Energy Analysis of Closed Systems
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Prob. 4-5

4-5 Water is being heated in a closed pan on top of a range
while being stirred by a paddle wheel. During the process,
30 kJ of heat is transferred to the water, and 5 kJ of heat is lost
to the surrounding air. The paddle-wheel work amounts to
500 N - m. Determine the final energy of the system |l ts initial

energy is 10 k).  Answer: 35.5 kJ N (&AL
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Prob. 4-12

4-12 A 0.5-m’ rigid tank contains refrigerant-134a initially at
200 kPa and 40 percent quality. Heat is now transferred to the
refrigerant until the pressure reaches 800 kPa. Determine
(a) the mass of the refrigerant in the tank and (b) the amount of
heat transferred. Also, show the process on a P-v diagram with
respect to saturation lines.
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nternal Energy and Enthalpy
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Prob. 4-21

4-21 A piston-cylinder device contains steam initially at
I MPa, 350°C, and 1.5 m". Steam is allowed to cool at constant
pressure until it first starts condensing. Show the process on
a T-v diagram with respect to saturation lines and determine
(a) the mass of the steam, (b) the final temperature, and (¢) the

amount of heat transfer.
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Prob. 4-29

a steam-heating system. The steam radiator transfers heat at a

; : : V = M\)( Sl 1 M)
4-29 A4-m X 5-m X 7-m room is heated by the radiator of L{

3
rate of 10,000 kJ/h, and a 100-W fan is used to distribute the \f = {%0 d /“K

warm air in the room. The rate of heat loss from the room is
estimated to be about 5000 kJ/h. If the initial temperature of

4

=d
the room air is 10°C, determine how long it will take for the air @('\) = (0) 000 e

temperature to rise to 20°C. Assume constant specific heats at
room temperature.

5000 kJ/h

\ql\)pw\) = (OOO\)

4mxSmxT7m

Steam
- f.\_

b/

o | teac T
: Q SN

=
ROOM ’ (Q/w;5 = 5000 tH
T =lo’c T.=20¢

R ND TIME D
“l‘“ Ct}x ,l().()()()kllh ?l

= = AL ':o' :"Zf
Q= pe 2 W7 2z, €045 W=

vesT Lo W = (U -U)

(G- 0) 4t = m(ta-1)
ASUME | DEAL 645t UE Foup

g:(u __{(7:0 1T wune G
-t = Co (T -T))

thermonotes04 Page 18

CONSTANT



bt = Co(T-T)—

A = (MCJ((;. )
(@-@7
P\ =meT
fa
_ PV 00\‘ Xl% > 7(1#@5

RT @ 2671 ¢<>T’(l73 *:)
qQ = <000@?é“7000%3\6ﬁ 3%7m

(1@”@ (10 @ K



Prob. 4-33

4-33 A piston-cylinder device whose piston is resting on
top of a set of stops initially contains 0.5 kg of helium gas at
100 kPa and 25°C. The mass of the piston is such that 500 kPa
of pressure is required to raise it. How much heat must be
transferred to the helium before the piston starts rising”
Answer: 1857 kJ
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Prob. 4-37

4-37 An insulated piston-cylinder device initially contains
0.3 m* of carbon dioxide at 200 kPa and 27°C. An electric
switch is turned on, and a 110-V source supplies current to a \/ = 0.3 > 7
resistance heater inside the cylinder for a period of 10 min. The \ ( 2
pressure is held constant during the process, while the volume

is doubled. Determine the current that passes through the resis- VL = 200

tance heater.
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Prob. 4-45

4-45 In a manufacturing facility, S-cm-diameter brass balls
(p = 8522 kg/m’® and C, = 0.385 kJ/kg - °C) initially at 120°C
are quenched in a water bath at 50°C for a period of 2 min. ata
rate of 100 balls per minute. If the temperature of the balls after
quenching is 74°C, determine the rate at which heat needs to be
removed from the water in order to keep its temperature con-
stant at 50°C.
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First Law of Thermo for Open Systems
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Prob. 4-65

4-65 Fyp. Steam at 3 MPa and 400°C enters an adiabatic

nozzle steadily with a velocity of 40 m/s and
leaves at 2.5 MPa and 300 m/s. Determine (a) the exit temper-
ature and (b) the ratio of the inlet to exit area A,/A,.
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Prob. 4-81

4-81 Steam enters an adiabatic turbine at 10 MPa and 400°C
and leaves at 20 kPa with a quality of 90 percent. Neglecting
the changes in kinetic and potential energies, determine the
mass flow rate required for a power output of 5 MW.

Answer: 6.919 kg/s
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Prob. 4-86

4-86 Refrigerant-134a enters an adiabatic compressor as
saturated vapor at —20°C and leaves at 0.7 MPa and 70°C.
The mass flow rate of the refrigerant is 1.2 kg/s. Determine
(a) the power input to the compressor and (b) the volume flow
rate of the refrigerant at the compressor inlet.
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Prob. 4-88E

4-88E Air is compressed from 14.7 psia and 60°F to a pres-
sure of 150 psia while being cooled at a rate of 10 Btu/Ibm by
circulating water through the compressor casing. The volume
flow rate of the air at the inlet conditions is 5000 ft*/min, and
the power input to the compressor is 700 hp. Determine (a) the
mass flow rate of the air and (b) the temperature at the com-
pressor exit. Answers: (a) 6.36 Ibm/s, (b) 801 R
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Prob. 4-97

4-97 Ep Refrigerant-134a at 800 kPa and 25°C is throttled

S t0a temperature of —20°C. Determine the pres-
sure and the internal energy of the refrigerant at the final state.
Answers: 133 kPa, 78.8 kl/kg
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Prob. 4-112

4-112 Refrigerant-134a at 800 kPa, 70°C, and 8 kg/minis 24
cooled by water in a condenser until it exists as a saturated /—ﬁ~

liquid at the same pressure. The cooling water enters the con- f; = J00 ek
denser at 300 kPa and 15°C and leaves at 30°C at the same ___ f"
pressure. Determine the mass flow rate of the cooling water (< =/0C

required to cool the refrigerant. Answer: 27.0 kg/min
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Prob. 4-124E

4-124E Steam is to be condensed on the shell side of a
heat exchanger at 90°F. Cooling water enters the tubes at 60°F
at a rate of 115.3 Ibm/s and leaves at 73°F. Assuming the
heat exchanger to be well-insulated, determine the rate of heat
transfer in the heat exchanger and the rate of condensation of
the steam.
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Prob. 4-144E

4-144E Air enters the duct of an air-conditioning system at = s B
I5 psia and S0°F at a volume flow rate of 450 ft*/min. The di- .
ameter of the duct is 10 in., and heat is transferred to the airin (=520 F
the duct from the surroundings at a rate of 2 Btu/s. Determine _- 3
(a) the velocity of the air at the duct inlet and (b) the tempera- G :[(‘70/1%
ture of the air at the exit. D=y /)
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Unsteady Questions

IC The valve of an initially evacuated, adiabatic rigid tank is opened,
air at 30°C flows in. When the pressure inside the tank reaches atmos-
lic pressure, the air temperature in the tank increases to 150°C. Explain
caused this temperature rise.

opened and refrigerant is allowed to escape, a layer of ice forms
de the can. Explain how that happens.

[ The valve of an insulated rigid vessel containing air at a high pres-
i§ slightly opened, allowing some air to escape. Will the temperature of
the tank change during this process? How?
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Prob. 4-150

4-150 A 0.2-m’ rigid tank initially contains refrigerant-134a
at 8°C. At this state, 60 percent of the mass is in the vapor
phase, and the rest is in the liquid phase. The tank is connected
by a valve to a supply line where refrigerant at 1 MPa and
120°C flows steadily. Now the valve is opened slightly, and the
refrigerant is allowed to enter the tank. When the pressure in
the tank reaches 800 kPa, the entire refrigerant in the tank ex-
ists in the vapor phase only. At this point the valve is closed.
Determine (a) the final temperature in the tank, (») the mass of
refrigerant that has entered the tank, and (c¢) the heat transfer
between the system and the surroundings.
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Prob. 4-151E

4-151E A 4-ft° rigid tank initially contains saturated water
vapor at 250°F. The tank is connected by a valve to a supply
line that carries steam at 160 psia and 400°F. Now the valve is
opened, and steam is allowed to enter the tank. Heat transfer
takes place with the surroundings such that the temperature in
the tank remains constant at 250°F at all times. The valve is
closed when it is observed that one-half of the volume of the
tank is occupied by liquid water. Find (a) the final pressure in
the tank, (b) the amount of steam that has entered the tank, and
(¢) the amount of heat transfer.

Answers: (a) 29.82 psia, (b) 117.5 Ibm, (¢) 117,540 Btu
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Prob. 4-153

4-153 An insulated, vertical piston-cylinder device initially
contains 10 kg of water, 8 kg of which is in the vapor phase.
The mass of the piston is such that it maintains a constant pres-
sure of 300 kPa inside the cylinder. Now steam at 0.5 MPa and
350°C is allowed to enter the cylinder from a supply line until
all the liquid in the cylinder has vaporized. Determine (a) the
final temperature in the cylinder and (b) the mass of the steam
that has entered. Answers: (a) 133.6°C, (b) 9.78 kg

P = 300 kPa b ) )

m, =10 kg P[ .- PL ~ 2 F/@

H,0
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Prob. 4-155

4-155 A0.3-m’ rigid tank is filled with saturated liquid water
at 200°C. A valve at the bottom of the tank is opened, and
liquid is withdrawn from the tank. Heat is transferred to the
water such that the temperature in the tank remains constant.
Determine the amount of heat that must be transferred by the
time one-half of the total mass has been withdrawn. 3
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Prob. 4-157E

4-157E A 4-ft° rigid tank contains saturated refrigerant-134a
at 100 psia. Initially, 20 percent of the volume is occupied by
liquid and the rest by vapor. A valve at the top of the tank is
now opened, and vapor is allowed to escape slowly from the
tank. Heat is transferred to the refrigerant such that the pressure
inside the tank remains constant. The valve is closed when the
last drop of liquid in the tank is vaporized. Determine the total
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Prob. 4-159

4-159 A 4-L pressure cooker has an operating pressure of
175 kPa. Initially, one-half of the volume is filled with liquid

Y (“‘Xooa - 000%

T P =p, = 75th

V=4L

(P = 175 kPa) \& v§ - ,_\/ {7&02

‘T.Q f:tf/ﬁﬁff3é00
FIGURE P4-159 X, =10 947 Vafbf

0
and the other half with vapor. If it is desired that the pressure %/SD KZ
cooker not run out of liquid water for 1 h, determine the high-

est rate of heat transfer allowed.
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Prob. 4-161E

4-161E An insulated 60-ft* rigid tank contains air at 75 psia
and 120°F. A valve connected to the tank is now opened, and
air i1s allowed to escape until the pressure inside drops to
30 psia. The air temperature during this process is maintained
constant by an electric resistance heater placed in the tank. De-
termine the electrical work done during this process. 3
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summer 2013 prob 1

Problem 1: (30 points) The frictionless piston-cylinder device contains 5 kg of hydrogen
at a temperature of 400°C. When 4000 kJ of shaft work 1s transferred to the working
fluid, the temperature rises to 450°C. Determine the amount of heat transferred (klJ)

during the process.
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summer 2013 prob 2
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summer 2013 prob 3

Problem 3: (30 points) Air at 1 atm and 20°C imitially fills a bottle of 0.1-m’ volume.
The bottle is attached to an air line that provides air at 20°C and 50 atm, and the bottle is
charged to a pressure of 50 atm. There 1s heat transfer from the bottle, so the air within 1s

held at 20°C hroughout he process. Determine the heat ransfer during the process.
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summer 2012 prob 1

Problem 1: (25 points) 1.4 kg of liquid water initially at 10°C 1s to be heated to 95°C in a
teapot equipped with a 1000 W electric heating element inside. The specific heat of water
can be taken to be 4.18 klJ/(kg-K). The heat loss from the water during heating can be
neglected. Find the time it takes to heat the water to the desired temperature. (Answer: t =

8.29 min.)
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summer 2012 prob 2

Problem 2: (50 points) A rigid vessel having a volume of 5 m’® contains 0.05 m’ of
saturated liquid water and 4.95 m” of saturated water vapor at 0.1 MPa. Heat is
transferred until the vessel is filled with saturated vapor. Determine the heat transfer for
this process and show the process on a P-v diagram with respect to saturation lines.

(Answer: O = 1.049 x 10° k) 3
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summer 2012 prob 3

Problem 3: (25 points) A cylinder fitted with a frictionless piston has an initial volume
of 2 ft’ and contains nitrogen at 20 Ibf/in” and 80°F. The piston is moved, compressing
the nitrogen until the pressure is 160 Ibf/in” and the temperature is 300°F. During this
compression process heat 1s transferred from the nitrogen and the work done on the
nitrogen is 9.15 Btu. Determine the amount of this heat transfer. Do not assume that the
specific heat is constant during this process. (Answer: 0 = —1.577 Btu)
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Winter 2010 prob 1

I. (40 points) A mass of 5 kg of water 1s contained in a piston-cylinder device at 125
kPa. Initially, 2 kg of the water 1s in the liquid phase and the rest is in the vapor
phase. Heat 1s now transferred to the water, and the piston, which 1s resting on a
set of stops, starts moving when the pressure inside reaches 300 kPa. Heat transfer
continues until the total volume increases by 20 percent. Determine the heat
transferred during this process and show the process on a P-v diagram with
respect to saturation lines.
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Winter 2010 prob 2

2. (20 points) 1000 kg of liquid water at 80°C is brought into a well-insulated and
well-sealed 4-m > 5-m * 6-m room initially at 22°C and 100 kPa. Assuming
constant specific heats for both air and water at room temperature, determine the
final equilibrium temperature in the room. Answer: 78.1°C.
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Winter 2010 prob 3

3.

(15 points) Air is compressed from 14.7 psia and 60°F to a pressure of 150 psia
while being cooled at a rate of 10 Btu/lbm by circulating water through the
compressor casing. The volume flow rate of the air at the inlet conditions is 5000
ft’/min, and the power input to the compressor is 700 hp. Determine (&) the mass
flow rate of the air and (b) the temperature at the compressor exit. Answers: (a)
6.36 Ibm/s, () BO1°R.
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Winter 2010 prob 3

4. (25 points) A 4-L pressure cooker has an operating pressure of 175 kPa. Initially,
one-half of the volume 1s filled with liquid and the other half with vapor. If it 1s

desired that the pressure cooker not run out of liquid water for 1 hour, determine
the highest rate of heat transfer allowed.

V=4L
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