Energy Analysis of Closed Systems Study Questions

4-6 A piston—cylinder device with a set of stops initially
contains 0.3 kg of steam at 1.0 MPa and 400°C. The location
of the stops corresponds to 60 percent of the initial volume.
Now the steam is cooled. Determine the compression work if
the final state is (@) 1.0 MPa and 250°C and (k) 500 kPa.
() Also determine the temperature at the final state in part (b).

4-6 A piston-cylinder device with a set of stops contains steam at a specified state. Now, the steam is
cooled. The compression work for two cases and the final temperature are to be determined.
Analysis (a) The specific volumes for the initial and final states are (Table A-6)
B =1MPa| _ 5 P, =1MPa| e 3,
vy =0.30661m kg Sy, =023275m kg
I = 400°(J I,= 230°CJ

Noting that pressure is constant during the process. the boundary
work is determined from

Wy = mP(v; —v,) = (0.3 kg)(1000 kPa)(0.30661 - 0.232?5)1113.-"kg =2216kJ

(b) The volume of the cylinder at the final state is 60% of initial
volume. Then. the boundary work becomes

W, = mP(v; —0.60v,) = (0.3kg)(1000 kPa)(0.30661—0.60 x 0.30661)m>/kg = 36.79 kJ

The temperature at the final state is
P, = 0.5MPa

, lrg _151.8°C (Table A-5)
v, = (0.60x 0.30661) m*/kg |



4-8 A mass of 5 kg of saturated water vapor at 300 kPa is
heated at constant pressure until the temperature reaches
200°C. Calculate the work done by the steam during this
process. Answer: 165.9 kl

4-8 Saturated water vapor in a cylinder is heated at constant pressure until its temperature rises to a
specified value. The boundary work done during this process is to be determined.

Assumptions The process is quasi-equilibrium.

Properties Noting that the pressure remains constant during this process. the specific volumes at the initial
and the final states are (Table A-4 through A-6)

F, =300kPa
Sat. vapor
P, =300KkPa

v, =0.71643 m?/ke 1
T, = 200°C }2 : 300 =

Analysis The boundary work is determined from its definition to be |

P
}vl =V, @300 kpa = 0.60582 m” kg (kPa

2
Woow = [ PAV = PV, =) = mP(v, - )

1kJ J

= (5 kg)(300 kPa)(0.71643 - 0.60582) m*/kg| ——
1kPa-m

=165.9 kJ

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

4-9 A frictionless piston—cylinder device initially contain:
200 L of saturated liquid refrigerant-134a. The piston is frec
to move, and its mass is such that it maintains a pressure o
900 kPa on the refrigerant. The refrigerant is now heatec
until its temperature rises to 70°C. Calculate the work done
during this process. Answer: 5571 kJ

R-134a

P = const.




4-9 Refrigerant-134a in a cylinder is heated at constant pressure until its temperature rises to a specified
value. The boundary work done during this process is to be determined.

Assumptions The process is quasi-equilibrinm.

Properties Noting that the pressure remains constant during this process. the specific volumes at the initial
and the final states are (Table A-11 through A-13)

P, =900 kPa ;
o Vi =V gooopa = 0-0008580 m”/kg P
Sat. liquid (kPa)
P, =900 kPa | _ 5
. v, =0.027413m" kg
T,=70°C | 900 -
Analysis The boundary work is determined from its definition to be
7 0.2m’
m:—lz—3=233.1kg -
vy 0.0008580 m”/kg
and
2
Woow = | PAV = PU4 =) = mP(v, ~vy)
. L 2
~ s (0 1kT )
= (233.1kg)(900 kPa)(0.027413 — 0.0008580)m’ /kg| ————
| 1kPa-m” |

=5571kJ

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

4-14 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 = aVV + b, where a = —1200 kPa/m® and b =
600 kPa. Calculate the work done during this process (a) by plot-
ting the process on a P-V diagram and finding the area under the
process curve and (b) by performing the necessary integrations.




4-14 A gas in a cylinder is compressed to a specified volume mn a process during which the pressure
changes linearly with volume. The boundary work done during this process is to be determined by plotting
the process on a P-V/ diagram and also by integration.

Assumpitions The process 15 quasi-equilibrium.

Analysis (a) The pressure of the gas changes linearly with volume, and thus the process curve on a P-{/
diagram will be a straight line. The boundary work during this process 1s simply the area under the process
curve, which 1s a trapezoidal. Thus,

P, =al}; +b=(-1200 kPa/m® )(0 42 m*) + (600 kPa) = 96 kPa P
kPa
Py =aVy +b =(-1200 kPa/m>)(0.12 m*) + (600 kPa) = 456 kPa (kPa) )
ond p, T P=aV+b
+ P
Wb,m=mﬂ=a S L -1) Py + !
=—(96+4;6M?' (0_12—0.42)m3[—1kJ 3] v
a-1m
0.12 0.42 3
- -828KJ (m’)

{(F) The boundary work can also be determined by integration to be
2 2 I 2 _ ) 2
Wb,mn- = L PV = L (al/+b)dlV =a%+b(;}2 -¥)

(0.122 —0.427)m*®

=(~1200 kPa/m?)
2

=—-818KkJ

+ (600 kPa)(0.12 - 0.42)m’

Discussion The negative sign indicates that work 1s done on the system (work mput).



4-23 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 is transferred to the water until the pis-
ton rises 20 cm more. Determine (a) the final pressure and
temperature and (b) 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

4-23 Water 1n a cyhnder equipped with a spring 1= heated and evaporated. The vapor expands unfl 1t
compresses the spnng 20 cm. The final pressure and temperature, and the boundary work done are to be
determined and the process 1s to be shown on a P- 1 diagram.

Assumprions The process 15 quasi-equibibroom.
Analysis (a) The final pressure 15 determined from

F kx 100 EN/m}0.2 1kP
P3=P:+?’=P1+T=cziﬂkpa;.+( m) ""}| :

0.1m? 1kM/m?
The spectfic and total volumes at the three states are
L=15C 3 P
B =250 kP J ¥ = Vg ame = 0001003 m kg
Y = mey = (50 kg)(0.001003 m¥kg) = 0.05 m*
¥, =02m?
V=W +xd, = (02m)+ (02 m)(0.1m*) =022 m’
=
. -%= % = 0.0044 m kg

At 450 kPa, w= 0001088 m’kg and w = 041392 m’kg Noting that = e =, the final state 15 a
saturated mixture and thus the final temperature 15

I3 =T aam . = 147.9°C
(5) The pressure remains constant durmg process 1-2 and changes hnearly (3 strazght lme) dunng process
2.3, Then the boundary work during this process 15 simply the total area under the process curve,
Wy =Area=B (1, 1)+ 21— 1 i v — 1)

0+450) kP,
— _c._g],m-‘.fump ﬂ"‘}m n

1kPa-m’
=445 kI

Discussion The positive sign indicates that work 15 done by the system (work output).



4-28 A 0.5-m® rigid tank contains refrigerant-134a initially
at 160 kPa and 40 percent quality. Heat is now transferred to
the refrigerant until the pressure reaches 700 kPa. Determine
(@) the mass of the refrigerant in the tank and (&) the amount
of heat transferred. Also, show the process on a P-v diagram
with respect to saturation lines.

4-28 A ngzid tank 15 1utally filled with superheated R-134a. Heat 15 transferred to the tank untl the
pressure mnside rises to a specified value. The mass of the refrigerant and the amount of heat transfer are to
be determined, and the process 15 to be shown on a P-vdiagram.

Assumprions 1 The tank 15 stationary and thus the kinetic and potential energy changes are zero. 1 There
are no work interactions.

Analysis (a) We take the tank as the system This 15 2 closed system since no mass enters or leaves. MNoting
that the volume of the system 1= constant and thus there 1= no boundary work, the energy balance for thas
stationary closed swvstem can be expressed as

E.-E. = AE
Vel smmgy TEeS  Chauge i fmamal bistc R-134a
by haat, and mazs portuntial, atc. anargies 160 kPa

Op =AU =miu; —u;) (simce W =EE=PE=10)

Using data from the refiigerant tables (Tablaz A-11 through A-
13}, the properties of K-134a are determined to be

B =160 kFa vy =0.0007437, o, =0.12348 m? ks
xn =04 uy=31.09, u g =190.27k1ke

v = vy txe e = 00007437+ 0.4(0.12348 - 0.0007437) = 0.04984 m® kg
uy =g +xu g =31.08+04090.27)=107.19 kIkg

=700 kPa ) =
? : * | 4, =376.99 kIikg (Superheated vapor) 2
L": = Ul

4

Then the mazs of the refrigerant 15 determuned to be III
v, 0.5 m?
A _10.03kg /{
vy 004984 m~ kg ‘/I
(5) Then the heat transfer to the tank becomes
Oy =miluy —uy)
=(10.03kgX376.99 -107.19)kT%ke
=2T07 kJ




4-30 A well-insulated rigid tank contains 5 kg of a
saturated liquid—vapor mixture of water at 100 kPa. Initially,
three-quarters of the mass is in the liquid phase. An electric
resistor placed in the tank is connected to a 110-V source,
and a current of 8 A flows through the resistor when the
switch is turned on. Determine how long it will take to vapor-
ize all the liguid in the tank. Also, show the process ona T-v
diagram with respect to saturation lines.

H,0

\/ = constamt

4-30 Ap insulated rigid tank i mitially filled with 2 saturated hiquid-vapor mixture of water. An electnie
heater in the tank 1= turned on, and the entive lgud m the tank 15 vaporized. The length of time the heater
was kept on 15 to be determined, and the process 15 to be shown on a P-v diagram.

Assumprons 1 The tank 15 statonary and thus the kinetic and potental energy changes are zero. 1 The
device 15 well-msulated and thus heat transfer 1= neglhigible. 3 The energy stored in the resistance wires, and
the heat transferred to the tank mzelf 15 neghzible.

Analysis We take the contents of the tank as the system. This 15 a closed system since no mass enfers or
leaves. Noting that the volume of the system 15 constant and thus there 15 no boundary work, the energy
balance for this stationary closed system can be expressed as
E,-E, = AE e
Hat ; tramfar Changg in intermal keinatic,
by hsat, and mazs potantial atc. amargics
Fom=AU =m(ny —m) (zmeed=KE=PE=0)
WIAr =m{uy — 1)
The properties of water are (Tables A-4 through A-8)
R=100kPa| v, =0.001043, v, =16941m’°ke
x =025 J up = 417.40, ug = 2088.2 kTkg

v = v+ aw e =0.001043 +[0.25% (1.6941-0.001043 ] = 0.42431 m’ kg f 2
= ug+xu g =417.40+ (025 2088.2) = 939.4 kIkg /"

vy = oy = 0.42431 mﬁ.-ng _ = v

v 2 U s = 25962 KT ke
Substituting,

r's

.
(110 V) A)Ar = (5 ke)(2556.2 - 939 4)kT ke S 2 I

1kTis

hS

Ar=91865 = 153.1 min



4-32 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
entire tank. Determine the final temperature of the water and
the volume of the tank for a final pressure of 10 kPa.

Evacuated

Partition

H,0

4-32 One part of an msulated tank contains compressed hquid while the other side 15 evacuated. The
partition 15 then removed, and water 1= allowed to expand into the entire tank. The final temperature and the

wolume of the tank are to be determined.

Assumprions 1 The tank 15 stationary and thus the kinetic and potential energy changes are zero. I The

tank 15 insulated and thus heat transfer 15 neglipble. 3 There are no work interachons.

Analysis We take the enfire contents of the tank as the system. This 15 a closed system since no mass
enters or leaves. Moting that the volome of the systern 15 constant and thus there 15 no boundary work, the

energy balance for thus stationary closed system can be expressed as

E.-E, = AE e
e e —_—
0=AU =mluz —w) (simce W=0=EE=PE=10)
by = Hy

The properties of water are (Tablaz A-4 through A-6)
B =600 kPa] V] =V gsne = 0.001017 mj.-'kg

T, = 60°C uy Zuggeec =25116 kTke

We now assume the final state 1n the tank 1= saturated hgmd-vapor puxture and deternune quality. Ths

assumption will be venfied if we get a quality between [ and 1.
B =10 kPa-'r vp= 0.001010, vy = 14670 ms."kg
y=w) | wy=19179, g =22454klkg

up—uy 2511619179

ST asa e
Thus,
Tr==Twa ks =45.81°C
vy =v; +x305 =0.001010+[0.02644x(14.670-0.001010}] = 0.38886 m’ fkz
and,

V= mon=(2.5 kg)(0.38886 mkz) = 0.972 m®



4-36  An insulated piston—cylinder device contains 5 L of
saturated liguid water at a constant pressure of 175 kPa.
Waiter is stirred by a paddle wheel while a current of 8 A
flows for 45 min through a resistor placed in the water.
If one-half of the liquid is evaporated during this constant-
pressure process and the paddle-wheel work amounts to
400 kI, determine the voltage of the source. Also, show the
process on a P-v diagram with respect to saturation lines.
Answer: 224 V

4-36 A evlinder 15 mhally filled wath saturated hqumd water at a specified pressure. The water 1= heated
electrically as 1t 1= stired by a paddle-wheel at constant pressure. The voltage of the cumrent sowrce 1= o be
determined, and the process 15 to be shown on a P-v diagram.

Assumprions 1 The eylinder 15 stationary and thus the kinetic and potential energy changes are zero. 2 The
cyhnder 15 well-insulated and thus beat transfer 15 neghgible. 3 The thermal energy stored in the cylinder
itzelf 15 neghgible. 4 The compression or expansion process 15 quasi-equilibrium.

Analysis We take the contents of the cylinder as the system. This 15 a closed system since no mass enters
or leaves. The enargy balance for this stationary closed system can be expressed as

Ey—Epm = AE .
et s fe Ghumﬂf'_.mﬂkhuﬁ:.
h:(]mrt,ﬂ, and maii pn‘hmllr.';].mr.mginl

oin +Wogin — Wy e =AU (since @=KE=PE=0)
Woin + Wi =mihy i)
(VIAD) + Wi =mihy —hy )

since AT+ W, = AH duwring a constant pressure quasi-equibbrinm
process. The properties of water are (Tables A-4 through A-6)

R =175 ]‘PE: Iy =hpgrrsem = 48701 klkg
sathiquid | v = vygirsae, = 0.001057 mike

=175kP
B * Uiy = hy +xyhg = 487.01+(0.5%2213.1)= 1593 6 kI ke
xy =03

3
L REIp P
v 0.001057 m'ke
Substitufing,

VIAr + (400kT) = (4.731 kg)(1593.6 - 487.0L)kT ke 1 .2

VIAr=4835 kJ

_ 4835K (1000 VAJ=223_9 v
(8 A)45%60:)| L1kIs

W

4-37 A piston—cylinder device contains steam initially at 1
MPa. 450°C, and 2.5 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
i) the amount of heat transfer.



4-37 A cylnder 15 mmtally filled with steam at a specified state. The steam 15 cooled at constant pressure.
The mass of the steam_ the final temperature, and the amount of heat transfer are to be determuned, and the
process 1= to be shown on a T-v diagram.

Assumprions 1 The cylinder 15 stationary and thus the kinetic and potential energy changes are zero. 1
There are no work interactions imvolred other than the boundary work. 3 The thermal energy stored 1n the
cvhnder itself 1= neghgible. 4 The compression or expansion process 15 quasi-equilibrium.

Analysis We take the contents of the cylinder as the system. This 15 a closed system smee no mass enters

or leaves. The energy balance for this stationary closed system can be expressed as
E ,-E. = AE

m
[ ——)

-
I:l}ll;‘:tl_ and pzass pcm“n“.wghr.
O Wy =AU =miu- —1y) (Gmee EE=FE =0}

~ Qo = mihy —hy)

g

1 MPa
since ALY+ Wy = AH during a constant pressure quasi- 450°C
equilibrium process. The propertes of water are (Tables A-4
through A-6)

A=1MPa] y = 033045 m kg T
T, =430°C] I =33713kke . 1

(5) The final temperature 15 determined from a"l
Py =1MPa) Ty =Ty =179.9°C
sat vapor | by =hygiym, =2777.1kI kg

W
=

(£} Substituting, the energy balance zives
Ooe =- (75365 kg)(2777.1 - 3371.3) kT'kg = 4495 kJ

4-38 A piston—cylinder device initially contains

steam at 200 kPa, 200°C, and 0.5 m’. At this
state, a linear spring (F = x) is touching the piston but exerts
no force on it. Heat is now slowly transferred to the steam,
causing the pressure and the volume to rise to 500 kPa and
0.6 m°, respectively. Show the process on a P-v diagram with
respect to saturation lines and determine (a) the final temper-
ature, (b) the work done by the steam, and (c) the total heat

transferred. Answers: (8) 1132°C, (b) 35 kJ, (c) 808 kJ



4-38 [Alzo solved by EES om enclosed CDY] A cvlinder equipped with an external spring 15 initally filled
with steam at a specified state. Heat 15 transferred to the steam and both the temperature and pressure rize.
The final temperature, the boundary work done by the steam, and the amount of heat transfer are to be
determined, and the process 13 to be shown on a P-vdiagram.

Assumprions 1 The cylinder 15 stationary and thus the kinetic and potential energy changes are zero. 2 The
thermal energy stored m the evlinder itself 15 neglipble. 3 The compression or expansion process 15 quasi-
equibbrium. 4 The spring 1= a linear spring.

Analysis We take the contents of the cvlinder as the system. This 15 a closed system smce no mass enters
or leaves. MNoting that the spring 15 not part of the system (1t 15 external), the enmerzy balance for thas
stationary closed system can be expressed as

'Eiu._EL'nt = ﬂEI]SbIIn
Hﬁiﬁr chmwl'_u_’mm
h'hm‘m':ﬂndmn Pﬁi‘;l#m - Q
Qn W . =AU =miu, —u;) (zsmee KE=FPE=10) HO r.d
200 kPa
O =mluy —u )+, 200°C

The properties of steam are (Tables A-4 through A-5)

R =200kPa |y, =1.08049 m’ kg
T,=200°C | u, =26546kiks

5
=l 04628 kg ;
v 108049 m?kg I
A 3 |
v, =£=M—m=1_3955m3mg Y,
m 04628 ke

P, =500 kPa | T=1132°C
vy =1.2966 m’ .rkgju] =4325.2 klkg

(b) The pressure of the gas changes lmearly with volume, and thus the process curve on 2 P-V diagram wall
be a straight ine. The boundary work duwmg this process 1s simply the area under the process curve, which
15 a trapezoidal Thus,

i

+
(06 —o_ijm’|

e BT =
Wy = drea=—1—2(1, -1, )=

L[= 35 kJ
1kPa-m’

p &

{200+ 500)kPa
2

() From the energy balance we have
0, =(04628 kg)(43252 - 2654 6)kT kg + 35 kT =808 kJ

4-40 A piston—ylinder device initially contains 0.8 m® of
saturated 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 (a) the final temperature, (b)) the work
done during this process, and (c) the total heat transfer.
Answers: (3) 662°C, (b) 240 k), {c) 1213 KkJ



4-40 A cyvlinder equipped with a set of stops for the piston to rest on 15 imhally filled with saturated water
wvapor at a specified pressure. Heat 15 transferred to water until the volume doubles. The final temperature,
the boundary work done by the steam. and the amount of heat transfer are to be determined and the
process 1= to be shown on a P-vdiagram.

Assumprions 1 The eyhinder 15 stabonary and thus the kinetic and potenfial energy chanpes are zero. 1
There are no work interactions involved other than the bouwndary work. 3 The thermal energy stored 1n the
cyhnder itself 15 negligible. 4 The compression or expansion process 1s quasl-equibibrium.

Analysis We take the contents of the cvlinder as the system. This 15 a closed system smmce no mass enters
or leaves. The energy balance for this stationary closed system can be expressed as

'Eiu. - Eeut = E:m
Hat tramsfar &mmhﬂ:r 300 kFa
L Mn:ﬁ and mass potantial, etc. enargies '
T
Op Wy . =AU =miu; —uy} (zince EE=FE=10) H,O
.= - 150 kPa
O =mluz —u1 )+ W5 om Sar Vapor
The propertes of steam are {Tables A-4 throngh A-6)

F =230 kPa } ¥ = Vygasouss = 071873 m ke

satvapor U = Mpmasgum, = 2336.8 klke P

=ﬁ=Lm]_1 113 kg
vy O0TIETIim kg
3
3—i—1'6—m—143?5m3'kg
m 1113ks

B =300kPa | T,=662°C
vy =14375 m kg Juz =3411.4 kTkg

(b) The work done dunng process 1-2 15 zero (smee /= const) and the work done dunng the constant
pressure process 2-3 15

. .

1T

———|=240 W

\1kPa-m" |

A EP&U = P(W4 —b4) = (300 kPz)(1.6— 0.8)m’

(&) Heat transfer 1= determined from the energv balance,

Oy =mluy —uy )+, o
= (1.113kz)(3411.4-2536.8) kg + 240 kT =1213 KJ

4—41 Two tanks (Tank A and Tank B) are separated by a
partition. Initially Tank A contains 2-kg steam at 1 MPa and
30°C while Tank B contains 3-kg saturated liquid—vapor
mixture with a vapor mass fraction of 50 percent. Now the
partition is removed and the two sides are allowed to mix
until the 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
2kg Ik
1 MPa 150°C
o0eC x=0.5
-« =



4-41 Two tanks initially separated by a partiion comtain steam at different states. Mow the parfition is
removed and they are allowed to mix untl equilibrium is established. The temperature and quality of the
steam at the final state and the amount of heat lost from the tanks are to be determimed.

Assumprions 1 The tank is stationary and thms the kinetic and
potential energy changes are zero. ! There are no work

interactions. TANK A TAMNK B
Analysis (a) Wa take the contents of both tanks as the system 7 kg 3 kg
This is a closed system since no mass enters or leaves. MNoting 1 MPa 150%C
that the vohmne of the system is constant and thus there is no 30oeC w=0.3

boundary work, the energy balance for this stationary closed f/ \
system can be expressed as
- < ¥

el - -ﬁ-E-q.n:m
- o
Piet encrgy branilicr Clemge in interml, kinstic,
by B, woork, and mass prilcntial, e cacrgics

— Oy =AU + ALy =[muy —uy)], +[m(u; —u))]; (since W =KE=PE=10)

The properties of steam in both tanks at the imitial state are (Tables A4 through A-§)
B, =1000kPa ]ul 4= 025700 m7 ke
T, =300°C  |uy, = 27937 klkg
Tx -150“4:“_I v, =0001001, v, -0.39248 m* kg
1 =050 | u,=63166, u,=19274klkg
Vg =y + 50y = 0.001091+ [0 50(0.38248 - 0.001001]] - 0.19670 m* kg
g =+ XU = 631.66+(0.50%1027.4) = 1505 4 kTkg
The total volume and total mass of the system are
Vbl sV mm vy +mpe, g = (2k)0 25700 m® kg) + (3ke)(0.19670 m* kg) = 1.106 m*
MMy +Mg=3+2=5kg

How, the specific volume at the final state may be determined
¥y —— = _022127Tm kg

which fixes the fina] state and we can determine other properties
Ty om T wwnnie, = 133.5°C

F, =300 kPa 1y — Wy 27127 - T
] =¥ 022127 -0.0010 3-{:!.3641

- Xy -
vy =022127 mke| © wp—w,  0.60582—0.001073 _
My =i, + X0 = 56111+ (03641x1082 1)~ 1282 8 kTlkg
() Substinting,
~ Qe =AU g + AUy = [miuy —uy)], + [miu; —u)]g
= (2EZ)(1282.8 — 2793. T)kI kg + (3kz)(1282.8 — 1595 9T kg = —3959 KT
ar 0., =-3959 k)



442 A 30-L electrical radiator containing heating oil is
placed in a 50-m® room. Both the room and the oil in
the radiator are initially at 10°C. The radiator with a rating
of 1.8 kW is now turned on. At the same time, heat is lost
from the room at an average rate of (.35 kl/s. After some
time, the average temperature is 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 klkg - °C, respectively, determine how long the
heater is kepl on. Assume the room is well-sealed so that
there are no air leaks.

4-42 A toom 15 heated by an electrical radiator containing heating o1l. Heat 1s lost from the room. The time
period during which the heater 15 on 1s to be determined.

Assumprions 1 Air 15 an 1deal gas since 1t 15 at a high temperature and low pressure relative to its critical
pomnt values of -141°C and 3.77 MPa. 2 The kmnetic and potential energy changes are neghgible.
Ake = Ape = 0. 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 i1s 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 p =950 kg/m’ and ¢, = 2.2 kI’kg.*C.

Analysis We take the air m the room and the o1l in the radiator to
be the system. This is a closed system since no mass crosses the

system boundary. The energy balance for this stationary constant- 10°C Room
volume closed system can be expressed as | " Q
E,-E, = AE,tom Radiator

N far kineti,
by heat, work, and mass %m -

(Wi — O JAF = AUy + AU
=[mec, (I — [l +[mc, (I — [l (since KE =PE =0)

The mass of air and o1l are

PV, (100 kPa)(50 m*)

RT,  (0.287kPa-m’/kg . K)(10+273 K)
My = Py = (950 kg/m)(0.030m>) = 28.50 kg

=6232ke

Substituting,
(1.8—0.35kI/s)At = (62.32 ke)(0.718 kI/kg - °C)(20 —10)°C + (28.50 ke)(2.2 kl/kg -°C)(50—10)°C

— At =2038 5 =34.0min

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 AL in heating and air-conditioning apphcations.



4-56 A 3-m’ rigid tank contains hydrogen at 250 kPa and
550 K. The gas is now cooled until its temperature drops to
350 K. Determine (@) the final pressure in the tank and
(b) the amount of heat transfer.

4-56 The hydrogen gas in a rigid tank 15 cooled until its temperature drops to 300 K. The final pressure in
the tank and the amount of heat transfer are to be determined.

Assumptions 1 Hydrogen 1s an ideal gas since it is at a high temperature and low pressure relative to its
critical point values of -240°C and 1.30 MPa. 2 The tank 1s stationary, and thus the kinetic and potential
energy changes are negligible, Ake = Ape=0.

Properties The gas constant of hydrogen is R = 4.124 kPam’/kg K (Table A-1). The constant volume
specific heat of hydrogen at the average temperature of 450 K 15 | ¢z = 10.377 kI’kg K (Table A-2).

Amnalysis (a) The final pressure of hydrogen can be determined from the 1deal gas relation,

v P~V T 350K
H = 2 pP'&=—2P1=

(250 kPa) =159.1kPa
L, T, ‘n 550K

(B) We take the hydrogen in the tank as the system. This 1s a closed system since no mass enters or leaves.
The energy balance for this stationary closed system can be expressed as

Epn —Eu = AE yoter
—_— —
ot o Sy hines
bfh:a‘t:wm:k,mdmm petm‘til:.l.etc.mergia ’ -
r 3
" Qo =AU 250 kPa
Qo =AU =-m(uy —1uy) =mC, (T -T) S50K
EY
where
Q

3
_Av_ (250 kpa;}(?,_om ) _03307ke
RT, (4124 kPa-m’/kg K)(550K)

Substituting mto the energy balance,
Qo = (0.33307 kg)(10.377 kI /kg-K)(550 - 350)K = 686.2 kJ

4-57 A 4-m X 5-m X 6-m room is to be heated by a base-
board resistance heater. It is desired that the resistance heater
be able to raise the air temperature in the room from 7 to 23°C
within 15 min. Assuming no heat losses from the room and an
atmospheric pressure of 100 kPa, determine the required power
of the resistance heater. Assume constant specific heats at
room temperature. Answer: 1.91 kW



4-57 A resistance heater 1s to raise the air temperature m the room from 7 to 23°C withm 15 mun. The
required power rating of the resistance heater 15 to be determined.

Assumprions 1 Aw 15 an 1deal gas smee 1t 15 at a lugh temperature and low pressure relative to its cribical
point values of -141°C apnd 3.77 MPa. I The kinetic and potential energy changes are meghgible,
Ake = Ape =0 . 3 Constant specific heats at room temperature can be used for arr. This assumption results
1n negligible error in heating and air-condiiomimg applhcations. 4 Heat losses from the room are neghgible.
& The room 15 ar-tight so that no air leaks in and cut dunng the process.

Properries The gas constant of air is B = 0.287 kPam®kz K (Table 4-1). Also, ¢, = 0.718 kIkg K for air
at room temperature (Table A-2).

Analysis We take the air in the room to be the systemn. This 15 a closed swystem since no mass crosses the
system boundary. The energy balance for this stationary constant-volume closed system can be expressed
as

E.

in ~ Eom = ﬂmﬁn
 Srp——— Tl kinsd
by bt ok i el o s

W, =AU =me, . (T; —T;) (smce 0=KE=PE=0)

or, /f R
5 4xciubm”
i::I?-t.iui"‘II =My g (L -L) ¥
e —
The mass of aw 15 . % AR
We
V=4x5x6=120m’ S
3
m=£= (100 kPa)120 m™) —1493 ke

RI, (0D287kPa -ma.’kg-K)(EEU K) -
Substtuting, the power ratng of the heater becomes

_ (1493 k2)(0.718 KIke” C)23-T)°C

; =191 KW
o 15x=60=

Discussion In practice, the pressure in the room will remzin constant dunng this process rather than the
volume, and some air will leak out as the air expands. As a result, the awr in the room will underge a

constant pressure expansion process. Lherefore, it 15 more proper to be conservatrve and to use AH mstead
of wsing AL in heating and awr-condifionmg applications.

4-58 A 4-m X 5-m X 7-m room is heated by the radiator
of a steam-heating system. The steam radiator transfers heat

3000 kJ/h

ROOM

dm=5mx7Tm

10,000 kIl/h




at a rate of 10,000 kJ/h. and a 100-W fan is used to distribute
the warm air in the room. The rate of heat loss from the room
is estimated to be about 5000 klJ/h. If the initial temperature
of the room air is 10°C, determine how long it will take for
the air temperature to rise to 20°C. Assume constant specific
heats at room temperature.

4-28 A room 15 heated by a radiator, and the warm air 15 distributed by a fan. Heat 15 lost from the room.
The time 1t takes for the air temperature fo rise to 20°C 13 to be determuned.

Assumprions 1 Aw 15 an 1deal gas zince 1t 15 at a lugh temperature and low pressure relative to its crifical
point values of -141°C apd 3.77 MPa. 1 The kmmetic and potential energy changes are neglizible,
Ake = Ape =0 . 3 Constant specific heats at room temperature can be nsed for air. This assumpton results
in neglizible error in heating and aw-conditionmg apphecations. 4 The local atmosphene pressure 15 100
kPa. & The room 1= air-hght so that no air leaks m and out duwring the process.

Propervies The gas constant of air is B = 0.287 kPam® kg K (Table 4-1). Alse, ¢, = 0.718 kTkg.E for air
at room temperature (Table A-2)

Analysis We take the air in the room to be the system This 15 a closed system sinece no mass crosses the
system boundary. The energy balance for this stationary constant-volume closed system can be expressed
as

E -E. = AE,
1 ey—— Fo— 5,000 kI'h
by baat, wock, s periiel v s A
O + Wi — Oy = AU 2 me, (T, — ) (since KE = PE =) room *

or,

(O + Wapgin — Qo) it = me, o, (T, — 1)) 4m % 5m * Tm

5

The mass of amr 13 E}m &

V=4x5x7 =140 m® W _‘ 10,000 kTh

3 P
m=1Y _ (100 kP‘?ﬂ‘mmj =1724 ke «— g
R, (0287 kPa-m’/kg E)(283K)

Using the o value at room temperature,

[{lﬂ,CIEHJ —E,i]ﬂl:l:l-'l-ﬁl:lﬂ- kll=+0.1 kJ."s]f_‘.t =(172.4 kz)}(0.718 kTkg.* C)20-100°"C
It yields

At=831=

Diiscussion In practice, the pressure in the room will remain constant dunng this process rather than the
volume, and some ar will leak out as the awr expands. As a2 result, the air in the room will undergo a
constant pressure expansion process. Lherefore, it 1= more proper to be conservative and to usmg AH
mstead of use AL in heating and air-conditioming appheations.



4-59 A student living in a 4-m X 6-m > 6-m dormitory
room turns on her 150-W fan before she leaves the room on a
summer day, hoping that the room will be cooler when she
comes back in the evening. Assuming all the doors and win-
dows are tightly closed and disregarding any heat transfer
through the walls and the windows, determine the tempera-
ture in the room when she comes back 10 h later. Use spe-
cific heat values at room temperature, and assume the room
to be at 100 kPa and 15°C in the morning when she leaves.
Answer: 58.2°C

ROOM

dm=x6mx6m




4-29 A smadent lving 1n a room twrns ber 150-W fan on m the morming. The temperature m the room when
she comes back 10 b later 15 to be determined.

Assumprions 1 Aw 15 an 1deal gas since 1t 15 at a lugh temperature and low pressure relative to 1ts crtical
point values of -141°C apnd 3.77 MPa. 1 The kmetic and potential energy changes are neghgible,
Ake = Ape= 0. 3 Constant specific heats at room temperature can be used for awr. This assumption results
in negligible arror in heating and air-conditioning applications. 4 All the doors and windows are tightly
closed, and heat tran=fer through the walls and the windows 1= disregarded.

Properties The gas constant of air is B = 0.287 kPam’ kg E (Table A-1). Also, £, = 0.718 kI'kg E for air
at room temperature (Table A-2).

Analysis We take the room as the system. This 15 a elosed sysiem since the doors and the windows are said
to be tightly closed, and thus no mass crosses the system boundary during the process. The energy balance
for this system can be expressed as

Ew—Eou = -':'-Et:.'ﬂnn
Moty T Change i Breel kst
by hsart, and maw potuntial, oic_ anergies '
W, =AU
W, =miuy —u iz me, (T; =1,

The mass of aw 15
V=dugxf=144 m’
BV (100 kPa}144 m™)
RL, (0.287 kPa-m¥/ke -E)283K)
The electrical work done by the fan s
W, = WAr = (0.15 kT / 5)(10 % 3600 5) = 5400 kI

=1742 ke

Substituting and using the o, value at room temperature,
S400 kT = (174.2 kg)(0. 718 kNkeg-"C)(T. - 15)°C
,=58.2°C

Discussion MNote that a fan actually causes the internal temperature of a confined space to nse. In fact, a
100-W fan supplies a room with as much energy as a 100-W resistance heater.

4-61 An insulated rigid tank is divided into two equal parts
by a partition. Initially, one part contains 4 kg of an ideal gas
at 800 kPa and 50°C, and the other part is evacuated. The par-
tition is now removed, and the gas expands into the entire
tank. Determine the final temperature and pressure in the tank.

IDEAL
GAS

800 kPa
50°C

Evacuated




4-61 One part of an insulated rigid fank contains an ideal gas while the other side is evacuated. The final
temperature and pressure in the tank are to be determined when the partition is removed.

Assumptions 1 The kinetic and potential energy changes are negligible. Ake= Ape=0. 2 The tank is
insulated and thus heat franstfer is negligible.

Analysis We take the entire tank 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

Em - Eaut = A‘Esysrem
]
Net energy transfer Change in internal, kinetic,

by heat, work, and mass potential, etc. energies
0=AU =m{u; — 1)
Uy = U Evacuated

Therefore,

Tg = Tl =50°C

Since u = u(T) for an ideal gas. Then,

B _BY | p - Y% p - L(s00 kpa) = 400 kPa
T, T v, 12

4-62 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 kl

4-62 A cylinder equipped with a set of stops for the piston to rest on is initially filled with helium gas at a
specified state. The amount of heat that must be transferred to raise the piston is to be determined.
Assumptions 1 Helium is an ideal gas with constant specific heats. 2 The kinetic and potential energy
changes are negligible. Ake = Ape =0. 3 There are no work interactions involved. 4 The thermal energy
stored in the cylinder itself is negligible.

Properties The specific heat of helium at room temperature is ¢, = 3.1156 kl/kg K (Table A-2).

Analysis We take the helium gas in the cylinder as the system. This is a closed system since no mass
crosses the boundary of the system. The energy balance for this constant volume closed system can be
expressed as

Ei’n - Eaur = ‘Q‘Esystem
" . "
Net energy transfer Change in internal, kinetic,

by heat. work. and mass potential, etc_energies

O, =AU =m(u; —uy) 500 kPa

O, =m(uy —uy)=me, (I, -T;) ! !

The final temperature of helium can be determined from the ideal gas relation to be IO{TSIEP
a
RV PRV P. 500 kPa o
- T, =27, =" _(298K)=1490K 53¢ L0
L T, ] 100 kPa &£

Substituting into the energy balance relation gives
Om = (0.5 kg)(3.1156 kI/kg-K)(1490 - 298)K = 1857 kJ




d—h5 A mass of |5 kg of air in a piston—cylinder device is
heated from 25 to 77°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: 0.235 KWh

AlIR

P = constant

4-65 A cylinder 1s 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 1s stationary and thus the kinetic and potential energy changes are zero. 2 Air
15 an ideal gas with vanable specific heats. 3 The thermal energy stored in the cylinder itself and the
resistance wires 1s negligible. 4 The compression or expansion process is quasi-equilibrium.
Properties The mitial and final enthalpies of air are (Table A-17)

Iy = hgossx =298.18 kI /kg

-LFE = :ET@ ISNE = 35049 ]{.Tn'rkg

Analysis We take the contents of the cylinder as the system. This 1s a
closed system since no mass enters or leaves. The energy balance for
this closed system can be expressed as
'Efw - 'Eam‘ = ﬂ“Esvsiamu
HNet energy transfor Change in infernzl. kinetic,
by heat, work, and mass potential, ete. energies

Wein = Qo Wy o =AU ——T;, = m(hy =) + Oy

since ALV + Ty, = AH during a constant pressure quasi-equilibrium process. Substituting,
Weim= (15 kg)(350 49 - 298 18)kI/kg + (60 kJ) = 845 kJ

[ 1kWh o
or. W, = (345@)' —— | =0.235kWh
- 3600 kJ

Alternative solution The specific heat of air at the average temperature of T = (25+ 77)/2 = 51°C = 324
K 1z, from Table A-2b, 50 = 1.0065 kI/kg.*C. Substituting,
Wein =mcy, (T — )+ Qg = (15kg)(1.0065 KI/kg °C)(77 - 25)°C + 60 kT = 845 kJ

(1kWh
3600 kJ

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

of, W, = (845 kT)

] =0.235 KWh

S



4—66  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
resistance heater inside the cylinder for a period of 10 min.
The pressure is held constant during the process, while the
volume is doubled. Determine the current that passes through
the resistance heater.

4-66 An msulated cylinder mitially contains CO; at a specified state. The CO; 15 heated electrically for 10
min at constant pressure until the volume doubles. The electric current 1s to be determined.

Assumptions 1 The cylinder is stationary and thus the kinetic and potential energy changes are zero. 2 The
CO, 15 an 1deal gas with constant specific heats. 3 The thermal energy stored m the cylinder itself and the
resistance wires is negligible. 4 The compression or expansion process is quasi-equilibrium.

Properties The gas constant and molar mass of CO, are R = 0.1889 kPa.m* kg K and M = 44 kgkmol
(Table A-1). The specific heat of CO, at the average temperature of T, = (300 + 600)/2 =450 K is ¢y o =
0.978 kI/kg.°C (Table A-2b).

Analysis We take the contents of the cylinder as the system. This 1s a closed system since no mass enters
or leaves. The energy balance for this closed system can be expressed as
Ei'?r - Eom = aEsv::bem
[ y
Net energy transfer Change in mternal, kinetic,
by heat, work, and mass potential etc energies
Wein — Wy ou = AU

Wom =m(in — M) = me, (1> —0)

since ALV + T, = AH during a constant pressure quasi-equilibrium
process. The final temperature of CO- 1s

aM_BEh i) =££Iﬁ =1x2x (300 K) = 600 K
i g R Y
The mass of CO- 15
PV, 200 kPa)(0.3 m?
moY _ ( a)(0.3m”) ~1.059 kg
RT;  (0.1889 kPa-m®*/kg -K)(300 K)
Substituting,
Wein = (1.059 kg)(0.978 kI/kg K)(600 - 300)K = 311 kI
Then,
W . r
o em _ 311kT 1000VA}_ ...
VAr  (110V)(10x605)|  1kI/s

4-72 A piston—cylinder device, whose piston is resting on a
set of stops, initially contains 3 kg of air at 200 kPa and
27°C. The mass of the piston is such that a pressure of 400
kPa is required to move it. Heat is now transferred to the air
until its volume doubles. Determine the work done by the air
and the total heat transferred to the air during this process.
Also show the process on a P-v diagram. Answers: 516 kJ,
2674 kl



4-T1 A eylinder equipped with a set of stops for the piston 15 mifially filled with air at a specified state.
Heat 1z transferred to the air untl the volume doubled. The work done by the air and the amount of heat
transfer are to be determined, and the process 1s to be shown on a P-v diagram.

Assumprions 1 Air 15 an 1deal gas with vanable specific heats. I The kinetic and potential energy changes
are neghgible, Akez= Apez=0. 3 The thermal energy stored in the cvlmder itself is neglizible. 4 The
COmMpIesslon Of eXpansilon process 15 quasi-equilibrium.

Preperries The gas constant of amr 15 B = 0.287 kPa.ms-"kg.K (Table A-1).

Analysis We take the air in the cvhinder as the syvstem. This 15 a closed system since no mass crosses the
boundary of the system. The energy balance for thus closed system can be expreszed as

Ep —Eom = II:I"E:_n.'.‘hﬂ:u
—_—
Motenergy Smmfr  Chamgs im ssermal, kinetic
by haat, and mae po'rnnﬁl-:].mr.nn:-:gim ' 400 kPa
o — Wy o = AU = miuz —my) [Ee—
Qm=m(u3—u]}+wblm AR
The mmitzl and the final velumes and the final temperature of awr are 200kPa Q
-
RT, 287 kPa.m” ke-
V= miD, (3 ke)(0.287 kPa-m” kg -ENIW E) 179 m° &
) 200 kPa
V=20 =2x129=258m’ P
Bl R P 1 400 kP
AR = T (300K =1200K 2 5
I I R ¥ 200 kPa
Mo work 15 done dunng process 1-2 since ] = U5, The pressure
remains constant duning process 2-3 and the work done dunng thi= :
process Is v

Wy o = _[I'Pdu = Bl —14) = (400 kPa)(2 58 -1 29)m’ = 516 kJ

The izl and final internal energies of air are (Table A-1T)
) =ngae g = 214.07 Klke
uz =wgaoE = 93333 klkg
Then from the energy balance,
0= kg)(93333- 21407kl kg + 516 kT = 2674 kI

Alternative solution The specific heat of air at the average temperature of Ty, = (300 + 120002 = T30 K
is, from Table A-2b, comg= 0800 kI'kg K Substitufing,

O = miuy — )+ Wy oy =me (G- N+ Ty o

O = (3 kg)(0.800 kI kg E)(1200 - 300) K + 516 kI = 2676 kJ

4-74  In a manufacturing facility, 5-cm-diameter brass balls
(p = 8522 kg/m’ and ¢, = 0.385 kl/kg - °C) initially at 120°C
are quenched in a water bath at 50°C for a period of 2 min at

a 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 tem-
perature constant at 50°C.

Brass balls

Water bath



4-T4 A pumber of brass balls are to be quenched in a water bath at a specified rate. The rate at which heat
needs to be removed from the water m order to keep its temperature constant 15 to be deternuned.
Assumprions 1 The thermal properties of the balls are constant. 1 The ball: are at 3 wniform temperature
before and after quenching. 3 The changes m kinetic and potential energies are neghzible.

Propervies The density and specific heat of the brass balls are given to be p = 8322 ka/m® and cp= 0385
kIkg *C.

Analysis We take a single ball as the systems. The energy balance for thas closed system can be expressed

as

e i = toznal, kingtic B balls. 120°C
Hat rrmsfr Chamgs in imteenal, kingtic, Tazs -
by haat, and mass pu'tnm:l. oiC_ AneTgEies —

-0 = AU = mluy —my)
Qm = '"C'ai - Tﬂ'
The total amount of heat transfer from a ball 15

3 3
0D 0.05
m=p¥ = pX = (8522 kg."mj}¥=ﬂ.553kg

O =me(T] —T3 )= {0558 kg0 385 kI kg."CH(120 - T4)°C = 9. 88 kT ball
Then the rate of heat transfer from the balls to the water becomes

Qw = Hya gy = (100 balls/min) = (9.88 kI'ball) = 985 k] /'min
Therefore, heat must be removed from the water at a rate of %88 kI'mm 1 order to keep 1t temperature
constant at 30°C =sinee energy input must be equal to energy output for a system whose epergy level
ramains constant Thatis Foo=F_. when AF__._ =10

4-79 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. If 2500 balls are to
be annealed per hour, determine the total rate of heat transfer
from the balls to the ambient air. Answer: 542 W

Furnace Air, 35°C

900°C Steel ball  100°C

Woo/oq




4-7% Carbon steel balls are to be annealed at a rate of 2500/k by heating them first and then allowing them
to cool slowly mm ambient awr at a spectfied rate. The total rate of heat transfer from the balls to the ambient
arr 15 to be determined.
Assumprions 1 The thermal properties of the balls are constant. I There are no changes m kinetic and
potential energies. 3 The balls are at a umform temperature at the end of the process
Praperries The density and specific heat of the balls are given to be p = 7833 ]-;g,"r.tl3 and cp = (.463
kTkg~C.
Analysis We take a single ball as the system The enerzy
balance for thiz closed system can be expressed as
E.-E., = i"-E;pm
L
Hat v e Clongmin intarzal kinstic,
by haat, and mass posmntial abc. smargiss
= O = Al = miiuz — )
0 =me(l;-T:)
(b) The amount of heat transfer from a smgle ball 1=

} 3
m= oV = pﬂ% = (7833 kg.-'mi;.m

=0.00210kg

Q.= me, (I, = T15) = (0.0021 kg)(0.465 kTkg. " CHS00 - 1003°C = 0.T81 kI (per ball)
Then the total rate of heat transfer from the balls to the ambient air becomes
Qm = ROy = (2500 ballsh) = (0781 kIball} = 1353 kTh = 34I'W

4-800  An electronic device dissipating 30 W has a mass of
20 g and a specific heat of 850 J/kg - °C. The device is lightly
used, and it is on for 5 min and then off for several hours,
during which it cools to the ambient temperature of 25°C.
Determine the highest possible temperature of the device at
the end of the 5-min operating period. What would your
answer be if the device were attached to a (00.2-kg aluminum
heat sink? Assume the device and the heat sink to be nearly
isothermal.



4-80 An electronic device 15 on for 5 munutes, and off for several howrs. The temperature of the device at
the end of the 5-min operating peniod 15 to be determined for the cases of operation with and without a heat
sink.

Assumprions 1 The device and the heat sink are 150thermal. 2 The thermal properties of the device and of
the =ink are constant. 3 Heat lozs from the device dunng on fime 15 disregarded zince the highest possible
temperature 15 to be determined.

Praperties The specific haat of the devies 15 given to be ¢, = 850 I’kg.*C. The specific heat of aluminum at
room temperature of 300 K 15 902 kg °C (Table A-3).

Analysis We take the device to be the system. Noting that electnical epergy 1s

supplied, the energy balance for thas closed svystem can be expressed as Electronic
device, 255C
Eyp—E = i"'Es-}'.hm

h'J:.];Ir'ﬂ"- mdmas:  pomodl s szerEies
Wi = AU e = My — )
iﬁ:"-indr =meil, -T})
Substtutng, the temperature of the device at the end of the process 15 determined to be
(30 7/ s)5 =60 5)= (0020 kg)(850 I 'keg."C)(I, -25°C — L =%34°C (without the heat smk)
Casze 2 When a heat smk 15 attached the energy balance can be expressed as
o = AL g T AU ot o
W, At = me(T; — T gice + MMy — T Yy ink
Substtutng, the temperature of the device-heat sink combinatien 15 determined to be
(30 Ts)(5=60s) = (0,020 kg850 kg "C)T; — 25)°C + (0.200 kg)(302 Ikg "C)YT, — 25)°C
T: = T06°C  (with heat sink)

Discussien These are the maximmm temperatures. In reality, the temperatures will be lower because of the
heat losses to the surroundmgs.

4-114 A frictionless piston—cylinder device initially contains
air at 200 kPa and 0.2 m’. At this state, a linear spring (F = x)
is touching the piston but exerts no force on it. The air is
now heated to a final state of 0.5 m” and 800 kPa. Determine
{a) the total work done by the air and (b) the work done
against the spring. Also, show the process on a P-v diagram.
Answers: (a) 150 kJ, (&) 90 kJ
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4-114 A cvhnder equipped with an external spring 15 mmtally filled wath air at a specified state. Heat 15
transferred to the air, and both the temperature and pressure nze. The total boundary work done by the am,
and the amount of work done against the spring are to be determined. and the process 15 to be shownon a
Py diagram.

Assumprions 1 The process 15 quasi-equilibrium. 2 The spring 15 a lmear spring.

Analysis (a) The pressure of the gas changes linearly with volume duwning this process, and thus the
process curve on 3 P-I7 diagram will be a straight lme. Then the boundary work during this process 1s
simply the area under the process cwrve, which 15 a trapezordal. Thus,

+
Mioe = Aves = A2 (1~ )
200 +800)kP 16T
= Ql.:l:l.S - 0.2’ —3] Air
2 1kPa-m’ 200 kP4
=120 kJ 0.2 m’
(&) If there were no spring, we would have a constant P
pressure process at P = 200 kPa. The werk done during this (kFa)
process Is
. 200 2
o = | 700 = 1) -
Fa R zm ]
. . 3 1kJ
= (200 kPaj0.5— D.E:h:u kgl ———— | =60 kT
| 1kPa-m” | N
Thus, 02 0.5 im)
W apring = W~ W ne sgmimg = 150 —60 =90 kJ

4-115 A mass of 5 kg of saturated liquid—vapor mixture of
water is contained in a piston—cylinder device at 125 kPa. Ini-
tially, 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 300 kPa. Heal transfer continues
until the total volume increases by 20 percent. Determine
(@) the initial and final temperatures, (#) the mass of liquid
water when the piston first starts moving, and (¢) the work done
during this process. Also, show the process on a P-v diagram.



4-115 A cvlmder equpped with a set of stops for the piston 15 mitially filled with saturated hquid-vapor
mixture of water a specified pressure. Heat 15 transferred to the water until the volume increases by 20%.
The imtal and final temperature, the mass of the ligumd when the piston starts moving, and the work done
dunng the process are to be determined, and the process 15 to be shown on a P-v diagram.

Assumprions The process 15 quasi-equlibrom.

Analysis {a) Imtally the system 1s a satwated mixture at 125 kPa pressure, and thus the inifial temperature
is

I;l = T‘.ﬂ@l]j K = 106.05C

The total imiftial velume 15
Vi =m v, +mgv, =2x0.001048+3x1.3750 =4.127 m?
[ 1 [ |
Then the total and specific volumes at the final state are ?}JED
=4
5 =121 =12=4127=4953 m?
V; 4953m’
vy =T (09905 m ke
m Skg
Thus,
300 kP g
= a
A : -|T3=3T3.6"('
v; =0.9905 m/kg | EI—>—'3
(b} When the puston first starts moving, Py = 300 kPa and £ = |
i, = 4127 m". The specific volume at this state is /J' 14
i, 4127m° =
vy=2=2" T 08254 m ks v
m 5kg

which 15 greater than v, = 0.60582 m3."kg at 300 kPa. Thus no liguid 15 left in the cyvhnder when the piston
starts moving.

() No work 1= done durmg process 1-2 smee ) = U5, The pressure remains constant dunng process 2-3
and the work done during this process 1s

i 5

1k7
1kPa-m®

- 4

3 o "
W, = LP::‘I? =Pl -5 =300 kP2 (4 953 -4.127jm’ =76k




4-122 A passive solar house that is losing heat to the out-
doors at an average rate of 50,000 kl/h is maintained at 22°C
at all times during a winter night for 10 h. The house is to be
heated by 30 glass containers each containing 20 L of water
that is heated to 80°C during the day by absorbing solar
energy. A thermostat-controlled 15-kW back-up electric resis-
tance heater turns on whenever necessary to keep the house at
22°C. (a) How long did the electric heating system run that
night? (&) How long would the electric heater run that night if
the house incorporated no solar heating?  Answers: (a) 4.77 h,
(0)9.26 h

4-121 The beating of a passve solar house at mght 15 to be assisted by solar heated water. The length of
time that the electnc heatmg syvstem would run that mght with or without solar heating are to be
determined

Assumprions 1 Water 1= an incompressible substance with constant specific heats. I The energy stored m
the glass containers themselves 1z neghgmible relative to the energy stored im water. 3 The house 1z
maintamed at 22°C at all fimes.

Propernies The den=zity and specific heat of water at room temperature are p = 1 kg/l and ¢ = 4.18
kIkg-"C (Table A-3).
Analysis (a) The total mass of water 1=
m, = o =(1kz/L)50%20L)=1000 kg

Taking the contents of the house, including the water as owr
system, the energy balance relation can be written a=

Ep —E = ﬂ"Ei}m
—_— -

'_',T . m - - . -
Womn — Qo = AU = (AL} o, + (AL} 5
= (AU e = M(Ty = T

or, H:’mﬁr— O = [mells — T e

Substituting,

(15 kT/'s)Ar - (30,000 kIR 10 k) = (1000 kgi4.18 kIkz-CH22 - BO)°C
It gives Ar=1T7170:=4.T7Th
(b) If the house incorporated no solar heating, the energy balance relation above would simplify further to
Wt — Qe =0
Substitufing, (15 kI's)Ar - (50,000 kTR10 k) =0
It gives Ar=33333:=026L



4-126 The energy content of a certain food is to be deter-
mined in a bomb calorimeter that contains 3 kg of water by
burning a 2-g sample of it in the presence of 100 g of air in
the reaction chamber. If the water temperature rises by 3.2°C
when equilibrium is established. determine the energy con-
tent of the food, in klfkg, by neglecting the thermal energy
stored in the reaction chamber and the energy supplied by the
mixer. What is a rough estimate of the error involved in
neglecting the thermal energy stored in the reaction chamber?
Answer: 20,060 klikg

Reaction
chamber

Food

AT =3.2°C

4-126 A sample of a food 15 bumed m a bomb calonmeter, and the water temperature rises by 3.2°C when
equibibrium 15 establizshed. The energy content of the food 15 to be determmined
Assumprrons 1 Water 15 an incompressible substance with constant specific heats. 2 Air 15 an 1deal gas
with constant specific heats. 3 The enerzy stored mn the reaction chamber 13 neghzible relative to the
energy stored m water. 4 The energy supphed by the mixer 15 neghgible.
Properries The specific heat of water at room temperature 15 ¢ = 4.18 kllkg-"C (Table A-3). The constant
volume specific heat of air at room temperature 15 ¢, = 0.718 klkz-“C (Table A-2).
Analysis The chemieal energy releazed during the combuston of the sample 15 transferred to the water as
heat. Therefore, dizregarding the change in the sensible energy of the reaction chamber, the energzy content
of the food 15 sumply the heat transferred to the water. Taking the water as our system, the energy balance
can be written as

Eg,-E.. = ﬂ.E,_,‘m - O, =AU

— —

IEEDE, il

or O = (AT ) e = [melT2 =T e
Substituting, Ou=03kz)4 18 kT ke "C)H3.2°C)=40.13 kT
for a 2-g sample. Then the energy content of the food per unit mass 1=

40.13 kT {1000 g |
kbl E | =20,060 kJks
s lkg

To mazke a rough estimate of the emror mvolved 1n neglecting the thermal energy stored m the reachion
chamber, we treat the snfire mass wrthon the chamber as awr and determine the change 1n sensible mternal
BIETEY:

(AL ) b = [ (T2 = T e = (0,102 k20718 Wk € 3.2°C)= 023 k7

which 15 less than 1% of the mternal energy change of water. Therefore, 1t 15 reasonable to disregard the
change in the sensible enerpy content of the reaction chamber in the anakysis.



4-130 In order to cool 1 ton of water at 20°C in an insu-
lated tank, a person pours 80 kg of ice at —5°C into the
water. Determine the final equilibrium temperature in the
tank. The melting temperature and the heat of fusion of ice at
atmospheric pressure are 0°C and 333.7 kl/'kg, respectively.

Answer: 12.4°C

4-130 A 1- ton (1000 kg) of water 15 to be cocled in a tank by pounng ice mto it. The final equlibrium

temperature in the tank 15 to be determuned.

Assumprions 1 Thermal properties of the 1ce and water are constant. 1 Heat transfor to the water tank 1=

negligible. 3 There 15 no sturing by hand or a mechamieal device (it will add energy).

Properites The specific heat of water at room temperature 15 ¢ = 4.18 k¥kgz-°C, and the specific heat of 1ce
at about 0°C 1= ¢ = 2.11 kTkg-"C (Table A-3). The melting temperature and the heat of fusion of 108 at 1

atm are 0°C and 333.7 kI'kg.

Analysis We take the 1ce and the water as our system, and
disregard any hbeat transfer befween the system and the
swroundings. Then the energy balance for this process can be
written as

E —Eou = Eum
0=AL

0=AU,, + AU

[mef0°C -1 b +mby +me(Ty _ch:ll.i;'niﬂ.]im +melT: T ] e =0

Substituting,

(80 k) {(2.11 kI /kg” C)[0 - (-5)]°C+ 3337 kJ /kz + (4.18 K] 'k C)(T, -
+(1000 kg)(4.18 kT kg C)(T, - 20)°C =0

It gives Ty=124°C
which iz the final equibibrom temperature in the tank.

4-131 An insulated piston—cylinder device initially contains
0.01 m? of saturated liquid—vapor mixture with a quality of
0.2 at 120°C. Now some ice at 0°C is added to the cylinder. If
the cylinder contains saturated liquid at 120°C when thermal
equilibrium is established, determine the amount of ice added.
The melting temperature and the heat of fusion of ice at
atmospheric pressure are 0°C and 333.7 kl/kg, respectively.

ice
-5RC
B0 kg




4-131 Arn insulated cvhnder mitially contains 2 saturated hgwd-vapor mixture of water at a specified
temperature. The entire vapeor in the cyhnder 15 to be condensed i1sothermally by adding 1ce inside the
cvhndsr. The amount of ice that needs to be added 1= to be determmed.

Assumprions 1 Thermal properties of the 1ce are constant. 2 The cylmder 15 well-msulated and thus heat
transfer 15 neghzible. 3 There is no stimng by hand or a mechanical device (1t will add energy).

Prepersies The specific heat of 1ce at about 0°C 15 ¢ = 2.11 kIkg-*C (Table A-3). The melting temperature
and the hkeat of fusion of 1ce at 1 atm are given to be 0°C and 333.7 kIks.

Analysis We take the contents of the cylinder (ice and saturated water) as our system, which 15 a closed
system. Noting that the temperature and thus the pressure remains constant duwrmg this phasze change
process and thus F, + AU = AH, the energy balance for this system can be written as
Eiu. - En:rni = "'!"E-r_nm
—_— —
Nor — e 3 kinatic,
by haat, and mass po-hmﬁl':].mr.mgim
Wy =40 — AH=0 ice
AH, +AH, =0 re

[me{0°C -1, i +:mhur +me(Ty _chjl.i;'n:iﬂ.]im +[mlhs —hy e =0
The propertes of water at 120°C are (Table A-4)

v, =0.001060, v, =089133m’ke
h, =503.81,  hg =22021kIkg

Then.
v1=v; +xwz =0.001060+0.2x(0.89133-0.001060)=0.17911m” ke
By =hy+xph g =503.81+0.2x2202.1=944 24 kT ke
hy = h graec =503.81kT ke

Moting that Ty .= 0°C and T; = 120°C and substituting gives
m[0+333.7 kg + (418 kI'kg-"C){120-0)°C] + (0.05583 kgW503.81 - 944 24 kTkg =0
m=00204 k=194 zice

4-132 The early steam engines were driven by the atmo-
spheric pressure acting on the piston fitted into a cylinder
filled with saturated steam. A vacuum was created in the
cylinder by cooling the cylinder externally with cold water,
and thus condensing the steam.

Consider a piston—cylinder device with a piston surface
area of 0.1 m? initially filled with 0.05 m® of saturated water
vapor at the atmospheric pressure of 100 kPa. Now cold
water is poured outside the cylinder, and the steam inside
starts condensing as a result of heat transfer to the cooling
water outside. If the piston is stuck at its initial position,
determine the friction force acting on the piston and the
amount of heat transfer when the temperature inside the
cylinder drops to 30°C.

Cold
water




4-132 The cylinder of a steam engine imtially contains saturated vaper of water at 100 kPa. The cylmder 1=
coclad by pounng cold water outzide of 1t, and some of the stezrn mside condenses. If the piston 1= stuck at
its mmtal posibon, the fachon force acting on the piston and the amount of heat tansfer are to be
determmned

Assumprions The device 15 an-tight so that no air leaks mto the cvlinder as the pressure drops.

Analysis We take the contents of the cvlmder (the satwated hgwmd-vapor mixhwe) as the system, whach =
a closed system. Moting that the volume remains constant duning this phase change process, the energy
balance for thus system can be expressed as

E.u. - fm = i'l-Es,.-n:m
[ — P
Poest emesngy ansles Charge in insternmal, kinsoc,

by heat, work, and msss  poranial, et energies
— Qe = AU = mip; —my}
The satwation properties of water at 100 kPa and at 30°C are (Tables A4 and A-5)
E=100kPa —s vy =0.001043 m¥ kg, ve =1.6941 m* kg
u; =41740 kVkz, u, =23056kTkg

I=30°C — v, =0.001004 m’ kg, v, =32879 m’kz
u,=12573kkz,  m, =22902kike

B, =42465 kPa
Then,
P, =Pm{13u=1: =4 2460 kPa s
V= Vo amoies = 16941 mikg
u) = Uggmurn = 23056 klkg
and

Wy = -
— N Tad 1.6941-0.001 —0.05150
: Vi 32.879-0.001
wy =up +xau g =125.73+0.05150= 22902 = 243 67 klkg
The fiicton force that develops at the piston-cvlinder interface balances the force acting on the puston, and
15 equal to

i

F = A(B - B) = (0.1 m*}(100 — 4.2469)kP=
LS

™

1000 Him®
1kPa

=05TE N

Thke heat transfer 15 determmed from the energy balance to be
O = mluy —uz)
= (0.02951 kg 25056 — 243 6T)kTkg
=668 kJ

4-134 Two rigid tanks are connected by a valve. Tank A
contains 0.2 m* of water at 400 kPa and 80 percent guality.
Tank B contains 0.5 m* of water at 200 kPa and 250°C. The
valve is now opened, and the two tanks eventually come to
the same state. Delermine the pressure and the amount of
heat transfer when the system reaches thermal equilibrium
with the surroundings at 25°C.  Apswers: 3.17 kPa, 2170 kJ

H,0 H,0
400 kPa 200 kPa

il

0 4




4-T34 Two rizid tanks that contain water at diffsreat stafes are connected by a valve. The valve 1= opened
and the two tanks come to the same state at the temperature of the surroundings. The Snzl pressure and the
amount of heat ransfer are to be determined.

Assumipions 1 The tanks are stafionary and thuos the kinetic and potential energy changes are zero. 2 The
tank is insulated and thos heat wansfer is negligible. 3 Thers are no work mteractions.

Amalpsis We take the entire contents of the tank as the
system. This is a closed system since no mass enters or
leaves. Moting that the volome of the systam s constant
and thus there iz no boundary work, the energy balance
for this stadonary closed system can be expressad as

E -E, = AE

=ilem
R — .
Pt ey Lrmsidizy (Tearge m micrml, kaetic,

by heat weed and mass pulenlial, cle encrgics
-0, =AU =(AL7) , +(AL), (since - KE=DPE =0)
Qu.u. - _[Lrl_.lh’i _L'-I._.I _I'"1.B ]
——['ﬂl,wuz —{myuy ) 4 —(ma; g ]

The properties of water in each tank are (Tables A-4 through A-§)
Tank A:

P — 400 kPa ]. v, —0.001084, v, —0.46242 m? kg

X =080 | w,=60422, w, -19489kIkz

Vi =ty +Ey g = 0001084+ [0.8=(0.46242 - 0.001084 ] - 0.37015 m” ke

My g =l + X = 60422+ (0.8x1948.0) - 21633 KT kg
Tank B:

P =200kPa| v, , =1.1989 m* kg

T, =250°C | w4 = 27314 KTke

v 02m?
My gt B 5403k
Towy 03015 miks
v, 05m -
M,y m—tmm————— = 04170 kg

Vi g 11989 ma-‘kg
M, -+ g = 05403404170 - 009573 kg
v, 07m’
m, 00573 kz
T, = 25°C ] v, =0001003, v, -43340m’ kg
vy =0 T311 T m kg | uyp =104.83,  wpg =23043kTEke

Wy - -0.73117 m kg

Thus at the final state the system will be a saturated liquid-vapor mixfure since o < & < ¢ . Then the final
pressure must be

Pr=Poygusc=31TkPa

Alsa,
Va—Vr  0.73117-0.001
vy | 43340-0.001
Uy =, +X,U, =104.83 +(0.01685% 2304 3] = 143.65 klkg

Substimfing, Qo =—[(0.9573)(143.65) — (0.5403)(2163.3) — (0.4170)(2731.4)] = 2170 kJ

X, - - 0.01685




4-138 Consider a well-insulated horizontal rigid cylinder
that is divided into two compartments by a piston that is free to
move but does not allow either gas to leak into the other side.
Initially, one side of the piston contains 1 m* of N, gas at 500
kPa and 80°C while the other side contains 1 m* of He gas at
500 kPa and 25°C. Now thermal equilibrium is established in
the cylinder as a result of heat transfer through the piston.
Using constant specific heats at room temperature, determine
the final equilibrium temperature in the cylinder. What would
your answer be if the piston were not free to move?

N, He
| m’ I m?
500 kPa 500 kPa
80°C 25°C

4-138 An msulated cylinder 1s divided into two parts. One side of the cylinder contamns N gas and the
other side contains He gas at different states. The final equilibrium temperature in the cylinder when
thermal equilibrivm is established is to be determined for the cases of the piston being fixed and moving
freely.

Assumptions 1 Both N; and He are ideal gases with constant specific heats. 2 The energy stored m the
container itself 1s negligible. 3 The cylinder 15 well-insulated and thus heat transfer is negligible.

Properties The gas constants and the constant volume specific heats are R = 0.2968 kPam kg K is ¢, =
0.743 kl/kg°C for Ny, and R = 2.0769 kPa.m’ kg K is ¢,= 3.1156 kl/kg-°C for He (Tables A-1 and A-2)

Amnalysis The mass of each gas in the cylinder 15

_(Bv ] _ (500 kPa fi m’ 477 ke
| RT; (02968 kPa m/kg K|353K) _

My,

/MNa

_[Ru) _ (sookpa)(lm
%Ry ), o769 kPa-mg.-"kg-KJ[Q‘:?S K)

—0.808 ke

Taking the entire contents of the cylinder as our system. the 1st law relation can be written as
E_—-E, = AE

m sysr!m

-\It transfer
Eeﬁmm Changemu:t;malkmeuc

0=AU = (AU Jy. + (AU )y,
0 =[me (I - Ty, +[me, (> - )]s
Substituting,

4.77 ke )0.743 KI/kg"C [T, — 80PC + (0.808 kg )3.1156 kI/kg - °C T, — 25PC = 0
My Iy

It gives T,=57.2°C
where T;1s the final equilibrium temperature in the cylinder.

The answer would be the same if the piston were not free to move since it would effect only
pressure, and not the specific heats.

Discussion Using the relation PV= NR,T. it can be shown that the total number of moles in the cylinder 1s
0.170 +0.202 =0.372 kmol, and the final pressure 15 510.6 kPa.



4-141 An insulated rigid tank initially contains 1.4-kg satu-
rated liquid water and water vapor at 200°C. At this state, 25
percent of the volume is occupied by liquid water and the rest
by vapor. Now an electric resistor placed in the tank is turned
on, and the tank is observed to contain saturated water vapor
after 200 min. Determine (a) the volume of the tank, (b) the
final temperature, and (¢) the electric power rating of the
resistor.  Answers: (3) 0.00648 m3, (b) 371°C, (c) 1.58 kW

4-141 An insulated rigid tank imitially contains saturated liquid water and air. An electric resistor placed in
the tank is turned on until the tank contains saturated water vapor. The volume of the tank. the final

temperature, and the power rating of the resistor are to be defermined.

Assumptions 1 The tank is stationary and thus the kinetic and pofential energy changes are zero. 2 There

are no work interactions.

Properties The initial properties of steam are (Table A-4)
I} =200°C | v, = 0.001157 m* kg
1 =0 [u =85046kIke

Analysis (@) We take the contents of the tank as the system. This is a closed system since no mass enfers or
leaves. Noting 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:i]:l. - Em = ﬂ"il::':qrsl:m:u

Net enesgy transfer Change in intemnal, kinetic,
by heat, work, and mass potantial, etc enerzias

W =AU =miu; —uy) (since =KE=PE=0)
The mitial water volume and the tank volume are

¥ =muy = (L4ke)(0.001157 m’/kg) = 0.001619 m®

3
y, Q001619 o _ 4 606476 m?

0.25
(5) Now, the final state can be fixed by calculafing specific volume
V, 0.006476 m’

v, == —0.004626 m’ /kg
Toom 14 kg
The final state properties are
vy =0.004626 m®/kg | T, =371.3°C
x; =1 [u> =2201.5 KTkg
(c) Substituting,

Wam =(1.4kg)(2201.5 -850 46)kT/kg = 1802 kJ
Finally. the power rating of the resistor is

Few 18921 =1.576 kKW

W = _aee K
BOAr 2060 s

Air

F 3

Water

We

L J

1.4 kg, 200°C




4-143 A piston—cylinder device initially contains 0.15-kg
steam at 3.5 MPa, superheated by 5°C. Now the 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 final pressure and the quality (if mix-

ture), i(b) the boundary work, (c) the amount of heat transfer
when the piston first hits the stops, (d) and the total heat transfer.




4-143 A piston-cylinder device with a set of stops contains superheated steam. Heat is lost from the steam.
The pressure and quality (if mixture), the boundary work, and the heat transfer until the piston first hits the
stops and the total heat transfer are to be determined.

Assumptions 1 The kinetic and potential energy changes are negligible, Ake = Ape = 0. 2 The friction
betweaen the piston and the eylinder is negligible.

Analysis (@) We take the steam in the cylinder to be the system This is
a closed system since mo mass crosses the system boundary. The
energy balance for this stationary closed system can be expressed as

Ey - Eu_ = i"-Es_v;nam
I{etﬁn'mﬁa' Chamge in infernal, kinetic, Steam
oy heat, andmess  potenrial etr. enargies 0.15 kg
Wh,m —Qp =AU (since KE = PE =) 315MPa

[

Dencting when piston first hits the stops as state (2) and the final
state as (3), the energy balance relations may be written as

Whin — Cag .z =mlug -uy)
Wi = O 13 = mluz -uy)
The properties of steam at various states are (Tables A-4 through A-6)
Tagssvm = 242.56°C
I =0 +AT, = 24256+ 5= 247.56°C

B =3.35MPa |u; =005821 m* kg

T, =247.56°C|u, =2617.3 kikg

Py =R =335MPa vy = 0001235 m’ke

Xy =0 |y =1045.4 KIkg
o 3, 1%3 =0.00062

vy =v; =0.001235 m” kg F; =1555kPa

T; = 200°C

uz =851.55 klkg

(b) Noting that the pressure is constant until the piston hits the stops dunng which the boundary work 15
done, 1t can be determined from its defimition as

Wy = mB vy — vy = (015 kg)(3300 kPap(0.05821- 0.001235)m’ = 29.91 kJ
{¢) Substituting inte energy balance relations,

Ohgt 12 = 2991kT - (0.15kg)(1045 4 - 2617 3)kIkg = 265.7 KJ
() O 13 = 29.91kT - (0.15kg)(851 .35 - 2617 3)k] kg = 294.8 K.



