K. Nitrogen is now compressed
slowly according to the relation PV'#4 = constant until it

FIGURE P3-24

reaches a final temperature of 360 K. Calculate the work in-
put during this process. Answer: 89 kJ

3-29 A piston-cylinder device contains 50 kg of water at
150 kPa and 25°C. The cross-sectional area of the piston
is 0.1 m?. Heat is now transferred to the water, causing part of
it to evaporate and expand. When the volume reaches 0.2 m?,
the piston reaches a linear spring whose spring constant is
100 kN/m. More heat is transferred to the water until the piston
rises 20 cm more. Determine (a) the final pressure and temper-
ature and (b) the work done during this process. Also, show the
process on a P-V diagram.

Answers: (a) 350 kPa, 138.88°C; (b) 27.5 kJ



FIGURE P3-29



3-31 A piston-cylinder device with a set of stops contains
10 kg of refrigerant-134a. Initially, 8 kg of the refrigerant is
in the liquid form, and the temperature is —8°C. Now heat
is transferred slowly to the refrigerant until the piston hits
the stops, at which point the volume is 400 L. Determine
(a) the temperature when the piston first hits the stops and
(b) the work done during this expansion process. Also, show
the process on a P-V diagram. Answers: (a) —8°C, (b) 45.6 k!

FIGURE P3-31

3-32 A frictionless piston-cylinder device contains 10 kg of
saturated refrigerant-134a vapor at 50°C. The refrigerant is
then allowed to expand isothermally by gradually decreasing
the pressure in a quasi-equilibrium manner to a final value of
500 kPa. Determine the work done during this expansion
process (a) by using the experimental specific volume data
from the tables and (b) by treating the refrigerant vapor as an
ideal gas. Also, determine the error involved in the latter case.

3-79 A piston-cylinder device contains 5 kg of refrigerant-134a at 800 kPa |
and 60°C. The refrigerant is now cooled at constant pressure until it exists as |
a liquid at 20°C. Determine the amount of heat loss and show the process on |
a T-v diagram with respect to saturation lines. Answer: 1089 kJ



3-88 A mass of 5 kg of saturated liquid—vapor mixture
of water is contained in a piston-cylinder device at 100 kPa.
Initially, 2 kg of the water is in the liquid phase and the rest is
in the vapor phase. Heat is now transferred to the water, and
the piston, which is resting on a set of stops, starts moving
when the pressure inside reaches 200 kPa. Heat transfer con-
tinues until the total volume increases by 20 percent. Deter-
mine (a) the initial and final temperatures, (b) the mass of
liquid water when the piston first starts moving, and (c) the
work done during this process. Also, show the process on a
P-v diagram.

FIGURE P3-88



