7-29 Refrigerant-134a enters the coils of the evaporator of
a refrigeration system as a saturated liguid—vapor mixture at a
pressure of 160 kPa. The refrigerant absorbs [80 kJ of heat
from the cooled space. which is maintained at —5°C, and
leaves as saturated vapor at the same pressure. Determine
{a) the entropy change of the refrigerant, (b) the entropy
change of the cooled space, and (¢) the total entropy change
for this process.

7-29 R-134a enters an evaporator as a saturated liquid-vapor at a specified pressure. Heat is transferred to
the refrigerant from the cooled space. and the liquid is vaporized. The entropy change of the refrigerant. the
entropy change of the cooled space. and the total entropy change for this process are to be determined.

Assumptions 1 Both the refrigerant and the cooled space involve no internal irreversibilities such as
friction. 2 Any temperature change occurs within the wall of the tube, and thus both the refrigerant and the
cooled space remain isothermal during this process. Thus it is an isothermal. internally reversible process.
Analysis Noting that both the refrigerant and the cooled space undergo reversible isothermal processes, the
entropy change for them can be determined from

a5 @

T
(a) The pressure of the refrigerant is maintained constant. Therefore, the temperature of the refrigerant
also remains constant at the saturation value,

T =T g6 s = —15.6°C =2574K  (Table A-12)

Then. R-1344
160 kPa

refri i 180 kJ
AS, igeraat = Ontigmutin _ - 099 kK 180 kJ
refrigerant ==

T K
(b) Similarly. e

us, = Gwmeeon VORI g o ik

space T 268 K

space

(c) The total entropy change of the process is

Sgen = Stotat = ASiesigeraat + AS,paee = 0.699 —0.672 = 0.027 kJIK



7-31 The radiator of a steam heating system has a volume
of 20 L and is filled with superheated water vapor at 200 kPa
and 150°C. At this moment both the inlet and the exit valves
to the radiator are closed. After a while the temperature of the
steam drops to 40°C as a result of heat transfer to the room
air. Determine the entropy change of the steam during this
process.  Answer: —0.132 kJ/K

7-31 The radiator of a steam heating system is initially filled with superheated steam. The valves are
closed. and steam is allowed to cool until the temperature drops to a specified value by transferring heat to
the room. The entropy change of the steam during this process is to be determined.

Analysis From the steam tables (Tables A-4 through A-6).

P, =200 kPa } v; =0.95986 m” kg : z
T, =150°C 5, =7.2810kIkg-K H,O
200 kPa
T, =40°C vy —Vr  0.95986—0.001008 °
2 xp=— L = - 0.04914 150°C —Q
v, =7 Ve 19.515-0.001008

Sy =S5 +X8 5 =0.5724+(0.04914)(7.6832) = 0.9499 ki/kg -K
The mass of the steam is

v 0.020 m*
m=-—

=————————=0.02084 kg
v 095986 m’ kg

Then the entropy change of the steam during this process becomes
AS = m(s, —s,)=(0.02084 kg )(0.9499 — 7.2810) kI/kg - K = —0.132 kJ/K

7-32 A 0.5-m’ rigid tank contains refrigerant-134a initially
at 2000 kPa and 40 percent quality. Heat is transferred now to
the refrigerant from a source at 35°C until the pressure rises
to 400 kPa. Determine (a) the entropy change of the refriger-

ant, (&) the entropy change of the heat source, and (c) the
total entropy change for this process.
Answers: (a) 3.880 kJK, (b) —3.439 kK, (c) 0.441 kK



7-31 A nzd tank 15 mmtalky filled with a saturated mixture of B-134a. Heat 1= transferred to the tank from a
source until the pressure mnside nses to a specified value. The entropy change of the refngerant, entropy
change of the source, and the total entropy change for this process are to be deterouned. i

Assumprions 1 The tank 15 stationary and thus the kinetic and potential energy changes are zero. 1 There
are no work imteractions.
Analysis (a) From the refrngerant tables (Tables A-11 through A-133,
wp =u g +xu g =3828+(0.4)186.21)=112.76 klke
5 =5g 415 =015457+(0.4)0.78316) = 04678 kI kg K
vy =wp 43w e = 0.0007533+(0.4)0.099867-0.0007533) = 0.04040 m* ke

B =200kPa
=04

Va~Vs _ 0.04040-0.0007907

| ; 0.051201-0.0007907

P, =400 kP i . . X
2 1wy =wgtxau g =63.62+(0.7857)171.45)=198 34 klike

J sy =5+ x5 5 =024761+(0.7857)0.67929) = 0.7813 kike K

x =0.7857

z
Wy =6

The mass of the refnzerant 15

v 0.5 m’
m=—=——""—=1238ke
v 004040 m™ ke
Then the entropv change of the refiigerant becomes
A8 = mlsy — 5 )= (1238 kg )[0.7813 - 0.4678 ) kI ke - K = 3.880 KI'K
(b)) We take the tank as the system. This 1= a closed system since no mass enters or leaves. Moting that the
volume of the system 15 constant anpd thus there 1= no boundary work, the energy balance for this stationary

closed system can be expressed as

Ep—Ep = AF v
e [ ——
Matsmergy mmafar  Changgin ftermal, kinatic, E-134a
h-rhm.ﬁ.mdm'-'- posatial, sic. anargios 200kP2 | g ( Source
O, = AU = m{uy — ;) 4 NI
Substituting,

0. =mluy —uy )= (1238 kg 19834 -112.76) = 1059 kI
The keat transfer for the source 15 equal 1n magnitude but opposite n direchon. Therefore,

th_nu:= - Quuh_.n =- 1059 kT
and

a5, = Demom | WOOKT 4 g0
Femures Tomce S K ) '

(¢) The total entropy change for this process 1=
A = AS:_,‘__W + A5 e = 3.880+ [—3.439}= 0,442 KIK

7-38 An insulated piston—cylinder device contains 5 L of
saturated liquid water at a constant pressure of 150 kPa. An
electric resistance heater inside the cylinder is now turned on,
and 2200 kJ of energy is transferred to the steam. Determine
the entropy change of the water during this process.

Answer: 5.72 kI/K



7-38 Ap msulated cvhnder 15 mmrtially filled with saturated hiquid water at a specified pressure. The water 15
heated electrically at comstant pressure. The entropy change of the water dwrmmg this process 1= to be
determined.

Assumprions 1 The kinetic and potential energy changes are neghgzble. 2 The cvhnder 15 well-msulated
and thus heat transfer 15 neghgible. 3 The thermal energy stored in the cvhnder itself 15 neghgzible. 4 The
COMPression of eXpansion process 1s quasi-equilibrium.
Analysis From the steam tables (Tables A-4 through A-8),

1 =¥ rarsnim = 0001053 m° ke

. L H.0
A=130kRa) 3 = 46713 LTk 150 kPa
sat liguid LT Sal . -E II00kT Sa; liguid
4 =‘$_,F@15[IkPa. =1.4337 H'kgK )
3
5
Ao, m=t=_000m  _ .95k

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

AE

E,-E
n ot g
Hat 7t far in ternal kivatic,

oy boat work andmans porsmial sk smarger
Wim = Wy oue = AT
Wom = mily —hy)
sinee ALT+ W, = AH dunng a constant pressure quasi-equibbrium process. Solving for .,

2200 kT

..
hy =y + == =467.13+ 3 =830.33 kI'kg
m

kg

. |[|"| _h -_—
P, =150 kP } ook 93033-467.13

hy =930.33 LIk M 2260
2T R ] gy =5, + 195 =14337+(0.2081)(5.7894)=2.6384 kT ke - K

=0.2081

Then the entropy change of the water becomes
AS=mlsy — 5, )=(4.75kg)26384-14337kJkg - K=572 KIK



7-39  An insulated piston—cylinder device contains 0.05 m’
of saturated refrigerant-134a vapor at 0.8-MPa pressure. The
refrigerant is now allowed to expand in a reversible manner
until the pressure drops to 0.4 MPa. Determine (a) the final
temperature in the cylinder and (&) the work done by the
refrigerant.

7-39 An msulated cyhinder 15 mitially filled with satwrated E-134a vapor at a specified pressure. The
refrigerant expands In a reversible manner until the pressure drops to a specified value. The final
temperature in the cyhnder and the work done by the refrigerant are to be determined.

Assumprions 1 The kinetic and potential energy changes are neghzible. 2 The cyhnder 15 well-insulated
and thus heat transfer 15 neglizible. 3 The thermal energy stored in the cvlinder itself 15 neghizible. 4 The
process 1s stated to be reversible.

Analysis (a) This 1s a reversible adiabatic (1.e., 1zentropic) process, and thus s: = 5. From the refnigerant
tables (Tables A-11 through A-13),

¥ = Vo5 ape = 0.025621m ke

i:::;:ma M) = Hogopnms = 246.79 klke
5= 5;g0smp = 091835 klke-K
Alsa,
v 0.05m?
" =:=m=1.952 kg
and

Py =04MP3) gy =275 091835024761
; S 0.67929

Yuy=ug +xou g =63.62+(09874)171.45)= 23291 kTke

=0.9874

S =5

I = Lugos e, = 8.91°C
(b) We take the contents of the cvlinder as the systemn. This 1z a clozed system since no mass enters or
leaves. The ensrgy balance for this adiabatic closed system can be expressed as

b}'}gl.w .m:: mﬁmﬁ]‘m@x
Py = AU
W our = mlauy =2z}
Substituting, the work done dunng this 1sentropic process 15 determuned to be
Foout = II‘I'::I.I] —y )= (1.952 kg}(246.79 — 232 91) klkg = 27.09 kJ



741 Refrigerant-134a enters an adiabatic compressor as
saturated vapor at 160 kPa at a rate of 2 m*/min and is com-
pressed to a pressure of 900 kPa. Determine the minimum
power that must be supplied to the compressor.

7-41 Saturated Refrigerant-134a vapor at 160 kPa 15 compressed steadily by an adiabatic compressor. The
minimum power input to the compressor 1s to be determined.

Assumprions 1 This 15 a steady-flow process since there 15 no change with fime. I EKimnetic and potential
energy changes are negligible. 3 The device 15 adiabatic and thus heat fransfor 15 neghgible.

Analysis The power mnput to an adiabatic compressor will be a2 munmmum when the compression process 15

reversible. For the reversible adiabatic process we have 5, = 5. From the refingerant tables {Tables A-11
through A-13),

¥ =V gis0iee = 0.12348 m kg

|

=160 kPa |
E * 1 by = hygg e = 24111 kIke

sat. v,
TR g = piem = 0.9419 ke K

B, =900 kPa

dr =48

} hy = 277.06 kTkg :

Also,

There 15 only one inlet and one ext, and thus sy = m, = m . We take the compressor as the system,

which 15 a control volume since mass crosses the boundary. The energy balance for this steadv-flow svstem
can be expressed in the rate form as

Ei:n _-Em = E“_.m?lﬂ (emady) =0
Batoof Satemergy TS Rae ol s el it
Ty bat, work, and mae potmntial, shc. anarsies '
E =E,

Ff'h+ri1hl =mh; (snce 0= Ake = Ape =)
Wy, =ni(hy—hy)
Substituting, the mimimum power supplied to the compressor 15 determined to be
W, =027 ke/s ) 277.06-241.11)klkz = 9.71 KW



7—44 A heavily insulated piston—cylinder device contains
(.05 m* of steam at 300 kPa and 150°C. Steam is now com-
pressed in a reversible manner to a pressure of 1 MPa. Deter-
mine the work done on the steam during this process.

7-44 An msulated evhinder is mmtially filled with superheated steam at a specified state. The steam 1z
compressed 1o a reversible manner until the pressure drops to a specified value. The work mput during this
process 1s to be determmed.

Assumprions 1 The kinetic and potential energy changes are neghgible. I The cyhinder 15 well-insulated
and thus heat transfer 15 peghzible. 3 The thermal energy stored in the cylinder itself 1s neghgzible. 4 The
process 1= stated to be reversible.

Analysis Thas 15 a reversible adiabatic (1., 1sentropic) process, and thus 53 = 55, From the steam tables
{Tables A-4 through A-6),

vy =0.63402 m kg

B =300kP

rl —isoc * } uy = 2571.0 kl'ke

- 5 =T7.0792 klkg-K

P, =1MP

? ]ug = 27738 k ke

Iy =5 J H.0

.l!!LISD, 300 kPa
1530°C

e take the contents of the cylinder as the svstem. This 15 a closed system since no mass enters or leaves.
The energy balance for this adiabatic closed system can be expressed as
Ep-Em = AF rem
Hat ; tramfar &mgumkm:
by heat, weork and mass potential, ok snargies '
Wi = AU = miuz —u)

Substituting, the work mmput during thys adiabatic process is determimed to be
Wy = mluy —uy )= (0.0789 kg)2773.8-2571.0) kIkg =16.0 kJ



7—d6 A piston—ylinder device contains 1.2 kg of saturated
water vapor at 200°C. Heat is now transferred to steam, and
steam expands reversibly and isothermally to a final pressure
of 800 kPa. Determine the heat transferred and the work done
during this process.

7-46 A cvlmder 15 mitially filled with saturated water vapor at a specified temperature. Heat 15 transferred
to the steam, and it expands mn a reversible and 1sothermal manner until the pressure drops to a specified
value. The heat trapsfor and the work output for this process are to be deternuned.

Assumprtons 1 The kinetic and potential energy changes are neghgzble. 2 The cyvhnder 15 well-mmsulated
and thus heat transfer 15 neglhigzible. 3 The thermal energy stored in the cyvhnder 1tself 15 neghgible. 4 The
process 1s stated to be reversible and 1sothermal.

Analysis From the steam tables (Tables A-4 through A-6),
I= EEHII"C] U =ugganere =2394. 2 klkg
satvapor |3y =5 gurc =6.4302kikg K

P, =800kPa] uy =26311kTkg
L =T, J;I =6817TkIkz K

The heat transfer for this reversibls isothermal process can be determined from
@ =TAS =Tmisy — 5, )= (4TIENL2 kgX6.8177 - 6.4302)k] kg - E =219.9 kJ
We take the contents of the cvhinder as the system. This 15 a closed system since no mass enters or
leaves. The energy balance for this closed system can be expressed as
E_-E = AF
NH:& wﬁm
byheat work andmass  potuntial, e anarges
O~y o = AT =m(uy — )
Whou = G —mluy —m)
Substituting, the work done dunng this process 1= determuned to be
Tyoue =219.9kT - (1.2 kg2631.1-2594.2) kTkg = 175.6 kI



T7—48 A piston—cylinder device contains 5 kg of steam at
100°C with a quality of 30 percent. This steam undergoes
two processes as follows:

1-2 Heat is transferred to the steam in a reversible manner
while the temperature is held constant until the steam exists
as a saturated vapor.

2-3 The steam expands in an adiabatic, reversible process
until the pressure is 15 kPa.

(@) Skeich these processes with respect to the saturation lines
on a single T-5 diagram.

(&) Determine the heat added to the steam in process 1-2, in k.
() Determine the work done by the steam in process 2-3, in kl.

T-48 A cylinder is imitally filled with saturated water vapor mixture at a specified temperature. Steam
mnderzoes a reversible heat addition and an isentropic process. The processes are to be skeiched and heat
transfer for the first process and work done during the second process are to be determined.

Assumprions 1 The kinetic and potential energy changes are neglizible. ? The thermal energy stored in the
cylinder itselfis negligible 3 Both processes are reversible.

Amalysiz (b) From the steam tables (Tables A-4 through A-§),

T) = 100°C
x'_ e ]m =+ xh, =41917+(05)2256.4) = 1547 4 Kl kg
. H.O
T, ~100°C] hy = hy = 26756 kTkg 100+C
.1 f2 =, = 25060 kTke w3
2 5, =73542k1ke K
a

=15
A=l m]u3 = 22479 kTkz
T

We take the contents of the cylinder as the systemn. This is a closed system since no mass enters or leaves.

The energy balance for this closed system can be expressad as
Ein _Eul - Mmd.nn

et rider
SNEr I Chasge in inismal, Lnctic,
Ty bacad, v, and e Fﬂ:rﬁ:l‘;h mayis

O~y = AU = miu, — 1))
For process 1-2, it redoces to
B =Ml — )= (5 EE)(2675.6-1547 kT kg = 5641kJ
(c) For process 2-3, it reduces to
T3 by = M0ty — 23} = (SEE)2506.0- 2247 V)kTkg = 1291kJ

. ...... . SN

1= 1 o 4

[-1==1 n

Lr=-1 0 n
L L ]
F 1o} 101.42 kPa |

= 15 kPa

1d - 4

Ry s

| A

L] 11 232 i1 a4 EEB -0 ] 7.7 &8 (B} 1.0



7—49 A rigid tank contains 5 kg of saturated vapor steam at
100°C. The steam is cooled to the ambient temperature of 25°C.

i{a) Sketch the process with respect to the saturation lines on
a T-v diagram.

(b) Determine the entropy change of the steam, in kIVK.

i(c) For the steam and its surroundings, determine the total
entropy change or §,., associated with this process, in kJ/K.

7-49 A rigid tank contains saturated water vapor at a specified temperamre. Steam is cooled to ambient
temperafure. The process is to be sketched and entropy changes for the steam and for the process are to be

determined.
Assumpsions 1 The kinetic and potential enerzy changes are negligible.

Amalysis (b) From the steam tables (Tables A-4 throngh A-§),

I —100°C vi=v, - 16720 kT'kg
| -
xel ]“1 -, - 2506.0 kIkg H.O
5 = 73542 klke - K 100=C
x=1
T o250 S = 0.0386 H““'-hq

=]

B ] u; =103 78 klkg
PR g S 10T KT K

The enropy change of steam is determined from
AS =mis, —5 )= (GkgWl.0T15-T354kTke - E = 31 41kNK
{c) We take the contents of the tank as the system This is 3 closed system since no mass enters or leaves
The energy balance for this closed system can be expressad as
Mn:d.:m

E -E, -
S — e e
Betercige bwnds Cluge ininlomal, kadic,

Ty b, wnik, dind i puicriml, ek energics

—Co = AT = m(u; — 1)
That is,
0 =miy —u,) = (Fkg(2506.0-193 78)kT kg =11 511kT

The total entropy change for the process is

,—as, + 2 _ 5 mm s

S MUK 2 gk
T 3

StEaMyaws

—rr—

104




7-50 Steam at 6000 kPa and 500°C enters a steady-flow
turbine. The steam expands in the turbine while doing work
until the pressure is 1000 kPa. When the pressure is 1000
kPa, 10 percent of the steam is removed from the turbine for
other uses. The remaining 90 percent of the steam continues
to expand through the turbine while doing work and leaves
the turbine at 10 kPa. The entire expansion process by the
steam through the turbine is reversible and adiabatic.

(a) Sketch the process on a T-5 diagram with respect to the
saturation lines. Be sure to label the data stales and the lines
of constant pressure.

(b) If the turbine has an isentropic efficiency of 85 percent,
what is the work done by the steam as it flows through the tur-
bine per unit mass of steam flowing into the turbine, in kJkg?

T-50 Steam expands in an adiabatic turbine. Steam leaves the mobine at two different pressures. The
process is to be sketched on a T-5 disgram and the work done by the steam per unit mass of the steam at the
inlet are to be determined.

Assumprions 1 The kinetic and potential enerzy changes are neglizible. Py =4 MPa
Amnalysis (b) From the steam tables (Tables A-4 through A-§), T, = 500-C
T, =300°C) = 3423 1 kTE P =1MPa

1 { B3 B 2 hy, = 29213 kIkg
F=GMPa| 5 =08826kIkg-E  5,=5

R

P o= 10kPa |k, = 21726 kTkg
Sym } 1, =0.831

A mass balance on the conirol volume gives B=1MPa
miy = 0.1y
ity = 0.9,
We tzke the furbine as the system, which is a S Ste dMiaras .

control volume. The energy balanca for this ]
£000 kPa 1

1000 kFa 1

10 kP2 j

steady-flow system can be expressed in the
rate form as

[E .l 2 e
5-[I‘-I-I'I3|:I-I'-]

My =, + M, where P,=10kPa

-
iy = TP, g + Tty + iy
iy = TF, g + 0 Lty = 0.9yl

——

SENENE

by =y g + 0 1hy + 000y
W, g = iy — 01k, — 0.0k,
- 34231 - (0L IH2921.3) - (BON(2179.6) = 1160 3 kTks
The actual work output per unit mass of steam at the inletis
Wiy = AWy oy = (0EF1160.3kTks) - 3929 klikg




7-53 A 50-kg copper block initially at 80°C is dropped into
an insulated tank that contains 120 L of water at 25°C. Deter-
mine the final equilibrium temperature and the total entropy
change for this process.

Water

50 kg

120 L

T-53 A hot copper block is dropped info water in an insulated tank. The final equilibrium tempersture of
the tank and the total enmopy change are to be determined.

Assumpsions 1 Both the water and the copper block are incompressible substances with constant specific
heats at room tempersture. 1 The system is ststionary snd thus the kinetic and potential energies are
negligible. 3 The tank is well-insulated and thus there is no heat transfer.

Properries The density and specific heat of water at 25°C are p = 907 I:g."m‘L and ¢, = 4.18 klkg."C. The
specific heat of copper at 27°C i ¢, = 0386 kTkg °C (Table A-3).

Amalysis We take the enfire contents of the tank water + copper block, as the f=tem. This is a closed
system since no mass crosses the system boundary during the process. The energy balance for this system
can be expressed as

Epw-Eu = AEimn

H b
el cr o Cherigge in imlerml, kinstic,
Ey haal, wink, nl mas pmu:ﬂm:n:uér;iuhh

0= AL7
aT,
AUy + AT ey = O
[me(T; — 1)), + el - 1], =0
whara

M, ey = @V = (997 kg'm’ (0120 m*) = 119.6 kg
Using specific heat values for copper and liquid water at room temperamre and substitting,
(30 kg)(0.386 kTkg - “CHT; —800°C + (1196 k24 18 KTk - “CHT; —25)°C =10
I,=27T0°C
The entropy generated during this process is determined from

L 1 30K
AS -, —= = 130kz)0386 kIkg - K =-3140kTEK

e
9K |

A5,y = mch‘].t{ %] - (119.6kg)4.18 KT %e - K
1

Thus,
A = A5+ AT, = —3.140+ 3 345 = 0.204 kJIK



7-54 A 25-kg iron block initially at 350°C is quenched in
an insulated tank that contains 100 kg of water at 18°C.
Assuming the waler that vaporizes during the process con-
denses back in the tank, determine the total entropy change
during this process.

T-54 A hot iron block is dropped info water in an insulated tank. The total entropy chanze during this
process is 1o be determined

Assumpeons 1 Both the water and the iron block are incompressible substances with constant specific
heats at room temperature. 1 The system is stationary and thus the kinetic and potenfial energies ame
negligible. 3 The tank is well-insulated and thus there is no hest ransfer. 4 The water that evaporates,
condenses back.

Properdies The specific heat of water at 25°C is ¢, = 4.18 kJkg °C. The specific heat of iron at reom
temperature is =045 kTkg “C {Table A-3).

Amnalysis We take the entire contents of the tank, water + iron block, as the sysfem. This is a closed system
since oo mass crosses the system boundary during the process. The energy balance for this system can be
expressed as

Ee-Ey = A
[ " ;
el bz Cherrgge in inlemal, kinetic,
Ty bl wah sl mss e s eergies WATER

0 =AU 18-C

m-. .
AUy + AU gy = 0

[me(Ty — 1) +[me(T;, - 5],y =0
Substituting,
(25 kZ)(0.45 KTkg - E)(T, — 350°C) + (100 ke){4.18 kTke -K)T, —15°C) = 0

T, = 2.7°C
The entmopy generated during this process is determined from
. ) . o
Ay = mm{ Ly (25 kz)0.45 kTkg - K)inl e
Y, . A
{ I (199 TK|
A5 =me, Ini |- (100 kg)4.18 kIke K - 12314KTE
s = My 11".] (100 kg ) E llnlk g )
Thus,
S = AT = A5, +AS - —8232+12314 2408 LIK

Drisenssion The resulis can be improved somewhat by using specific heats at average temperamre.



7-55 A 20-kg aluminum block initially at 200°C is brought
into contact with a 20-kg block of iron at 100°C in an insu-
lated enclosure. Dietermine the final equilibrium temperature

and the total entropy change for this process. Answers
168.4°C, 0.169 KIK

T-55 An alominum block is browght into contact with an iron block in an insulated enclosure. The Snsl
equilibrium temperaiure and the total enmopy change for this process are to be determined

Assumprions 1 Both the aluminum and the iron block are incompressible substances with constant specific
heats. 2 The system is stationary and thos the kinetic and potentizl energies are neglizible. 3 The system is
well-insulated and thus there is no heat transfer.

Properdes The specific heat of alnminom at the anticipated average temperature of 450 K is ¢, = 0973
kTkg *C. The specific heat of iron at reom temparamre (the only value available in the tablec) is £, = 0.45
kTkgz °C (Table A-3).

Amnalysis We take the iron+ahimimmn blocks as the system, which is a closed system. The energy balance
for this system can be expressed as

Ein _Eu.ll - Mlul.:ru
—— L
Ml enegy \raslier in in inzli
by, il i  poan e g oo | Almimem
0= AU 20 kg 20ks
100=C 200°C
ot
AU, +AU, =0
[Ty — T Maues + [Tz — D) =0
Substituting,

(20 kz)(0.45 kTkg - E)T, —100°C) + (20 k2)(0.973 klkg - E)NT, - 200°C) = 0

=164 CaMI4K
The total entropy change for this process is determined fom

A = wﬂﬂi L 120 ke j0.45 ke K)f HAEY ) sisum
3 : ST

A5y =me,, SEA (20 k) 0.073 kT kg -E]h:.| AR |\ 0K
L 4TIK

.

A5, =AS, £ A5 —1515-1346 - 0.160 LIK



7-57 A 50-kg iron block and a 20-kg copper block. both
initially at 80°C, are dropped into a large lake at 15°C. Ther-
mal equilibrium is established after a while as a result of heat
transfer between the blocks and the lake water. Determine the
total entropy change for this process.

LAKE 15°C

7-57 An iron block and a copper block are dropped into a large lake. The total amount of enoopy change
when both blecks cool to the lake temperature is to be determined.

Assumprions 1 Both the water and the iron block are incompressible substances with constant specific
heats at room temperatare. ! Kinetic and potentdal energies are negligible.

Properties The specific heats of iron and copper at To0m \EMPETAITeE AT Cron = 045 KTk "C an0d Coper =
0386 kIkg. ®C (Table A-3).

Amalysis The thermal-energy capacity of the lake is very large, and thus the temperatures of both the ron
and the copper blocks will drop to the lake temperatare (15°C) when the thermal equilibrium is established.
Then the entropy changes of the blocks becoms

2BRE |

{=—45T0KIE
353K |

A5, =me,, m[%}_ {50 kz)0.45 kg -E}m{
1

L . IBE
AS pper — MIE —= |- 120kg 0.386 kT kg - K --1.5T1EIE
Pt “m[ﬂj' ( E_:( =4 h{ﬁ"ﬂ]

=

We take both the iron and the copper blocks, as the
system_ This is a closed sysfem since mo mass crosses
the system boundary during the process. The energy
balance for this system can be expressed as

Ein _Eu.ll - Mﬂllﬂﬂ
e
H bt Cheange in il inzli
By I:u.. wink, sl mass ptlorizl ﬂ:‘:‘"
~Ooug = AU = AU + AU
m‘.
Qg = [molTy = T My + [T — T
Substituting,
0, = (50ke)0.45 KTke K353 - 228K + (20 ke § 0,386 klke - K353 - 282K
- 1064 kT
Thus,
A5, _% L1964 ET 6820 KIVE
Tue 282K

Then the total enmopy change for this process is
Al = A + AS e + Al = —4.579-1.571+ 6820 = 06TOEVE



7-58  An adiabatic pump is to be used to compress saturated
liquid water at 10 kPa to a pressure to 15 MPa in a reversible
manner. Determine the work input using (a) entropy data from
the compressed liquid table, (b) inlet specific volume and
pressure values, (c) average specific volume and pressure val-
ues. Also, determine the errors involved in parts () and (c).

FIGURE P7-58

T-66  Oxygen gas is compressed in a piston—cylinder device
from an initial state of 0.8 m¥/kg and 25°C to a final state of
0.1 m¥kg and 287°C. Determine the entropy change of the
oxygen during this process. Assume constant specific heats.

T-66 Oxygen gas is compressed from a specified initial state to a specified final state. The entropy change
of oxygen during this process is to be determined for the case of constant specific heats.

Assumprions At specified conditions, oxyeen can be weated as an ideal zas.
Properties The gas constant and molar mass of oxyzen are B = 02598 kIl'kz E and M = 32 kg'kmol (Table
A-T).
Analysis The constant volume specific heat of oxygen at the average temperamre iz (Table A-2)
208+ 560

e =429K — ¢, ,,, = 0.690 KTkg K

T F
Sy—5 - -:,mln—z+ﬂln—1
1 1
1.1
= (0,690 kTkg - E)In

IBE

0.1mikg
0.8 m'kg

+(02508 KTkg - K |In

- 0105 klke K



7-67 A 1.5-m’ insulated rigid tank contains 2.7 kg of car-
bon dioxide at 100 kPa. Now paddle-wheel work is done on
the system until the pressure in the tank rises to 150 kPa.
Determine the entropy change of carbon dioxide during this
process. Assume constant specific heats.  Answer: 0.719 kJ/K

T-67 An insulated tank contaims CO), zas at a specified pressure and volume A paddle-whesl in the tank
stirs the gas, and the pressure and temperature of CO; rises. The entropy change of OO0 during this process
is 1o be determined using constant specific beats.

Assumpsions At specified conditions, CO; can be weated 25 an ideal gas with constant specific heats at

oo femperature.

Praperties The specific heat of C0: is ¢,= 0.657 kl'kg K (Table A-2).

Analysiz Using the ideal gas relation, the entropy change = determined to be
RV _R T _R_150a_,

T, T, T, R 100kPa
Thus,
: { T Tl T
A mmls, -5 )mm e, -2+ Rn—= =me, In—2
=3 I:I g :ﬂ_ {"Ii .,F g Ii.

- (27 kg)0.657 kIkg - K)Inf1.5)

= 0719 EIK



T-58 An adiabatic pump is used to compress samrated liquid water in a reversible manner. The work input
is to be determined by different approaches.

Assumperons 1 Steady operating conditions exist. 2 Einetic and potential energy changes are neglizible. 3
Heat transfer to or from the fluid is negligible.

Amalysis The properties of water at the inlet and exit of the pump are (Tables A4 through A-§)
By =191 81kTkg

P =10kPa )
b o =0.6402 kTkg
=0 —0.001010m ke 15 MPa T
Py =15MPa | h; = 20690kTkz
5 =5 _L, - 0001004 m* kg ‘
. S 10 kPa
(@) Using the entropy data from the compressed liquid water table N\

Wg =iy —h = 206.90-191.81-15.10 kJ/kg
(¥) Using inlet specific volume and pressure valoes
Wwp =t (P, - F )= (0.001010 m* kg)(15,000 - 10)kPz - 15.14 kJ/kg
Error = .3%
(&) Using average specific volume and pressure vahies
Wp = Uy (P — H) = E 2(0.001010 + 0001 004) m3-'kgk1 5,000 -10)kPa = 15.10 kl/kg
Error = %4
Drisenssion The resulis show that any of the method may be nsed to calculate reversible pump work.



7-104 Steam enters an adiabatic turbine at § MPa and
J00°C with a mass flow rate of 3 kg/s and leaves at 30 kPa.
The isentropic efficiency of the turbine is 0.90. Neglecting

EMPa
500°C

==
Iluli

30 kPa

T-104 Steam emters an adisbatic turbine with an isentropic efficiency of 0.00 at a specified state with a
specified mass flow rate, and leaves at a specified pressure. The mrbine exit temperatore and power output
of the tarbine are to be determined.
Assumpiions 1 This iz 3 steady-flow process since there is no change
with time. 2 Einetic and potential energy changes are negligible. 3
The device is adiabatic and thms heat transfer is negligible.
Amglysis (@) From the steam tables (Tables A-4 through A-§),
FmBMPa | b =33005KIks
I =50°C |5 =6.7266kTkz-EK

S3g — & _
P, =30 kPa} xy, m—— '5'73:631:"‘9“1 -0.8475
& 6L
-z & .
2= My, =h, %k, =289.27 +(0.8475)2335 3) - 2268 3 kTkz

From the isentropic efficiency relation,

By —h :
M, = sy, = By, (I —hy, ) = 3399 5-(0.9)(3309.5 2268 3) - 23814 KT ke
1~ N

P, =30kPa
b, =238l 4 klkz
() There iz only one inlet and one exit, and thus H) — M, —m _ We take the scmal turbine as the system,

which iz & conirol volume since mass crosses the boundary. The energy balance for this steady-fow system
can be expressed in the rate form as

Ei.n _Ell.ll - A.E'-.m'f'] {measy) -0
[ —

e
Rate of nel sregy Ussler  Rge of change i Eieeme] kises
By heat, work, amdmuss i e e

g = Tsouea = B9.09°C

Eh - E.|m.l:
tihy =T, +1hh, (since & = Ake = Ape a0}
LAWELICELY
Subsimting,
W, . = (ke )3300.5 2381 4] kT kz - 3054 kW



T-106  Steam enters an adiabatic turbine at 7 MPa, 600°C,
and 80 m/s and leaves at 50 kPa, 150°C, and 140 m/s. If the
power output of the turbine is 6 MW, determine (@) the mass
flow rate of the steam flowing through the turbine and (&) the
isentropic efficiency of the turbine. Answers: (a) 6.95 kg's,
(b) 73.4 percent

T-104 Steam enters an adisbatic turbine at a specified state, and leaves af a specified state. The mass flow
rate of the steam and the isentropic efficiency are to be determined.

Assumprions 1 This is a steady-flow process since there is no change with time. 2 Potential energy changes
are negligible. 3 The device is adisbatic and thus heat transfer is negligible.
Amalysis (@) From the steam tables (Tables A-4 and A-§),

F=TMPa| k =3650.6kIkg

]

I =8°C |5 =T0910 kTks -K

o =30 kPa Lk, =2780.2 kTke
I, =150°C

There is oaly one inlet and one exit, and thas ) = i, = @ . We take the actal norbine as the system, which
is a control volume since mass crosses the boundary. The energy balance for this steady-flow system can
e expressed in the rate form as

E‘h _Ell.u - Elm&u nessp) -0 1

—_

—_—
Ralcof adl cnrgy bramifier  Ranz ol change in inlernal, kinesic,
ey bzl wanrk, aeed muss prrisnlial, ee. ener ey

Eﬂ - E“m.l: E mr

il + 57" 12) = W, gy + iy +F7/2) (since O = Ape w 0)
f

) i I _ gt
W -—m'ukz—.irl+¥u
1

!
Substmiing, the mass flow rate of the steam is defermined o be

(140 ms)® - (80ms)? | 1kIkg ]|

[

{
G000 kTS m—aim 2780236506+

\ 2 (1000m?/s?
=695 ks
(B} The isenmopic exit enthalpy of the steam and the power output of the isentropic urbine are
Sy — & —_
P —50kPs . r_T0910-10912 o0
. N 65018
u=a Dy, =hp s 3 =340.54 + (0.9228)2304.7) - 2467 3 KTk
and
W, = _“'-'l."’h =k + iyzz -F 13}]
i’ and P ".
) 40 sy’ — (80 m/ 1ETk
W =685 kg-'sl 2467.3 - 3650.6 - L0 me) — (B0 m's) } £ 1] |
1 2 100 m" 5" |
- B1T4EW
Then the isentropic efficiency of the urbine becomes
n -Fa SO0OEW ;247349



7-109 Q‘. Refrigerant-134a enters an adiabatic compres-

G’ sor as saturated vapor at 120 kPa at a rate of
0.3 m*min and exits at 1-MPa pressure. If the isentropic effi-
ciency of the compressor is 80 percent, determine (a) the
temperature of the refrigerant at the exit of the compressor
and (b) the power input., in kW. Also, show the process on a
T-5 diagram with respect to saturation lines.

1 MPa

R-134a
COMPRESSOR |

—

120 kPa
Sat. vapor

<>

7-109 [dizo zolved By EES on enclosed CIY] Eefngerant-134a enters an adiabatic compressor with an
isentrepic efficiency of 0.80 at a specified state with a specified volume flow rate, and leaves at a specified
pressure. The compressor exit temperature and power input to the compressor are to be determuned.
Assumprions 1 This is a steady-flow process smce there 15 no change with ime. 2 Kmnetic and potential
energy changes are neglipible. 3 The device 15 adiabate and thus heat transfer 15 neglipible.

Analysis (a) From the refrigerant tables (Tables A-11E through A-13E), 2

=h_, =23697 kI'k
R=120kpa] | a0 :
:l 5= ‘s,gn'glj[l Py = 0.5477% H"‘kg K

sat. v

T = v = 016212 m ke

P, =1MPa ]

by, =281.21KTkg

2250 J

From the 1sentropic efficiency relaton, 1
by, — : .\
n.= ﬁ—) P, =M +ihy, =W im_ =23697+(281.21- 23697 )0.80 =292 26 kIkg
1a :

Thus,

B, =1MPa ]

| T,, =58.9°C
hyy = 292.26 kTkg |

(b) The mass flow rate of the refiigerant 15 determined from

V,  03/60ms
M=—b=——— = 00308 ks
v 0168212 m7 ke
There 1= only one inlet and one exit, and thus my = n, = m . We take the actual compressor as the system,
which 15 a control volume since mass crosses the boundary. The energy balance for this steadv-flow system
can be expressed as

. . . S0 (smady)
Eo-E, = AE 709 =g

Fate of zat anargy transfar mi inati

h']hﬂ't.u:mk. and ma MWEW'

'E:in = 'EI'.'l:It
Wy + iy =mhy (since O = Ake = Ape = 0)
Wom=mihy — k)
Substituting, the power input to the compressor becomes,
W, = (0.0308 kg/=)292.26 - 236 9T kTkg = 1.70 kW



7-119  Steam enters an adiabatic turbine steadily at 7 MPa,
500°C, and 45 m/s. and leaves at 100 kPa and 75 m/s. If the
power output of the turbine is 5 MW and the isentropic effi-
ciency is 77 percent, determine (a) the mass flow rate of
steam through the turbine, (/) the temperature at the turbine
exit, and (c) the rate of entropy generation during this process.

Steam, 7T MPa
S00°C, 45 mifs

l

100 kPa
75 ms

T-104 Steam enters an adiabatic marbine at 3 specified state, and leaves at & specified state. The mass flow
rate of the steam and the isentropic efficiency are to be determined.

Assumpiions 1 This is a steady-flow process since there is no change with time. ? Potential energy changes
are neglizible. 3 The device is adisbatic and thus heat transfer is negligible.
Analysts (@) From the steam tables (Tables A-4 and A-6),
B -7TMPa]| k =3650.5kTkg
3
I =6°C |5 =T.0010 kTks - K
=50kPa |
£ _ }hy, = 27802 K1kE
I, =150°C |
There is only cne inlet and one exit, and thus My =M, = m. We take the actoal torbine as the system, which
is 2 conmtrol volume simce mass crosses the boundary. The energy balance for this steady-flow system can
be expressed in the rate form as
Bu-Eu = 85,7 _g 1
[ —

S —
Rateof ool cnergy b Raie of chenge in mieeml kinets:,
ey haal, work, sl mss peienlial, el oner ey

E =-E_ 6 MW
Halhy + 7 (2) = T, o + ity +7772) (since © & Ape a 0)
] W

Aol

i
W, o =10y — iy +
L

i

Subsdtuting, the mass flow rate of the steam is detenmined to be

{ $0m's)? - @0ms) [ 1kTkg )
6000 kT/s = il 2780.2 - 3650.6+ oo /s)” — @B0ms)” | £ ]
(N

2 | 1000 m?/s?

mit = 6.95 kg's
(%) The isenmopic exit enthalpy of the steam and the power ontput of the 1sentropic turbine are

S — 8 L -1
P, —50kDa ¥, = r TO810-10912 4 gr0g
. iy 6.5010
2 Dy by b g = 340,54+ (0.9228)2304.7) = 2467.3 KT kg
and
L _“'-'l."’z. =+ iyzz -F :lz}.l
i . ] Ll s k!
. 40 m's)® — (80 m 1kTk
W, = —16.95 kg-'sj 24673 —-3650.6.+ L0 ) — (B0 m) | £ 2] |
| 2 10 m=s"
- B1T4EW
Then the isentropic efficiency of the mrbine becomes
'H.? r
_F. _SOOOEW 3493406

s W, BIT4EW



7-161 Determine the work input and entropy generation
during the compression of steam from 100 kPa to 1 MPa in

| MPa | MPa

100 kPa

100 kPa

T7-161 The work input and the enTopy generation are to be determined for the compression of samrated
liguid water in & pump and that of saturated vapor in a compressor.

Assumprions 1 Steady operating conditions exist. 2 Einetic and potential energy changes are neglizible. 3
Heat mansfer to or from the fluid is zero.

Amnglysts Pump Analysis: (Properties are obtained from EES)

= 100 kP =41751kTK =1MPa ] 1MFPa T
A 2 & £ £ Ly, = 41845 KT ke
X - D{sathq.jj 5 =13028 kIkg K I3 =5 || ‘

By — 418.45-41751
I T hy =417.51 +T-413.ﬁlk_ﬂ:g 100 kPa
T :
—_|

P, -1MTa
: }:2 -13032kTke K
hy = 41861k kg |

Wp = liy —fy = 41861 - 417.51 =110 kJikg

fpap =5y — 5 = 13031 -1.3028 - 0.0004 kJ/kg K

Compressor Analysis:

-100kPa | A =26750kTk ~1MPs
A | = A ]nh -3193.6kTkz

¥, —l(satvap)| 5, — 73580 KIkzK  1-5, 1 MPa
Fray o 3103 6-2675.0
by =iy 42 g0 Y shes 1kTke
e 0es Compresso
P, =1MPa

l5y = TA9T4RTK
hy =3285.1kTkg| 2 =R 100 kPa

W =Ry — Ry =3285.1-2675.0 - 610 1kJkg

S =5y =5y = 7497473580 = 0.1384 kJkg K



7-162 A rigid tank contains 1.5 kg of water at 120°C and
500 kPa. Now 22 kI of shaft work is done on the system and
the final temperature in the tank is 95°C. If the entropy change
of water is zero and the surroundings are at 15°C, determine
(@) the final pressure in the tank, (b) the amount of heat
transfer between the tank and the surroundings, and (c) the
entropy generation during this process.  Answers: (a) 84.6 kPa,
(bh 38.5 kJ, (ch 0.134 kI/K

T-161 A paddle wheel does work on the water contained in a rigid tank. For a zero eniropy change of
water, the final pressure in the tank, the amount of heat ransfer between the tank and the surroundings, and
the entropy generation during the process are to be determined.
Assumprions The tank is stationary and the kinetic and potential energy changes are neglizible.
Amnalysts (@) Using satmarated liquid properties for the compressed liquid at the mitial state (Table A-4)

I =120°C ]u1 = 503.60 k]kg

x; =0(satlig)| 5 =1.5270 KTz K
. Water W
The entropy change of water is zeto, and thus at the final state we have 120°C
T =05°C | P, =84 BkPa 500 kPa
5, =5 =152T0 KTk g.K_] u, =402 63 kT

(¥} The heat ransfer can be determined fom an enersy balance on the tank
O = Fpp i — My —u) ) = 22ET— (1.5 kz)(492.63 - 503.60)kT kg - 3B 5 kJ

() Since the entropy change of water is zero, the entropy generation is only due to the entropy increase of
the surmoundings, which is determined from

S ————— | . T Y9 1) 4



7-164 A 0.8-m’ rigid tank contains carbon dioxide (CO,)
gas at 250 K and 100 kPa. A 500-W electric resistance heater
placed in the tank is now turned on and kept on for 40 min
after which the pressure of CO, is measured to be 175 kPa.
Assuming the surroundings to be at 300 K and using constant
specific heats, determine (a) the final temperature of CO,,
i) the net amount of heat transfer from the tank, and () the
entropy generation during this process.

co, -
250K { W,
00KPa S| "

T7-164 An eleciric resistance heater iz doing work on carbon dioxide contained an a nigid tank. The final
temperature in the tank, the amount of heat transfer, and the sntropy generation are o be determined.
Assumprions 1 Kinstic and potentizl energy changes are neglizible. ? Carbon dioxide 15 ideal gas with
constant specific heats at room temperature.

Properties The properties of €0, at an anticipated average temperanme of 330 K are B = 01889
tPa.m‘L:lgE_ €= 0895 kIkp K. ¢, =0.706 kIkg K (Table A-Ib).
Analysiz (a) The mass and the final temperamre of CO;

may be determined from ideal gas equation =
3 ) W
m AV (100 kPa)(0.Em™) 1.694 ke 250 K =
ATy (0.1889 kPa -ma-’kg -K)250 K) ' 100 kFa
T - By _ (175kPa){0.Em™) —4IT 5K

TomR o (1.604kg)0.1880 kPa -ma-'kg -K)
(&) The amount of heat transfer may be determined from an enerzy balance on the system
Oos — £ 0 A7 —mc, (T; - T})
- (0.5 EW)40 = 60 5) - (1694 kg)(0. 706 KT kg E)(437.5 - 250)E - 975.8 kJ
(¢} The entopy generation associated with this process may be obmined by caloulating tofal entropy
chanpe which is the sum of the entropy changes of CO; and the surmoundings

| T B
5yen = ASpn + A5, = mi £, -Rln— oL
L n -
r 4375E 175kPa] 975.8K7
= (1.694kg) (0.895 kIkz K)ln — (01889 KTk EDln +
( g}'_': R T I;Pa] 30K

=392 kK



7-166 Refrigerant-134a enters a compressor as a saturated
vapor at 200 kPa at a rate of 0.03 m*/s and leaves at 700 kPa.
The power input to the compressor is 10 kKW, If the surround-
ings at 20°C experience an entropy increase of 0.0083 kKW/K,
determine (@) the rate of heat loss from the compressor,
(b)) the exit temperature of the refrigerant, and (c) the rate of
entropy generation.

T-166 Fefrizerant-134a s compressed in a compressor. The rate of heat loss from the compressor, the exdit
temperaure of F-134a, and the rate of entropy generation are to be determined.

Assumprions 1 Steady operating conditions exist 2 Kinetic and potential energy changes are neglizible.
Amalysis (a) The properties of B-134a at the inlst of the compressor are (Tabls A-12)

P, =200kPa

x =1

iy = 244 461 ke Q 700kPa

} vy = 009987 m kg
Y5 =093773kIkz K

The mass flow rate of the refrigerant is

- = LA ks
v 000087 mi kg R-1243
. ) . 200 kPa
Given the entropy increase of the surroundings, the heat sat. vap
lost from the compressor is . |
AS = ?—"—p O =T AS  =(20+2T3E)(0008 EW/E) = 2.344 kW

(%) An energy balance on the compressor gives
Fia — Qo = fir(lny — i)
10EW - 2344 EW = (03004 kg/s)h, - 244 40 kI kg —— by = 260804 kTkg
The exit state is now fixed Then,
P, =T00kPa '|T1-31.5“C
By - 26884 I:.T.-tg_ll 5y = 0.83620 Kk K
() The entropy generation associated with this process may be obtained by adding the entropy change of
E-134a as it flows in the compressor and the entropy change of the surroundings
Sh =ASy +A% =5, - 50+ A5
- (03004 kg/s)(0.93620 - 0.93773) kIkg K + D.00BEW/E
= 0.00754 kJ/IK



7-167  Air at 500 kPa and 400 K enters an adiabatic nozzle
at a velocity of 30 m/s and leaves at 300 kPa and 350 K.
Using variable specific heats. determine (a) the isentropic effi-
ciency, (b) the exit velocity, and (¢) the entropy generation.

Air

S00 kPa 300 kPa
400 K 30K
30 mfs

T-167 Air flows in an sdisbatic nozzle. The isenmopic eficiency, the exit velocity, and the entropy

ZeneTation are to be determined.

Properdies The zas constant of air is R = 0.287 kT'kz K (Table A-1).

Assumpiions 1 Seady operating conditions exist 2 Potentizl energy changes are negligible.

Amalysis (@) () Using variable specific heats, the properties can be determined from air table as follows
Byom 40005 kT kE

T =400 K —s & =199194 KIkgK i X
300 kPa

P =3.806 500 kPa

N fi, = 35049 kTkz 400 K > 350 K
n=350E —— _ a0 mis
5y = LESTOE Klkg K

F 300 kPa |
Ly —— {3.806) = 22836 — = by, = 34631 kTkg
F 500 kPa
Energy balances on the control volume for the acmal and iseniropic processes give
2 2
ne e
I0mis)? | 1kTE FR O1kDk
400 08 k7kg + S0 [ TETRE | 55p sgupmz .2l HEE )
2 LI00mTs” ) 2 0.1000m" /s )
F, =319 1mis
¥ ¥l

ALon B

Gomey' | 1kIkg | 3463117k + Vil 1klkg
L1000m®s® ) 2 | 1000m®s® )

Py =3318ms

40098 kTke +

The isentropic efficiency is determined from its definition,

Fi o o31o0ms)’

FioE3lsms’

() Since the nozzle is adiabatic, the enwopy generation is equal to the entropy increase of the air as it
flows in the nozzle

-Ar, -sE—;{'—RLui
; A

= (185708 - 1991941k kg E — (0.287 kT kz K)jln

T
300kPa
500kPa

= 00118 klkg. K



7-175 Steam at 6 MPa and 500°C enters a two-stage adia-
batic turbine at a rate of 15 kg/s. Ten percent of the steam is
extracted at the end of the first stage at a pressure of 1.2 MPa
for other use. The remainder of the steam is further expanded
in the second stage and leaves the turbine at 20 kPa. Deter-
mine the power output of the turbine, assuming (a) the
process is reversible and (p) the turbine has an isentropic effi-
ciency of 88 percent. Answers: (3) 16,291 kW, (b) 14,336 kW

\_STEAM
TURREINE
(1st stage)

T-175 Steam expands in 8 two-stage adiabatic turbine from a specified state to specified pressure. Some
steam is extracted at the end of the first stage. The power output of the mrbine is to be determined for the
cases of 100/ and 88% isentropic eficiencies.
Assumprions 1 This is a steady-flow process since there is no change with time. } Einetic and potentdal
energy changes are negligibla. 3 The marbine s adisbatc and thus heat wansfer 12 negligtble.
Properties From the steam tables {Tables A4 through &)

A =GMPa } By = 3423 1ETkg

I =5M°C | 5 = G6.8820 Kl kg -E

P, o=12MPa )

. By = 2962 8KT kg

Fy w3 |
Sy =3y G.EE26- 08320
| Sy 70752 .

By, = iy o+ g My = 25142 +(0.8552 2357 5) = 22675 kTkg

- (8552

P, = 20KkPa ] %, =

53 =5

Amalysis (@) The mass flow rate through the second stage is
=080, =(00)15ke's)=13.5kgs

We take the entire turbine, inchiding the connection part
betwesn the two stages, as the system, which is a
conirol volume since mass crosses the boundary. Noting
that one flnid soeam enters the mobine and two fnid
smeams leave, the energy balance for this steady-flow
system can be expressed in the rate form as

Ein _Euu - -ﬁrumcm sl =0

[ —

O —
Raicol nel sy bmsler  Rage ol change in inleresl, kincs:
By hcl, ek, mend i prEnEl, cle. cer ey

'E-n - L.'nu:
iy = (o — My + T+l
¥ s = Ty — (ot — s Dy — oy
= (i — b} + iz (h — )
Substmiing, the power owiput of the turbine is
W, =(15kgs)3423.1- 2062 8kTkg +(13.5 kz){1062.8— 2267.5 kT kg - 16,201 kW
(B} If the turbine has an adiabatic efficiency of 88%, then the power output becomes
W, = n 7, = (0.82)(16.201 KW ) - 14,336 LW



7-176 Steam enters a two-stage adiabatic turbine at § MPa
and 550°C. It expands in the first stage to a pressure of 2
MPa. Then steam is reheated at constant pressure to 330°C
before it is expanded in a second stage to a pressure of 200
kPa. The power output of the turbine is 80 MW. Assuming an
isentropic efficiency of 84 percent for each stage of the tur-
bine. determine the required mass flow rate of steam. Also,
show the process on a T-s diagram with respect to saturation
lines. Answer: 85.8 kg's

T-176 Steam expands in an 34% efficient two-stage adisbatic mrbine from a specified state to 3 specified
pressure. Steam is reheated between the stages. For a given power output, the mass flow rate of steam
through the rbine is to be determined

Assumprions 1 This is a steady-flow process since there is no change with time. 2 EKinetic and potential
eneTgy changes are negligible. 3 The murbine is adiabatc and thus heat mansfer 15 negligibla.

Properties From the steam tables (Tables A4 through &)

B -fMPa | by =35218kTkg
T, =550°C |1, —6.8800 kIkz-K

Py, =1 MPa

Ha, =3080.7 kIK
Sy =3 ] 25 =3 g

E ds0MW
P =2MPa | k; =3579.0 klikg

3
T, =550°C |5, =75T25 ke K

P, -200kPa)
|y, = 20017 kTkg
Sy =13

Amnalysis The power owpat of the actual marbine is given to be 80 MW. Then the power output for the
isenfropic operation becomes

W‘m - H'T_M {1y = (30,000 KW)/ 084 = 83240 KW
We take the enfire turbine, excluding the reheat section, as the system, which is a conirol vohmme since
mass crosses the boundary. The enerzy balance for this steady-flow system in isentropic operation can be
expressed in the rate form as

. . . o
E -E, = aAf Ul _y
R of aelenergy Ul Rap of chenge i —
By e, o, sl msae "'Ft,h'f::m"'“:hm
Eh - Em.l

il + i - ity i T

W, o = RICR — By DRy —hg, 0]
Substmuting,
05 240K - n'![{?rﬂ 1.8 -3080. T)kI'kg + (35780 — 200 1."."Jk_T-'kg]
which gives
m=-858ke's



7-177 Refrigerant-134a at 140 kPa and —10°C is com-
pressed by an adiabatic 0.7-k'W compressor to an exit state of
700 kPa and 50°C. Neglecting the changes in kinetic and
potential energies, determine (a) the isentropic efficiency of
the compressor, (b) the volume flow rate of the refrigerant at
the compressor inlet, in L/min, and () the maximum volume
flow rate at the inlet conditions that this adiabatic 0.7-kW
compressor can handle without violating the second law.

T-177 Befrigerant-134a is compressed by a 0.7-k'W adisbatic compressor from a specified state to another
specified state. The isentropic efficiency, the volume flow rate at the inlet, and the maximmum flow rate at
the compressor inlet are to be defermined.
Assumprions 1 This is a steady-flow process since there is no change with time. 2 EKinetic and potential
eneTgy changes are negligtble. 3 The device is adiabatic and thus heat ansfer is negligible.
Properties From the B-134a tables (Tables A-11 throngh A-13)
- 0.14605 m* &
B -140kPa | ! e
: 10c | hy = 24636 kTkg
1= J 5 =00724 KTk K
Py = T0) kP2

B, = 288.53 kI'kg
I =50°C |

P, =00 kPa

]‘l’u =281.16 kTkz
Sy =5y J

Amnalysis (3) The izeniropic efficiency is determined from its definition,

oy —hy 2811624636

- - 0.525-82.5%
hay —hy  288.53— 24636

fc

(&) There is only one inlet and one exit, and thus My =M, — M. We take the actual compressor as the
system, which is a control volome. The energy balance for this steady-flow system can be expressed as

. . . #0 (messty)
Ei.n _Euu - -ﬁEum =0
— L

Rz of netenergy eafer  Raieol change in mierasl kisss:

By heat, work, ard mass polenlinl ele emer e

E:: = Em.l:

W,y +hy = rithy  (since O a dbe « dpe « 0)

Wy = iy — )
Then the mass and volume flow rates of the refrigerant are determined to be

.. 0.7 kT's
Fag—hy (28853 - 24636 kTkz
U = vy = (0.0166 kz's0.14505 m’ &z |- 0.00242 m's = 145 Limin
() The volume flow rate will be a maximnm when the process is isentropic, and it is determined similarly
from the steady-flow enerzy equation applied to the isentropic process. It gives
Fin 0.7 kJfs
By —ly (2811624636 kIkg
P s = M = (0.0201 ks 014605 m3-'kg_]- 0.00284 m*'s =176 Limin

Tl -

= 00166 kg's

L]

= 00201 kg's

Diseussion Mote that the raising the isentropic efficiency of the compressor to 100% would increase the
volumetric flow rate by more than 20%.



7-179 », An adiabatic air compressor is to be powered
by a direct-coupled adiabatic steam turbine
that is also driving a generator. Steam enters the turbine at

12.5 MPa and 500°C at a rate of 25 kg/s and exits at 10 kPa
and a quality of 0.92. Air enters the compressor at 98 kPa and
295 K at a rate of 10 kg/s and exits at 1 MPa and 620 K.
Determine (a) the net power delivered to the generator by the
turbine and (b) the rate of entropy generation within the tur-
bine and the compressor during this process.

1 MPa 12.5 MPa
620 K 500°C

0% kPa 10kPa
205K

T-179 Ldiso sohved by EES on enclosed CD] An adiabatic compressor is powered by a direct-coupled steam
murbine, which also drives a penerator. The net power delivered to the generator and the rate of entropy
generation are to be determined.
Assumpeions 1 This is a steady-flow process since there is no change with time. 2 Einetic and potental
energy changes are negligible. 3 The devices are adiabadc and thos heat oansfer is negligible. 4 Airis an
ideal gas with varisble specific heats.
Properties The gas constant of air is £ = 0.287 kl'kg K (Table A-1). From the steam tables (Tables A-4
through &) and air table (Table A-1T),

I =205 K —— by = 20517 kTkg, 5 =1L6B515 KTk -K

I =620E —s by = 822.07 klkgz, 55 = 244356 klks K

B =125MPa | by =3343.6k1kz

I,-500°C [z, -64651kTke-E

P, =10kPa ] By = by +xghy = 19181+ (0.02)2302.1) - 2392 5 KTke
%, =082 |5 =5, 430, =0.6402-(0.02]7.4596) - 75480 K]kz ‘K

Analysis There is only one inlet and one exit for either device, and thus my, = = _ We take either
the mrbine or the compressor as the system, which is a control volume since mass crosses the boundary.
The energy balance for either steady-fow system can be expressad in the rate form as

. . . 0 (=i . .

E —-E_, - AE - = E =E s
I — e 115 MPa

Raiz ol net sy bmmoder gz of dnge in mterml binca:,

Ty hizal, winek, arad s poletial eie. cnesgica

For the turbine and the it bec
or COmMPTessor i omes Steam

Harhin

Compressor: “?.-uq._n ol ik — #’-mp in = Mgy U1y — )

Turbine: ’i‘tnba-#nub_nw*'fhmkd —* Fu:‘bu:-mﬁm(ba_b-l-j

Substinting, kR
) ) R
W = (10 k' J628.07 — 205 17 KTk - 3320 kW 10kPa

Pt o = 125 g5 (33436 - 2382 5 kT kz = 23,777 kW

Therafore, Woas ot = Wt = Wi = 23,777 — 3328 = 20,448 KW

Woting that the system is adiabatic, the total rate of entropy change (or generation) during this process is
the sum of the enoopy changes of both fluids,

Sgen = T (53— 51+ Mg (55 — 53)

wherea
i A1
_ ¢ R Py
”'::'FJ_'71.:"”‘1 53—5 —Rln—=
\ 8

1000 kPa |
- |k.T-’kg K =08 KWE
08 kPa

r

=10 kg:s:{ 244356 -1.68515 - 0.28TIn
LY

il (54 — 53 ) = (25 kig's [7.5480 - 64651 T kg - K = 271 EWE



Substimuting, the total rate of entropy zeneration is determined to be
S = S o + Spr et = 092427 1= 2602 KWK

T-182 The explosion of a hot water tank in a school in
Spencer, Oklahoma, in 1982 killed 7 people while injuring 33
others.  Although the number of such explosions has
decreased dramatically since the development of the ASME
Pressure Vessel Code, which requires the tanks to be designed
to withstand four times the normal operating pressures, they
still occur as a result of the failure of the pressure relief
valves and thermostats. When a tank filled with a high-
pressure and high-temperature liquid ruptures, the sudden
drop of the pressure of the liquid to the atmospheric level
causes part of the liguid to flash into vapor, and thus 1o expe-
rience a huge rise in its volume. The resulting pressure wave
that propagates rapidly can cause considerable damage.

Considering that the pressurized liguid in the tank eventu-
ally reaches equilibrium with its surroundings shortly after
the explosion, the work that a pressunized liguid would do if
allowed to expand reversibly and adiabatically to the pressure
of the surroundings can be vicwed as the explosive energy of
the pressunzed liquid. Because of the very short tme penod
of the explosion and the apparent calm afterward, the explo-
sion process can be considered to be adiabatic with no
changes in kinetic and potential energies and no mixing with
the air.

Consider a B0-L hot-water tank that has & working pressure
of 0.5 MPa. As a result of some malfunction, the pressure in
the tank riscs to 2 MPa, at which point the tank explodes.
Taking the atmospheric pressure 1o be 100 kPa and assuming
the liguid in the tank to be saturated at the time of explosion,
determine the total explosion energy of the tank in terms of
the TNT eguivalence. (The explosion energy of TNT is about
3250 klikg, and 5 kg of TNT can ceuse total destruction of
unreinforced structures within about a 7-m radius.)  Answer:
1.972 kg TNT




T7-181 The pressure in a hot water tank nses to 2 MPa, and the tank explodes. The explosion enerzy of the
water is to be determined, and expressad in terms of its THT equivalence.
Assumprions 1 The expansion process during explosion is isemmopic. I Kinetic and potential energy
changes are neglizible. 3 Heat transfar with the surroundings during explosion is neglizible.
Properties The explosion energy of TWT is 3250 kJkz From the steam tables (Tables A-4 thromgh §)

Uy =Vrga s = 0.001177 m* ke

fi=2 906.12 KTk
Uy =N gz = 004612 kT
cat liouid b= Uraz Mrs g
5 = Srgapps = 24467 kTRz-E
P, =100 EPa)|uy = 41740, ny —2088.2kTke Water
[ : Tank
5y =0 J5;=13028, 15 =-60562kIkg-E 2 MPa

Sp=8p 24467 -1.3028
60562

= [.188¢

X, -
i
y =1y + Xl = 41740+ (0.1889)(2088 2 ) = 811 83 kIkg
Amnglysts We idealize the water tank as a closed system that undergoes a reversible adisbatic process with
negligible changes in kinetic and potential energies. The work done during this idealized process represents
the explosive energy of the tank, and is determined from the closed system energy balance to be
Ep-Eu = AL v
.

B -
et encigy s Change in intemal, knetic,
Ty b, Al s izl S energie

= Wy = AL = ity =14}

E e =W = mily =ity )
v 0.080 m’
whare Mo _§7.00 ke
ty 0001177 m kg
Substfuting, E_, -(67.99kg)906.12-811 83Tk - 6410 k7

7-187 Heat is transferred steadily to boiling water in the
pan through its flat bottom at & rate of 500 W. If the tempera-
tures of the inner and outer surfaces of the bottom of the tank

are [4°C and 105°C, respectively, determine the rate of
entropy gencration within bottom of the pan, 1n W/K.

AL



T-187 Heat is transfemed steadily to boiling water in a pan through its bottom The rate of entropy
zeneration within the bottom plate is to be determined.

Assumprions Steady operating conditions exist since the surface temperatures of the pan remain constant at
the specified values.

Amalysts We take the bottom of the pan to be the system,

which is a closed system Under steady conditions, the rate
form of the entropy balance for this system cam be
expressed as
. _ . . 40 104=C
Su-Sun  + S =ASpe™ -0 rd
Rateal acl enteogy irmales H‘.l.:?-:_rpﬂxp m
hl:l-:dm.nl . pemEraion ol entrigry S00W
Ou  CBou -0 105=C
S P
MW 0w . : o
R R FE s =0 ¥ e = MWK

Discussion MNote that there is a small temperature drop across the botiom of the pan, and thos a small
amount of entropy generation.

T-188 A 1200-W electric resistance heating element whose
diameter 1s L3 cm is immersed in 40 kg of water ininially at
20°C. Assuming the water container 1s wellinsulated, deter-
mine how long it will take for this heater to rase the water
temperature to 50°C. Also, determine the entropy generated
dunng this process, in kI/K.



T-188 An eleciric resistance heater is immersed in water. The time it will take for the electric heater to raise
the water temperamre to 3 specified femperatre and the entropy gensrated during this process are to be
determined

Assumprions 1 Water is an incompressible substance with constant specific heats. 2 The energy stored in
the container itself and the heater is negligible. 3 Heat loss from the container is negligible.

Praperties The specific heat of water at room temperamre is ¢ = 4. 18 kT'kg-"C (Table A-3).

Amalysis Taking the water in the container as the system, which is a closed system, the enerzy balance can
be expressed as

E:: - Elu‘! - JE

E =]

——— . [P
o = (AL} ey 40kg -
W, A= me(Ty =T e ;
Substmting, A=) Femer %
(1200 Tis)At = (40 kg){(4180 Tkg-*C)(50 - 200°C ’ i
Solving for At gives

Ar=4180:=60Tmin=116h

Apain we take the water in the tank o be the system. MNoting that no heat or mass crosses the boundaries of
this system and the energy and entropy contents of the bheater are neglizible, the entropy balance for it can
be expressed as
Sn _Smt + S;:n - ‘ﬁslm
— - i i
Nogen pmie Ewn | Oy

0+ 5y = A5 e
Therefore, the entropy generated during this process is

J23E
MERE

=163 EIVK

T .
Sgem = AS e = MC m?f-m kzl418kTke K |ln

T-189 A hot-water pipe at 80°C s losing heat to the sur-
rounding air at 3°C at a rate of 2200 W. Dietermine the rate of
entropy generation in the surrounding air, in W/K.

T-189 A hot water pipe at 8 specified tempersture is losing heat to the swrounding air at a specified rate.
The rate of entropy generation in the surrounding air due to this heat Tansfer are to be determined
Assumprions Steady operating conditions exist

Amalysts We take the air in the vicinity of the pipe (exchiding the pipe) as our system, which is a closed
system.. The system extends from the outer surface of the pipe to a distance at which the temperamire drops

o the sumoundings temperature. In steady operation, the rate form of the entropy balance for this system
can be expressed as

I":}in - §w| + IS;,:n - ﬂ“hﬂﬂ =10
— — : ~— BlIPC
Rats ol act cnteogy ramales h:lu?nmw Rae ol change
Ty bt ndd masi JE—— o entrpy
. . —_—

6o _Gu C 9
Ou Qo .o =
Too Toow = g

2200 W 1200 W

+
33E 2K e

v =0 = S 168 WK

7-1%0) In large steam power planis, the feedwater is fre-
quently heated in closed feedwater heaters, which are basi-
cally heat exchangers, by stcam extracted from the turbine at
some stage. Steam enters the feedwater heater at 1| MPa and
200PC and leaves as saturated liquid at the same pressure.
Feedwater enters the heater at 2.5 MPa and 50°C and leaves
10°C below the exit temperature of the steam. Neglecting any
heat losses from the owter surfaces of the heater, determine
() the ratio of the mass flow rates of the extracted steam and
the: feedwater heater and (F) the total entropy change for this
process per unit mass of the feedwater.



7-19) The focdarater of 2 veam powar plant is preheated using steam wxtracted from the tarbime. The mtic
of the mass fowr rates of the sxtactd stam to the feedwater and extropy Eessration per wmit rmss of
fesdwrater are to be deterzmingd.

Armrmprions 1 This = a smady-fow procass since there it no change atth e, 2 Kinetic and petantial
snergy changes are neglizible. 3 Heat bows from the device to the sumoundings is negligible.

Properties Tha propesties of steam and fesdwater ame (Tables A% through A-§)

B -IH{P‘a} by = 28283 kTEg

T =200°C | 5, = 55955 k1kg-E Sizmm + 18P
fom maC

P o1 MPa by =B g = 76251 kP kg lrhme _—
;Eq;ﬂ }J::-sl,wm*-!.]lt]k]-'l;-f{ L P M)

) T, =1TREE™C 15
Py o= 25 M ] fy "'"'_rgu-n: = 200 32 kg
Ty =50"C Sy - BUTORE KDk K

3 - 1 (D -+
P, =25MF by @ *rﬁ_:m:'i: = 71808 kFkg
Ty=Tp -0 CalT’C | fa 85 e = 20817 KR K ¥
Anatysis (3) We take the beat wxchanger as the wysteos, which is a comtrol 6]
wvoleme. The ma 2nd cxerpy balamcos for this swady-flow syasm can be sai Thaidd
sxpressed in the e form as followrs:
Mazy balanee (for each fluid stream):

s i m e, TS LD, e i m, and W e,
Erergy balarce (for the beat axckangar):
E -E - AE Ly

m T
[ S

(s o |
Famicl smwar gy T’ S ol
BLLTRRIDT el e

[ -
gl + ol = iohy + oy (smce (= B = dke w dpea )
Comhining tha fwn, s [y =iy o [y = By |

. . om, hy—hRy  (T19.0B— 20834 klkg
Dividing by wr,, and wbstitsting, —— =—3 - ; 0247
by W, M-k, (288.3-762.91)kTks

(B) The total sotropy change (or soopy generation)) during this process per unit mass of feedwater can be
determingd from an extropy balance expressed in the rate form
Bp=f  + S =Af a0

e —
P o gt oy TRmB  Raofspgopy  Fam of g
by bl ] i o] af avErps

s 5y =y H ey g+ =
#, (5, — 5y ) +a g (5, =0, )45 =0
2o B g s (s, — o e (0247021380 - 6.6056)+ (2.0417 - 0.7038)
Wy B
= 0213 ENK par kg of fosdwats



T-19% A passive solar house that is losing heat to the out-
doors at 3°C at an average rate of 30,000 k' is maintained
at 22°C at all imes during a winter night for 10 h. The house
15 to be heated by 30 glass containers, each contmning 20 L
of water that is heated to 80°C dunng the day by absorbing
solar energy. A thermostat controlled 15 kW backup electnic
resistance heater tums on whenever necessary to keep the
house at 22°C. Determine how long the electric heating sys-
tem was on that night and the amount of entropy penerated
during the night.

7.196 Tha hoating of a passive solar howss 2t might is to be assited by solar hoared wansr. The langth of
tme that the electnic beating system woeld mun that night and the amount of enropy geoeraed that might
ars to be deterzoingd.
Asswmeptiens 1 Water is 2 meooppressible sabstancs with constmot specific beats. ¥ The snsegy shorsd in
the glass containers thepwalves v megligible melative to the encrgy stomed in water. 3 The houss is
mantined at 22°C at all toees.
The density and specific beat of water at room meperatoms are p = 1 kgl and « = 418
Elkg-"C (Tabls A-3).
Analysic The total mass of waner is
o= ot (Ll LY 505 20 L) m 1000 kg
Taking the contents of the house, inclnding dwe water as our system, the smargy balance mlation cam be
WTithan as
FaFm = A 50,005 LI
[
e .
l.‘l.l _lll.}ﬂl =4 - [ﬂ'r" }lnl: +{M"I:|i:
-{ir" war
-.H:I:I:—'F:':I“

Wt = Oy = [T = T} Ve
Substiuting,

(15 KTk - {50,000 kTR)(10 B) = (1000 kg 15 kTkg-"C)22 - BOY"C
It gives

A=171T0:=4TTh

We tako the houss x the systam, which is a closed sysiemn. The cxtropy genorated dering dhis procass is
immediaie smroundmgs so that e boundary empesature of the erended syvvm & the operaiome of the
serroumdings ar all times. The sotropy balancs for the cmended systeny can be axpressed as

- A%

since the state of air in the homse remadns emchanged Then the entropy gensrated during the 10-h pariod
thaat might is

- o
jju .‘\.‘-_ E'-n —|B|£|.I1—i| IE":m
T‘h:v- E

1 EDSE 00,000 kT
= (1000 kg I+ 1Bk kg-Efln —— ~—————
¢ k=l k2 hiSSK IME

= =TH}+1E11= 1061 EIK



T-198  Aur enters the evaporator section of a window air
conditioner at 100 kPa and 27°C with a volume flow rate of 6
m*/min. The refnigerant-134a at 120 kPa with a quality of 0.3
enters the evaporator at a rate of 2 kg/min and leaves as satu-
rated vapor at the same pressure. Determine the exit tempera-
ture of the air and the rate of entropy generation for this
process, assuming (a) the outer surfaces of the air conditoner
are insulated and (5) heat 15 transferred o the evaporator of
the air conditioner from the surrounding medium at 32°C at a
rate of 30 klmin. Answers: (3 —159°C, 000193 kWK,
(b)) —11.6°C, D.00223 kW/K

b

FIGURE P7-198

7-198 Radfrigamant-134a & vaponzed by air in the svapomater of an ar-conditonar. For specified flow rabes,
the sxit temperature of air and the mte of sooopy gensmton zm to be dewmmined for the cases of m
Assameprions 1 This & a stwady-flow process since there is no change with tome. I Einstic and potantal
anergy chamgss are negligibls. 3 There are no work intemctions. 4 Afr is an idea] g with constant specfic
hoats at Toom temperatme
Properties Tha gas mmmofairhﬂmkhmh'kgﬂ.fflbhi-lj.Thnmmme specific heat of
air at poeoen termparature is ¢, = 1.005 kTkg E (Tabls A-2). The properties of E-134a af the inlet and the axit
siabes ame (Tables A-11 thromgh A-13)

P =120kPa | by =k, +xhg =224+ 0.3 = 21445 = B6.B3 L kg

x, =03 :s, =y + a0 = 008275+ 030.EI503) - 0 M LTkg -E

Ty = 120KPa | fy = by o = 2365700Kg

2L vapIT "I £ b e = O8TEET R K Gm'imm  AIR
Amaiysic (z) The mess Sow rane of i i | @ l
. ) .
iy B IlﬂﬂkPn:Eﬁm.'mm:l P @
BT, (0287 1Pa-m'hz EPBNE) Thginm

Wa taks the sotive heat exchamger as the syvism, which &

control volues. The mass and energy balances for this sheady- l @ l il vaped
flowr system can be sxpressed n the mbe form

Mazr balanee [ for each fid soream):

iy =t = i T LDy iy iy iy, and - -

B -Fogy - “_N-:-M -

.
Fasuof ol @argy TWals  Fgacf dangs B el brass,
by s, e, aned mkm P Re———

[

gk + gl = stz + sy, (sincs = B = Aks & dpaa D)
Coanhining thatwa, syl — by =g, iy — by = e (1 - 74
Sabvizg for T, :r,-*.r':,——"""'['*‘_"‘:I

Mﬂrl: B

o (2 kg'mmn (23697 - 86 B3) kI kg .
Substituting, T, =2T"C- ==15.3"C=13711K
N (6.97 kg/min){] 005 kIkg - K}
Moting that the condansar is wall-izselated and thms beat tamsfar is negligitls, the sotropy balance for this
smady-flow sy sem an be sapressed as

: S
S8 + Sl_,_.. LE L —
Faim of st gy mele Rawal TRandana
by b and Taan raares ara-:;’

gy gy =y —aiysy = Sp = 0 (since Q= 0}
Ny + iy — By — Wy S =



T-199 A 4-m ¥ 5-m ¥ 7-m well-sealed room is o be heated
by 1500 kg of hguid water contained in a tank that 1s placed in
the moom. The room 15 losing heat to the outside air at 35C at
an average rate of 10,000 kI/h. The room 1s imually at 20°C
and 100 kPa and 15 maintained at a temperatwre of 20°C at all
times. If the hot water is to meet the heating requirements of
this room for a 24-h period, determine (a) the minimum tem-
perature of the water when it s first brought into the room and
{b) the entropy generated dunng a 24-h penod. Assume con-
stant soecific heats for both air and water at room temoerature.

7-199 A room is o be beated by hot water contained in a tank placed in the rocm: The minicvem imitial

mmofﬂnmmmhdmmtﬂnhnmgmqm of this room for a 24-h paricd 2nd the
sniTopy gensmed are to be detarmined.

Assrmprions 1 Water iz an iscomprassible sobotance with constant specific heats. 1 Abr i an idsal gas with
comstamt specific heats. 3 The snargy stored in the confiner itslf i negligible relathve o the ansrgy stored
i watar 4 The room is maintezed at 20°C at all tmes 5 The bot wakr is %o mest the beating
requinamants of iz room for a 24-h parind.
Properties The specific heat of water af room temperriums iz «=4.18kTkg-"C (Table A-3).
Anaiysic Haat loss from the room dering a 14-h pariod is

o = {20,000 kI'E)24 b) = 240,000 kT
Taking the contents of the room, mchiding the waber, 2: our syvhem, the ssergy balance can be waitees 2

E,-E, = a.trm R £ N 1 T .V M

g e (=T nl'll kciatic,
e i et

er
it = [T - it
Substmtng,
- 2400,000 kI = (1500 kg)(4.18 kFkg-"CH20 - )
It gives

T,=583"C
whare ) Is the temparatmms of the water whin it is first broeght into the room.

() Wi take the house x: the syutem, whﬂun:mdmmmmwm during this process &
immedizg sroundngs m'ﬂ:ﬂt'ﬂnbﬂ'ﬂnﬂ.ﬂjm of the extsnded system & the temparaiom of the
smrommdings at all times. The extnogry balancs for the cxtended systens can be axpressed as

Spmf b S =AS

o ey pRwfa i 'Chﬂ.ll.
b il i AR gy

—-?%: g m A F AT, T AT

since the simte of adr in the howss (2nd thes its entropy) mmains unckanged. Then the snropy Eeoarted
during the 4 b peried becomes

L

S = A+

293E | 240,000 kT
333K IME
= =TI+ 8633 = B0 EIE

= (1500 kg 415 kFkg -E | In




T-207  (a) Water flows through a shower head slcadll_',' at &
rate of [0 Limin. An electric resistance heater placed in the

water pipe heats the water from 16 to 43°C. Taking the den-
sity of water 1o be | kg/L, determine the elecinic power input
to the heater, in kW, and the rate of entropy generation during
this process, in KW/K.

T-207 Water is heated from 16°C to 43°C by an alectric resistance beater placed in the water pips as it
flows through 2 showerhead stsadily at 2 mm of 10 Limin The slectric poamr et fo the heater and the
rate of entropy gensmaton am to be detemingd. The reduction I powsr Input and sntopy peoeraticn as 2
result of metalling a 5% efficent regeneraior am also to be determined.
Arzmmpriens 1 This is a steady-Bow process since them is no change with time at any point within e
system and the A, =0 and AF ., =} . 2 Waksr is an incompresaihle substance with comstant specific
baats. 3 The kinstic and pomntial ensegy changes are negligitle, Ake o Ape w0, 4 Heat Josses fom e
pips are naglizihle.

irs The density of waber is given %o be p = | kg/l. The specific heat of waber at rocos temparsiere is
c=+18klkg"C (Table A-3)
Analyziz (a) We take the pipe & the sz, This b 2 conrod volume sinoe mmss gosses e rysteam
boendary duzing the process. We obuerre that thars is only one ket and oz exit and dms s, = b, =
Than the soargy balance for this steady-flowr sytean can be seprwssed In the rate form 2z

'F'n _'F'I'II - *""F'n—?t ety =0 = 'F'n - P‘u.r
Fontd o 0 e Iy Tiraher k-ﬂ' & el linaic,
b B, o, il o p-'ﬂmnrﬂ T
W +oitly = sich, (iimce ko a Ape a 0) 160 43
W,y = (i = ) m (T = ;) [
whars = ot = (1 kgL 10 Limin) = 10 kg/min * +

Substitmting, W, = (10060 kg/s /4. 18 kg -~ CN43 - 161'C = 18.8 KW
sntropy balancs oxn the heating section. Noting hat this is a steady-How process and beat Tanséer fom e
beating section iz zegligibls,
B.-f. 0+ {,: - A0 =
Famel saarpymede  Resalseropy  Rawcd chags
ey bt s maam R of amTopy

sy = sy = Sy m Db, = 5y = 5,
Moting that water is an m:nrpcm.n]ﬂ.u subsiance and sebstitating,
S = mln—-— = {10060 kg's}4.15 kTkg - R:h'i;':i - 00622 EVE
(B} The soersy m‘qmcih the beat exckanger is
O ™ e = T, — T o 05(10080 ks 418 Kl kg - "C39 - 18P0 = B0 kT = 5.0 KW
Tharsiors, l.ﬂl:'lil.’hum!;_l. is nesded o s cass, and the requized electric power in S5 cae reduces o

W onee ™ P it~ Jorvag = 18.5— 5.0 = 108 EW

Taking the cold water weam i the beat exchanger & owr comtrol wolums (3 wwady-fow syem), S
temparatare 2t whick the cold water leaves the beat sxchanger and aotars the slectrc musistance beating
sqection iv determined from
';.:" - m':rqu.l = Tl,l:l]

Substntng, Ekls = (10460 kp's)(4.18 kPkg* CNT, o, —16°C)
Tt yialds T = 27.5°C m 305K
The rate of eniropy gensmtion in the heating section in this cass iv detarmined similarly to ba

b= L (10060 kg's 4. 16 kT kg - K} w BE smsiwx

A W0SE

Thus the mdnction in the mie of enfropy gensation within the boating section is

5 s, = ST - 00350 = QO2TIEWTE



T=211 Air 15 compressed steadily by 2 compressor from
10 kPa and 20°C 1w 1200 kPa and 300°C at a rae of 0.4
kgis. The compressor 1s intentionally cooled by vtlizing fins
on the surface of the compressor and heat 15 lost from the
compressor at a rate of 15 kW to the surroundings at 20°C.
Using constant specific heats at room temperature, determine
{a) the power input to the compressor, (5) the isothermal effi-
ciency, and (c) the entropy peneration during this process.

T-111 Air s compreased in 3 compreusor fat i iventionalby cooled The work imput, the fuotheameal
afficiancy, and the eniropy gensmation ars io be deermined.

Assumprions 1 Smady opemting conditions emist ? Einetic and

potantisl enargy changes am megligble. 3 Air & an ideal gas with a 300°C

:m.:lmit:pou.ﬁrhat 1.2MP3
The gm comstent of ar is A = 0.267 kIl'kg K and the

specific hoat of air at an average teesparateme of (JH300)2 = 160°C Comgressor

=433 Kis ¢, = 1018 klkg K (Table A-2).
Anailysis {g) The power put is determined from 2o soergy balancs

oo e conirel volmms Alr
W m i (T = T+ Gy 20°C, 100 kP
= {08k )1 018 KL kg "CHAN0 — 203°C + 15 kW
= 129.0 KW

(ﬁ]'rhnpc:urhputﬁrlmw'hln-hnﬂmmlpmnhghmh'

N -tum:xomu-mww?mm{”mm- S36MW

1
Jh_lf-',_m_ﬂ.dkﬁ‘ -
W 128.0k%W

() The mate of sniropy pansmton associzted with this proces: may be obtined by adding the ot of
anitropy changs of 2ir as it flows in the compressor and the s of sntropy changs of the mmomsndings

S = A AR e, bl gnf. "‘Lﬂ

bl A T

IN+IRE 1200kFa_ 15KW
= (L0l g B 2 T2 E e LI
( T T T T

= 0LOFI0 KWK



