3-42 100-kg of R-134a at 200 kPa are contained in a
piston-cylinder device whose volume is 12.322 m*. The pis-
ton is now moved until the volume is one-half its original
size. This is done such that the pressure of the R-134a does
not change. Determine the final temperature and the change
in the total internal energy of the R-134a.

3—-48 Saturated steam coming off the turbine of a steam
power plant at 30°C condenses on the outside of a 3-cm-
outer-diameter, 35-m-long tube at a rate of 45 kg/h. Deter-
mine the rate of heat transfer from the steam to the cooling
water flowing through the pipe.

3-52 Arigid vessel contains 2 kg of refrigerant-134a at 800
kPa and 120°C. Determine the volume of the vessel and the
total internal energy. Answers: 0.0753 m?®, 655.7 kJ

3-58 A 0.3-m’ rigid vessel initially contains saturated liquid—
vapor mixture of water at 150°C. The water is now heated
until it reaches the critical state. Determine the mass of the
liquid water and the volume occupied by the liquid at the ini-
tial state. Answers: 96.10 kg, 0.105 m3



3-63 A piston-cylinder device initially contains 1.4-kg sat-
urated liquid water at 200°C. Now heat is transferred to the
water until the volume quadruples and the cylinder contains
saturated vapor only. Determine (a) the volume of the tank,
(b) the final temperature and pressure, and (c) the internal
energy change of the water.

Water
14 kg
200°C

FIGURE P3-63

3—-64 A piston—cylinder device initially contains steam at
3.5 MPa, superheated by 5°C. Now, steam loses heat to the
surroundings and the piston moves down hitting a set of stops
at which point the cylinder contains saturated liquid water.
The cooling continues until the cylinder contains water at
200°C. Determine (a) the initial temperature, (b) the enthalpy
change per unit mass of the steam by the time the piston first
hits the stops, and (c) the final pressure and the quality (if
mixture).

Steam ' Q
3.5 MPa

FIGURE P3-64



3—-68 100 grams of R-134a initially fill a weighted piston-
cylinder device at 60 kPa and —20°C. The device is then
heated until the temperature is 100°C. Determine the change
in the device’'s volume as a result of the heating. Answer:
0.0168 m?

o

R-134a
60 kPa
-20°C

FIGURE P3-68



3-79 The pressure in an automobile tire depends on the
temperature of the air in the tire. When the air temperature is
25°C, the pressure gage reads 210 kPa. If the volume of the
tire is 0.025 m’, determine the pressure rise in the tire when
the air temperature in the tire rises to 50°C. Also, determine
the amount of air that must be bled off to restore pressure to
its original value at this temperature. Assume the atmospheric
pressure is 100 kPa.

V=0.025m’
T=25C
F,=210kPa

FIGURE P3-79

3-80 A 1-m? tank containing air at 25°C and 500 kPa is
connected through a valve to another tank containing 5 kg of
air at 35°C and 200 kPa. Now the valve is opened, and the
entire system is allowed to reach thermal equilibrium with
the surroundings, which are at 20°C. Determine the volume
of the second tank and the final equilibrium pressure of air.
Answers: 2.21 m3, 284.1 kPa

3-82 A mass of 10-g of oxygen fill a weighted piston-
cylinder device at 20 kPa and 100°C. The device is now
cooled until the temperature is 0°C. Determine the change of
the volume of the device during this cooling.



3-120  The piston diameters in Fig. P3-120 are D, = 10 cm
and D, = 4 cm. Chamber 1 contains 1 kg of helium, chamber
2 is filled with condensing water vapor, and chamber 3 is
evacuated. The entire assembly is placed in an environment
whose temperature is 200°C. Determine the volume of cham-
ber 1 when thermodynamic equilibrium has been established.
Answer: 3.95 m*

3-127 A 0.5-m’ rigid tank containing hydrogen at 20°C
and 600 kPa is connected by a valve to another 0.5-m? rigid
tank that holds hydrogen at 30°C and 150 kPa. Now the valve
is opened and the system is allowed to reach thermal equilib-
rium with the surroundings, which are at 15°C. Determine
the final pressure in the tank.

Hz H2
1T
V=05m %) V=05m’
T = 20°C T = 30°C
P = 600 kPa P = 150 kPa

FIGURE P3-127



