: He
: m=1.5Ilbm
E Py =50 psia
|
| e
’I
P, psiaf
P2 _________ 2
50fF-—==-===- 1
I
| :
V=V, v
FIGURE 4-30

Schematic and P-V diagram for
Example 4-8.

EXAMPLE 4-8 Heating of a Gas in a Tank by Stirring

An insulated rigid tank initially contains 1.5 Ibm of helium at 80°F and 50 psia.
A paddle wheel with a power rating of 0.02 hp is operated within the tank for 30 min.
Determine (a) the final temperature and (b) the final pressure of the helium gas.

SOLUTION Helium gas in an insulated rigid tank is stirred by a paddle wheel.
The final temperature and pressure of helium are to be determined.

Assumptions 1 Helium is an ideal gas since it is at a very high temperature relative
to its critical-point value of —451°F. 2 Constant specific heats can be used for helium.
3 The system is stationary and thus the kinetic and potential energy changes are zero,
AKE = APE = 0 and AE = AU. 4 The volume of the tank is constant, and thus there
is no boundary work. 5 The system is adiabatic and thus there is no heat transfer.
Analysis We take the contents of the tank as the system (Fig. 4-30). This is a closed
system since no mass crosses the system boundary during the process. We observe
that there is shaft work done on the system.

(a) The amount of paddle-wheel work done on the system is

(2545 Btulh)
1

W, = W, At = (0.02 hp)(0.5 h) =25.45Bu

Under the stated assumptions and observations, the energy balance on the system can
be expressed as

E,-E, = AE
o ——
Net energy transfer Change in internal, kinetic,

by heat, work, and mass potential, eic., energies

Wain =AU =m(u, — u,) =mc

system

Il.n\g( TZ o Tl)



As we pointed out earlier, the ideal-gas specific heats of monatomic gases (helium
being one of them) are constant. The ¢, value of helium is determined from
Table A-2Ea to be ¢, = 0.753 Btw/Ibm-°F. Substituting this and other known quanti-
ties into the preceding equation, we obtain

25.45 Btu = (1.5 Ibm)(0.753 Btu/Ibm-°F)(T, — 80)°F
T, = 102.5°F

(b) The final pressure is determined from the ideal-gas relation

RV, _PY,
I, I

where V, and V, are identical and cancel out. Then the final pressure becomes

50 psia P,
(80 + 460)R  (102.5 + 460)R
P, = 52.1 psia

Discussion Note that the pressure in the ideal-gas relation is always the absolute
pressure.



Air, 35°C
Furnace
900°C Steel ball  100°C
FIGURE 4-36

Schematic for Example 4-13.

EXAMPLE 4-13 Cooling of Carbon Steel Balls in Air

Carbon steel balls (p = 7833 kg/m? and ¢, = 0.465 kl/kg-°C) 8 mm in diameter are
annealed by heating them first to 900°C in a furnace, and then allowing them to cool
slowly to 100°C in ambient air at 35°C, as shown in Fig. 4-36. If 2500 balls are to
be annealed per hour, determine the total rate of heat transfer from the balls to the
ambient air.

SOLUTION Carbon steel balls are to be annealed at a rate of 2500/h by heating
them first and then allowing them to cool slowly in ambient air at a specified rate. The
total rate of heat transfer from the balls to the ambient air is to be determined.
Assumptions 1 The thermal properties of the balls are constant. 2 There are no
changes in kinetic and potential energies. 3 The balls are at a uniform temperature at
the end of the process.

Properties The density and specific heat of the balls are given to be p = 7833 kg/
m’ and ¢, = 0.465 kJ/kg-°C.

185

Analysis We take a single ball as the system. The energy balance for this closed

system can be expressed as

E

mn

Net energy transfer
by heat, work, and mass

—-E = AE

system

Change in internal, kinetic,
potential, etc., energies

= AUy =m(u, — u,)
=me(T, —T,)

The amount of heat transfer from a single ball is

nD

2(0.008 m)*

3
m=pli= pre = (7833 kg/m?) S 0.00210 kg

Qo =me(T, = T,) = (0.00210 kg)(0.465 kJ/kg-°C)(900 — 100)°C
= (0.781 kJ (per ball)

Then the total rate of heat transfer from the balls to the ambient air becomes

Qi = Figy Qo = (2500 ball/h)(0.781 ki/ball) = 1953 kI/h = 542 W

Discussion For solids and liquids, constant-pressure and constant-volume specific
heats are identical and can be represented by a single symbol ¢. However, it is custom-
ary to use the symbol ¢, for the specific heat of incompressible substances.



4-19 A piston—cylinder device initially contains 0.4 kg
of nitrogen gas at 160 kPa and 140°C. The nitrogen is now
expanded isothermally to a pressure of 100 kPa. Determine the
boundary work done during this process. Answer: 23.0 kJ

FIGURE P4-19

4-19 A piston-cylinder device contains nitrogen gas at a specified state. The boundary work is to be determined for the
isothermal expansion of nitrogen.
Properties The properties of nitrogen are R = 0.2968 klJ/kg. K, k = 1.4 (Table A-2a).

Analysis We first determine initial and final volumes from ideal gas relation, and find the boundary work using the relation

for isothermal expansion of an ideal gas

2¢ 2
y =R _ (04 ke)0.2968 KIke K)140+273K) _ (306, s I
P, 160 kPa
¥ 2 ¢ y 2
y — MRT _ (04 kg)(0.2968 kifkg. K)(140 +273K) _ ( yo0 N,
) P, 100 kPa 160 kPa
/ 4903 m’ 140°C
W, = PYIn| 2| = (160 kPa)(©0.3064 m™)In| 225 ™_|_ 2301
Y 0.3064 m



4-20 A piston—cylinder device contains 0.15 kg of air ini-
tially at 2 MPa and 350°C. The air is first expanded isother-
mally to 500 kPa, then compressed polytropically with a
polytropic exponent of 1.2 to the initial pressure, and finally
compressed at the constant pressure to the initial state. Deter-
mine the boundary work for each process and the net work of
theeyele.

4-20 A piston-cylinder device contains air gas at a specified state. The air undergoes a cycle with three processes. The
boundary work for each process and the net work of the cycle are to be determined.
FProperties The properties of air are R = 0.287 kl/kg. K, k = 1.4 (Table A-2a).

Analysis For the isothermal expansion process:

| |

RT  (0.15 kg)(0.287 kI/kg.K)(350 + 273 K
Y- "’P _ (0I5 ke) 2000 ip K330 + ) _ 001341 m*

= (2 a) Air

RT  (0.15 kg)(0.287 kJ/kg.K)(350 + 273 K ;
Y- mRT _ ( a) 2. K)(350+ ) 005364 m® 2 M:’A

P, (500 kPa) 350°C

v 5. [0.05364 m®
W, > = PYIn|—=| = (2000 kPa)(0.0134] m’)In| ——— | = 37.18 kJ
ha-2 =FY4 ::{] ( . ) [11_111341 m’ y

For the polytropic compression process:
P = P ——(500 kPa)(0.05364 m*)'? = (2000 kPa) #{* ——# = 0.01690 m”

_ P~ PY (2000 kPa)(0.01690 m”) — (500 kPa)(0.05364 m®)
" l-n 1—-1.2

Wyo 3 ——34.86kJ

For the constant pressure compression process:
W, 5, = Pi(Y — )= (2000 kPa)(0.01341 —0.01690)m" = —6.97 kJ

The net work for the cycle is the sum of the works for each process

W =Wy, s +W, s s+ W, =37.18+(—34.86) +(—6.97) = —4.65kJ



4-22 1 kg of water that is initially at 90°C with a quality of
10 percent occupies a spring-loaded piston—cylinder device, such
as that in Fig. P4-22. This device is now heated until the pressure
rises to 800 kPa and the temperature is 250°C. Determine the
total work produced during this process, in kJ. Answer: 24.5 kJ

Water, 90°C
x =010

FIGURE P4—-22

4-22 A saturated water mixture contained in a spring-loaded piston-cylinder device is heated until the pressure and

temperature rises to specified values. The work done during this process is to be determined.
Assumptions The process is quasi-equilibrium.
Analysis The initial state is saturated mixture at 90°C. The pressure
and the specific volume at this state are (Table A-4),
P, =70.183 kPa
Y =Vy +xlp
=0.001036 + (0.10)(2.3593 — 0.001036)
=0.23686 m’/kg
The final specific volume at 800 kPa and 250°C is (Table A-6)

v, =0.29321 m'/kg

=¥

Since this is a linear process, the work done is equal to the area under the process line 1-2:

R+P

W,

Boout — Area =

mith — )
~ (70.183 4-800)kPa
2

| kJ
1 ke)(0.29321 —0.23686)m" | ———
(I'ke) ) [lkPa-m"]

=24.52kJ



4-24 A piston—cylinder device contains 50 kg of water at
250 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 1s
transferred to the water until the piston rises 20 cm more. Deter-
mine (a) the final pressure and temperature and (») the work done
during this process. Also, show the process on a P-V diagram.
Answers: (a) 450 kPa, 147.9°C, (b) 44.5 kJ

FIGURE P4-24



4-24 Water in a cylinder equipped with a spring is heated and evaporated. The vapor expands until it compresses the
spring 20 cm. The final pressure and temperature, and the boundary work done are to be determined, and the process
is to be shown on a P- ¢/ diagram.

Assumptions The process is quasi-equilibrium.

Analysis (a) The final pressure is determined from

5
=P+ = p 2 050 kpa) + LOOKNMNOZm)f 1 kP
R R 0.1 m I KN/m’

)= 450kPa

The specific and total volumes at the three states are
T, =25°C A

U, =V rsoe = 0.001003 m /K

B =250kPa [ ' = 1e3°C .

Y = mu, = (50 kg)(0.001003 m*/kg) = 0.05 m*

¥, =02m’
Y=V, + x4, =(02m*) + (0.2 m)0.1 m*) =022 m*
3
v =B OB _ 60044 ming *
T oom 50 kg

At 450 kPa, g, = 0.001088 m'/kg and ¢, = 0.41392 m'/kg. Noting that ¢, < ; < U, the final state is a saturated mixture and
thus the final temperature is

Ty = Twasowrs = 147.9°C
() The pressure remains constant during process 1-2 and changes linearly (a straight line) during process 2-3. Then the
boundary work during this process is simply the total area under the process curve,

P+ P

W oo = Aten = R — )+ =222~ )
~[(250 kPa)(0.2 — 0.05)m* + Z20F O KPa 4 55 _ 0.2)m’ { kl]> Gl
a-m

=44.5k]

Discussion The positive sign indicates that work is done by the system (work output).



4-39 A 40-L electrical radiator containing heating oil is
placed in a 50-m’ room. Both the room and the oil in the radia-
tor are initially at 10°C. The radiator with a rating of 2.4 kW
1s now turned on. At the same time, heat 1s lost from the room
at an average rate of 0.35 kJ/s. After some time, the average
temperature 1s measured to be 20°C for the air in the room,
and 50°C for the oil in the radiator. Taking the density and
the specific heat of the oil to be 950 kg/m? and 2.2 kJ/kg-°C,
respectively, determine how long the heater 1s kept on. Assume
the room 1s well sealed so that there are no air leaks.

10°C Room

e

Radiator

FIGURE P4-39



4-39 A room is heated by an electrical radiator containing heating oil. Heat is lost from the room. The time period during
which the heater is on is to be determined.

Assumptions 1 Air is an ideal gas since it is at a high temperature and low pressure relative to its eritical point values of -141°C
and 3.77 MPa. 2 The kinetic and potential energy changes are negligible, Ake = Ape = (). 3 Constant specific heats at
room temperature can be used for air. This assumption results in negligible error in heating and air-conditioning
applications. 4 The local atmospheric pressure is 100 kPa. 5 The room is air-tight so that no air leaks in and out during the
process.

Properties The gas constant of air is R = 0.287 kPa.m/kg.K (Table A-1). Also, ¢.= 0.718 kJ/kg.K for air at room
temperature (Table A-2). Oil properties are given to be g = 950 kg/m’ and ¢, = 2.2 kl/kg.”C.

Analysis We take the air in the room and the oil in the radiator to be the system.

This is a closed system since no mass crosses the system boundary. The energy R
balance for this stationary constant-volume closed system can be expressed as 10°C = 0
I“m ot kwl — Aﬁsy«m Radiator
Net eneryy tramsfer Change i ineemal, kinclic, —
by beat. work, and mass potential, eic. energics

(“'/m 5 Qnu JAL = AU‘“ T Auml
Zlme (T, =Ty, +Ime, (T, —T})], (since KE=PE=0)

The mass of air and oil are

oo P (100 kPa)(50 m*)
' RT, (0287 kPa-m’/kg-K)(10+ 273 K)

My = P = (950 kg/m*)(0.040 m*) = 38 kg

=62.32 kg

Substituting,
(2.4 —0.35 KJ/s)Ar = (62.32 kg)(0.718 kJ/kg- “C)(20 — 10)°C + (38 kg)(2.2 kg “CH50 - 10)°C
—s Ar = 1850 s = 30.8 min

Discussion In practice, the pressure in the room will remain constant during this process rather than the volume, and some
air will leak out as the air expands. As a result, the air in the room will undergo a constant pressure expansion process.

Therefore, it is more proper to be conservative and to using AH instead of use AU in heating and air-conditioning
applications.



4-40 Steam at 75 kPa and 8 percent quality is contained in a
spring-loaded piston—cylinder device, as shown in Fig. P4-40,
with an initial volume of 2 m>. Steam is now heated until its vol-
ume is 5 m? and its pressure is 225 kPa. Determine the heat trans-
ferred to and the work produced by the steam during this process.

FIGURE P4-40



4-40 A saturated water mixture contained in a spring-loaded piston-cylinder device is heated until the pressure and volume

rise 1o specified values. The heat transfer and the work done are 1o be determined.

Assumptions 1 The cylinder is stationary and thus the kinetic and potential energy changes are zero. 2 There are no work
interactions involved other than the boundary work. 3 The thermal energy stored in the cylinder itself is negligible. 4 The
COMPression or expansion process is quasi-equilibrium.

Analysis We take the contents of the cylinder as the system. This is a closed system since no mass enters or leaves. The
energy balance for this stationary closed system can be expressed as

Eo—En = AE .
"-_."-_'

INet gy WransEor Chaspe in istoreal, kisotic,
Iy Pacl, weowk, amd mass oleniand, 0, eneTgss

Qn — W o =AU =mii, — 1) (since KE=PE =0)
Qo =W, o ey — )
The initial state is saturated mixture at 75 kPa. The specific volume and internal energy at this state are (Table A-5),

U = Uy + vy, = 0.001037 + (0.08)(2.2172 — 0.001037) = 0.1783 m'/kg
= 1, + g, = 384.36 + (0.08)(2111.8) = 553.30 kl/kg

The mass of water is P
i 2 m’ 225 kPa
m=——— =T __ _|1.22kg
¢ 00783 kg
The final specific volume is 75 kPa
v Sm’
g, =2 = 7™M 4458 m'/kg

w1122 kg
The final state is now fixed. The internal energy at this specific volume and 225 kPa pressure is {Table A-6)
i, = 1650.4 klikg
Since this is a linear process, the work done is equal to the area under the process line 1-2:

R
W, = Aea= P-|—F!.W ) — {T5+u25}kPa{5_3]m;[
2 kPa-m’

Il

] 450 kJ

Substituting into energy balance equation gives

Q, =W, ., i — ) =450 kI + (11,22 kgh 1650.4 — 553.30) k)/kg =12, 750 kJ



4-41 A piston—cylinder device initially contains 0.6 m’ of satu-
rated water vapor at 250 kPa. At this state, the piston is resting on
a set of stops, and the mass of the piston is such that a pressure
of 300 kPa is required to move it. Heat is now slowly transferred
to the steam until the volume doubles. Show the process on a
P-v diagram with respect to saturation lines and determine (@) the
final temperature, (b) the work done during this process, and
(c) the total heat transfer. Answers: (a) 662°C, (b) 180 kJ, (c) 910 kJ

4-41 A cylinder equipped with a set of stops for the piston to rest on is initially filled with sawrated water vapor at a
specified pressure, Heat is transferred w water until the volome doubles, The final temperature, the boundary work done by
the steam, and the amount of heat ransfer are to be determined, and the process is w be shown on a P-ediagram,
Assumptions 1 The cvlinder is stationary and thus the kinetic and potential eneray changes are xero, 2 There are no work
interactions involved other than the boundary work. 3 The thermal energy stored in the cylinder itself is negligible. 4 The
COMPTEssIon Or expansion process is quasi-equilibrinm.

Arrerdysis We take the contents of the cylinder as the system. This is a closed system since no mass enters or leaves. The
encrgy balance for this stationary closed system can be expressed as

'Em = ';";IUL = ":"J:'-w:nl...'rn
gl emeTgy Umnsker Champe in imtormal, kinetic, 300 kPa

Ty bt work, amd mass
Q. W, =AU =miuy —1y)  (since KE=PE =0) H.O

Q. =mliey =)+ W, 250 kPa
Sat. vapor

polenlial, cic. oncTgEcs

The properties of steam are (Tables A< through A-6)

R =250kPa | 4 =0 4y, = 071873 m* kg
Fat.vapar My = W gasnyp, = 22368 kllkg

% P
m=t o OEM g g3ugke
¢ OTIBTIm kg
3
po= o 12M s ke
mo L8348 ke
P, = 300 kPa T, = 662°C

v, = 14375 m’ kg | o, = 34114 klke

() The work done during process 1-2 is zero (since ¢'= const) and the work done during the constant pressure process 2-3 is

Woow = f P dl/ = P, — ) = (300 kPa)1.2 u.mm‘[i

.]:lﬁﬂh.l
I kPa-m

() Heat transfer is determined from the energy balance,

Q, =mlw, —u )+ W,
= ((LE348 ke)p3411.4 —2536.8) klkg + 180 k]
=910 k]



4-42 An insulated tank is divided into two parts by a parti-
tion. One part of the tank contains 2.5 kg of compressed liquid
water at 60°C and 600 kPa while the other part is evacuated.
The partition is now removed, and the water expands to fill the

4=-42 Omne part of an insulated tank contains compressed liguid while the other side is evacuoated. The partition is then
removed, and water is allowed to expand into the entire tank, The final temperature and the volume of the tank are to be
determined.
Assumprions 1 The tank is stationary and thus the kinetic and potential encrgy changes are zero, 2 The tank is insulated and
thus heat transfer is negligible. 3 There are no work interactions.
Amalysis We wake the entire contents of the wnk as the system. This is a closed system since no mass enters or leaves.
Moting that the volume of the system is constant and thus there is no boundary work, the energy balance for this stationary
closed system can be expressed as

E —E = AE

Wil svElEm
..\-_F'_-. .\-_‘i'_'.
Nel encrgy ransior Change in inlernal, kinaie,
Ty P, sk, sl micass poienaial, ele, energies Evacuated
O=AU=miw, —u,) (since W=0=KE=PE=1}) Partition
Iy = Uy

The properties of water are (Tables A<} through A-6)

B =600kPa | ¢ = v/, v = 0001017 m'/kg
T, =60°C

iy = lpgare = 251.16 kl/kg

We nowe assume the final state in the ank is saturated liguid-vapor mixiore and determine quality. This assumpiion will be
verified if we get a quality between 0and 1.
P, =10 kPa v, =0.001010, ¢, =14.670 m’ kg
(1, =1my) u, =191.79,  u, =2245.4 klikg

My =y 251.16—191.79

Xy = = 0.02644
) P 22454
Thius,
T = Ty 101rs = 45,81 °C
th = Uy + Xyt = 0001010 + [0.02644 x (14.670 — 0.001010)] = 0.38886 m ' /kg
amd,

V= mis =(2.5 kg0.38886 m'/kg) = 0,972 m*



4-44 Two tanks (Tank A and Tank B) are separated by a par-
tition. Initially Tank A contains 2 kg of steam at 1 MPa and
300°C while Tank B contains 3 kg of saturated liquid—vapor
mixture at 150°C with a vapor mass fraction of 50 percent.
The partition is now removed and the two sides are allowed to
mix until mechanical and thermal equilibrium are established.
If the pressure at the final state is 300 kPa, determine (a) the
temperature and quality of the steam (if mixture) at the final
state and (b) the amount of heat lost from the tanks.

Tank A Tank B
2 kg 3 kg
1 MPa 150°C
300°C =103
o

FIGURE P4-44



4<44 Two tanks imtially sepamted by a partibon coatim steam at different stages. Now the partitos is removed and they ure
allowed 1o mix untl equilibnum is establshed. The temperature asd quality of the sseam ot the final stare and the amount of
heat kost from the tanks arc 1o be determincd.

Assumpiions 1 The tank s statsonary and thus the kimetsc and potential energy
changes are zero. 2 There are no work inleractons

TANK A TANK B
Analysis () We take the contents of both tanks as the system. This 15 a closed 2kg Ik
Sysiem Sinee no mass enters or keaves, Noting that the volume of the sysiem s | MPa 150°C
constant and thas there s no boundary work, the encrgy balance for this x=l)S

¢
stationary closed system can be expressed as / \
Nigid

"\r =X '-’-n ~. AE".\‘“'"
—— P
Nt awnrgy s ke Ehempe o wbrved Loeny
By b vk ot s posntid ¢ owagin

-2, =AU, +AU, = [nﬂuT -, ]i'. + Im(u, ~u)|,  (since W=KE=PE=0)
The properties of steam in both tanks at the initial state are (Tables A2 through A-6)

B, =1000 kPa |y, =025799 m' kg
T, , = 300°C u,, = 21937 kikg
1,=150°C | g, =0001PI, v =039248 m'/kg

x, = 0.50 u, =63166, w =19274 kikg
Uy = U, + X0, = 0001091+ [0.50(0.39248 — 0001091 )| = 0,1967% m' kg

1

N, =, =603166+(0.50x19274) = 15954 kikg

The total volume and 1otal mass of the system are
Vel +¥, =my  +mp,, ={(2keX0.25799 m"Kkg)+ (3 kg(0.19679 m'/kg) = 1.106 m'
m=m,+m, =34+2=5kg

Now, the specific volume at the final state may be determined

¢ L1106 m' )
U, =—=———— = (22127 ' /kg

whach fixes the final state anxd we can determine other propertics
=T, ¢ v, = 133.5°C
P. =30 kP v -y 2127 -
. o b= ORTO0I0N g 4oy
v =022127 m gl © v -v, 060582 -0001073

wo=u, + x4, =561.11+(0.3641x1982.1) = 12828 klkg

{b) Substituting,

~Q,, =AU, +AU, = |miu, = )| +|mix, —u)],
= (2 keX1282.8 - 27937 )Mk + (3 keX1282.8— 1998 4 kMg
= 3059 kJ

o

0., = 3959K)



4-54 A mass of 10 g of nitrogen is contained in the spring-
loaded piston—cylinder device shown in Fig. P4-54. The
spring constant is 1 kN/m, and the piston diameter is 10 cm.
When the spring exerts no force against the piston, the nitrogen
is at 120 kPa and 27°C. The device is now heated until its vol-
ume 1s 10 percent greater than the original volume. Determine
the change in the specific internal energy and enthalpy of the
nitrogen. Answers: 46.8 kJ/kg, 65.5 kJ/kg

FIGURE P4-54



4-54 A spring-loaded piston-cylinder device is filled with nitrogen. Nitrogen is now heated until its volume increases by
10%. The changes in the internal energy and enthalpy of the nitrogen are to be determined.

Properties The gas constant of nitrogen is R = 0.2968 kPa-m/kg K. The specific heats of nitrogen at room temperature are
co=0.743 kl/kg'K and ¢, = 1.039 kl/kg-K (Table A-2a).

Analysis The initial volume of nitrogen is

RT ! ; Pa-m’ kg K)(2 )
e By o (ORI0 k@H0 200 khe 0 kg BNRE P IR I G074
P, 120 kPa
The process experienced by this system is a linear P-¢process. The equation for this line is
P-F=dcl-¥)
where P, is the system pressure when its specific volume is ¢. The spring equation may be written as
F —-F X=) - .
P’:: x -,|___k‘ X, :ﬂ‘(.r--x,):L,(V—V,)
A A A’ A°
- A
Constant ¢ is hence
gt o AK._ QONKIVM) _ ooty v 2
A =D 7 (0.1 m) /
The final pressure is then 1
P= P4l ~ V)= P+ c(1.1 ~ )= P, +0.1cl > v

=120 kPa + 0.1(16,211 kN/m* }0.00742 m")
=132.0 kPa
The final temperature is

b L. 2 A
I = PV, ~ (132.0KkPa)1.1x0.00742 m" ) — 363K

mR ~ (0.010 kg)0.2968 kPa-m'/kg-K)

Using the specific heats,
Au = ¢, AT =(0.743 k)/kg-K)(363 - 300)K = 46.8 k) / kg
Al = ¢ AT = (1.039 kJ/kg - K)(363 - 300)K = 65.5k] / kg



4-69 Argon is compressed in a polytropic process with
n = 1.2 from 120 kPa and 10°C to 800 kPa in a piston—cylinder
device. Determine the work produced and heat transferred dur-

ing this compression process, in kJ/kg.

Argon

120 kPa
1OEE
Pu™ = constant

FIGURE P4-69

4-69 Argon is compressed in a polytropic process. The work done and the heat transfer are to be determined.

Assumptions 1 Argon is an ideal gas since it is at a high temperature and low pressure relative to its critical point values of

151 K and 4.86 MPa. 2 The kinetic and potential energy changes are negligible, Ake = Ape = (.

Properties The properties of argon are R = 0.2081kJ/kg-K and ¢, = 0.3122 kl/kg-K (Table A-2a).

Analysis We take argon as the system. This is a closed system since no
mass crosses the boundaries of the system. The energy balance for this

system can be expressed as

E;, — Lum - Ab\)\(cm
——— |
Net emergy transfer Change in internal, kinctic,
by heat, work, and mass potcatial, e1c. encrgics

Qin — Wy ou = AU = mc (T, - T))
Using the boundary work relation for the polytropic process of an ideal gas gives

[ n—-1)in
RT; (P, v (0.2081 kl/kg - K)(283 K)
Whout = |_‘ I =1}=
—n| A,

1-1.2

800 (.2/1.2
[E]

Thus,
Wy, in = 109.5kJ/kg

The temperature at the final state is

800 kPa
120 kPa

TZ =T| [ﬁ
P,

(el Vi
] = (283 K)[

From the energy balance equation,

Gin = Wy o T €, (T — 1)) =—109.5 kl/kg +(0.3122 kl/kg - K)(388.2 —

Thus,

4., = 76.6 kJ/kg

Argon
120 kPa Q

10°C
Pv" = constant

—|l=—|09.5 ki/kg

283)K = —76.6 ki/kg



4-72 A mass of 15 kg of air in a piston—cylinder device is
heated from 25 to 95°C by passing current through a resistance
heater inside the cylinder. The pressure inside the cylinder is held
constant at 300 kPa during the process, and a heat loss of 60 kJ
occurs. Determine the electric energy supplied, in kWh. Answer:
0.310 kWh

Air
P = constan

FIGURE P4-72



4-72 A cylinder is initially filled with air at a specified state, Air is heated electrically at constant pressure, and some heat is
lost in the process. The amount of electrical energy supplied is to be determined.
Assumptions 1 The cylinder is stationary and thus the kinetic and potential energy changes are zero. 2 Air is an ideal gas
with variable specific heats. 3 The thermal energy stored in the cylinder itself and the resistance wires is negligible. 4 The
compression or expansion process is quasi-equilibrium.
Properties The initial and final enthalpies of air are (Table A-17)
By = Ry e x = 298.18 kl/kg
hy = hy, .« = 368.65 kKI/kg

Air

P = const.

Analysis We take the contents of the cylinder as the system. This is a closed
system since no mass enters or leaves. The energy balance for this closed
system can be expressed as

Ei o Em‘, - AE_\_\'sltm
Rt i g
Nel energy transfer Change in internal, kinetic,

hy heat, woek, and mass potential, cle. encrgics

“(. in —Quul - ‘Vb.nu! - AU—’“{ in = m(h? - hi)+ Qm

since AU + W, = AH during a constant pressure quasi-equilibrium process. Substituting,
W, .= (15 kgi368.65 - 298.18)kI/kg + (60K = 1117 KJ

or,

W =(117Kk]
( )3

o, n

[ LEWh }: 0.310 KkWh
Alternative solution The specific heat of air at the average temperature of 7, = (25+ 95)/2 = 60°C = 333 K is, from Table
A-2b, ¢, = 1.007 kJ/kg:°C. Substituting,

W, = me (T, =T+ Q,, = (15 kg)(1.007 kI/kg.°C)95 ~ 25)°C + 60 kJ = 1117 kJ

or,

IEWh ):omo KWh
3600 KJ

W, =117 kJ)[

Discussion Note that for small temperature differences, both approaches give the same result.



4-77 A spring-loaded piston—cylinder device contains 5 kg of
helium as the system, as shown in Fig. P4-77. This system is
heated from 100 kPa and 20°C to 800 kPa and 160°C. Determine
the heat transferred to and the work produced by this system.

FIGURE P4-77



4-77 Helium contained in a spring-loaded piston-cylinder device is heated. The work done and the heat transfer are to be
determined.

Assumptions 1 Helium is an ideal gas since it is at a high temperature relative to its critical temperatre of 5.3 K. 2 The
kinetic and potential energy changes are negligible, Ake = Ape =0,
Properties The properties of helium are & = 2,0769k]/kg K and ¢, = 3.1 156 klfkg K (Table A-2a).

Analysis We take helium as the system, This s a closed svstem since no mass crosses the boundarnies of the system. The
energy balance for this system can be expressed as

E.-E., = AE__ P
Mot emary drmmbcy Change o mermal, ke, (kPa) A
Ty B, work, sl mass ol ¥, creTgec H{]ﬂ 2

o, -W  =4&U=me(T,-T)
The initial and final specific volumes are

mRT, (5 kgH2.0769 kPa-m’ /kg- K)(293 K)

V= =30.427 m’
‘TP 100 kPa 100 |
RT, (5 kg)2.0769 kPa-m' fkg-K)(160+ 273 K >
y — MRT _ (5 keX m g WI0+25R) _ 5621 o v (m)
TP 800 kPa

Pressure changes linearly with volume and the work done is equal to the area under the process line 1-2:

P + P,
W, ., = Area= o

&,

(b~

(100 + B00)kPa
- 2

(5.621 3ﬂ.42?)m*li,‘]
I kPa-m
= 11,163kl

Thus

W, =11,163k]
Using the energy balance equation,
G =W, +mc T =T =—1L163 KT+ (5 kg 3. 1156 klkg- K)(160 - 200K = —8982 kI
Thus,
(¢ —8982K]





















