5-144 A balloon initially contains 65 m® of helium gas at
atmospheric conditions of 100 kPa and 22°C. The balloon is
connected by a valve to a large reservoir that supplies helium
gas at 150 kPa and 25°C. Now the valve is opened, and helium
is allowed to enter the balloon until pressure equilibrium with
the helium at the supply line is reached. The material of the
balloon is such that its volume increases linearly with pressure.
If no heat transfer takes place during this process, determine

the final temperature in the balloon. Answer: 334 K

FIGURE P5-144

5-145 An insulated vertical piston—cylinder device initially
contains 0.8 m? of refrigerant-134a at 1.2 MPa and 120°C. A
linear spring at this point applies full force to the piston. A
valve connected to the cylinder is now opened, and refrigerant
is allowed to escape. The spring unwinds as the piston moves
down, and the pressure and volume drop to 0.6 MPa and 0.5
m? at the end of the process. Determine (a) the amount of
refrigerant that has escaped and (b) the final temperature of
the refrigerant.
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FIGURE P5-145

5-147 A Dy = 10-m-diameter tank is initially filled with
water 2 m above the center of a D = 10-cm-diameter valve
near the bottom. The tank surface is open to the atmosphere,
and the tank drains through a L = 100-m-long pipe con-
nected to the valve. The friction factor of the pipe is given
to be f = 0.0135, and the discharge velocity i1s expressed as

V1.5 + /D
center of the valve. Determine (a) the initial discharge veloc-
ity from the tank and (b) the time required to empty the tank.

The tank can be considered to be empty when the water level
drops to the center of the valve.

where 7 is the water height above the

5-159 The hot-water needs of a household are met by a 60-L
electric water heater whose heaters are rated at 1.6 kW. The
hot-water tank is initially full with hot water at 80°C. Some-
body takes a shower by mixing a constant flow of hot water
from the tank with cold water at 20°C at a rate of 0.06 kg/s.
After a shower period of § min, the water temperature in the
tank is measured to drop to 60°C. The heater remained on
during the shower and hot water withdrawn from the tank is



replaced by cold water at the same flow rate. Determine the
mass flow rate of hot water withdrawn from the tank during
the shower and the average temperature of mixed water used
for the shower.

20°C Tank
= . T, =80°C
T, =60°C

mT

= Mixing
chamber

— -
20°C
0.06 kg/s

FIGURE P5-159

S—175  Steam at 40°C condenses on the outside of a 5-m-
long, 3-cm-diameter thin horizontal copper tube by cooling
water that enters the tube at 25°C at an average velocity of 2
m/s and leaves at 35°C. Determine the rate of condensation
of steam. Answer: 0.0245 kg/s

Steam
40°C

Cooling
water 35°C
25°C ! .

FIGURE P5-175




5-192 A liquid R-134a bottle has an internal volume of
0.001 m*. Initially it contains 0.4 kg of R-134a (saturated
mixture) at 26°C. A valve is opened and R-134a vapor only
(no liquid) is allowed to escape slowly such that tempera-
ture remains constant until the mass of R-134a remaining is
0.1 kg. Find the heat transfer necessary with the surround-
ings to maintain the temperature and pressure of the R-134a
constant.

5-202 The turbocharger of an internal combustion engine
consists of a turbine and a compressor. Hot exhaust gases flow
through the turbine to produce work and the work output from
the turbine is used as the work input to the compressor. The
pressure of ambient air is increased as it flows through the com-
pressor before it enters the engine cylinders. Thus, the pur-
pose of a turbocharger is to increase the pressure of air so that
more air gets into the cylinder. Consequently, more fuel can
be burned and more power can be produced by the engine.

In a turbocharger, exhaust gases enter the turbine at 400°C
and 120 kPa at a rate of 0.02 kg/s and leave at 350°C. Air
enters the compressor at 50°C and 100 kPa and leaves at 130
kPa at a rate of 0.018 kg/s. The compressor increases the air
pressure with a side effect: It also increases the air tempera-
ture, which increases the possibility of a gasoline engine to
experience an engine knock. To avoid this, an aftercooler is
placed after the compressor to cool the warm air by cold
ambient air before it enters the engine cylinders. It is esti-
mated that the aftercooler must decrease the air temperature
below 80°C if knock is to be avoided. The cold ambient air
enters the aftercooler at 30°C and leaves at 40°C. Disregard-
ing any frictional losses in the turbine and the compressor and
treating the exhaust gases as air, determine (@) the temperature
of the air at the compressor outlet and (/) the minimum vol-
ume flow rate of ambient air required to avoid knock.
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