8-7

8-29 A reversible heat pump with specified reservoir temperatures is considered. The entropy change of
two reservoirs is to be calculated and it is to be determined if this heat pump satisfies the increase in
entropy principle.

Assumptions The heat pump operates steadily.

Analysis Since the heat pump is completely reversible, the @

combination of the coefficient of performance expression, first Law,

and thermodynamic temperature scale gives 100 kW
1 1 @ W
COPyp ey = = =26.73 et
’ 1-T, /Ty 1-(283K)/(294K) o
L
The power required to drive this heat pump, according to the @
coefficient of performance, is then

Qu _100kW

Wi = =3.741kW
M COPypy.,  26.73

According to the first law, the rate at which heat is removed from the low-temperature energy reservoir is
QL =Qn ~Woein =100kW —3.741kW = 96.26 kW

The rate at which the entropy of the high temperature reservoir changes, according to the definition of the
entropy, is

AS,, = J1O0KW 6 50 kwik

and that of the low-temperature reservoir is

A, =2 _T9020KW 4 340 kwiK
T 283K

The net rate of entropy change of everything in this system is
AS a1 = ASy +AS| = 0.340—0.340 = 0 kWI/K

as it must be since the heat pump is completely reversible.
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8-17

8-43 An insulated cylinder is initially filled with saturated liquid water at a specified pressure. The water is
heated electrically at constant pressure. The entropy change of the water during this process is to be
determined.

Assumptions 1 The kinetic and potential energy changes are negligible. 2 The cylinder is well-insulated
and thus heat transfer is negligible. 3 The thermal energy stored in the cylinder itself is negligible. 4 The
compression or expansion process is quasi-equilibrium.

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

V| =Vi@isokpa =0.001053 m*/kg

P, =150 kP
L L =Ny uso e = 467.13 KI/kg H,0
sat.liquid 150 kPa
Sl = Sf@lSO kPa =1.4337 kJ/kgK Sat hquld
Also,
3
m=Y o 000m sk

v 0.001053 m®/kg

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

Ein - Eout - AEsystem
| —
Net energy transfer Change in internal, kinetic,
by heat, work, and mass potential, etc. energies

We,in _Wb,out =AU
We,in = m(hZ - hl)

since AU + W, = AH during a constant pressure quasi-equilibrium process. Solving for h,,

W, .
ein _ 467.13 +M =930.33 kJ/kg
475k

g

Thus,

h, —hy  930.33-467.13
heg 2226.0
S, =S¢ + X515 =1.4337+(0.2081)(5.7894) = 2.6384 ki/kg - K

=0.2081

P, =150 kPa X, =
h, =930.33 kl/kg

Then the entropy change of the water becomes

AS =m(s, —s;)=(4.75 kg)(2.6384 —1.4337 )kJ/kg - K =5.72 kI/K
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8-30

8-58 Steam is expanded in an isentropic turbine. The work produced is to be determined.

Assumptions 1 This is a steady-flow process since there is no change with time. 2 The process is isentropic
(i.e., reversible-adiabatic).
Analysis There is only one inlet and one exit, and thus m; =m, = m. We take the turbine as the system,

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

. . . 20 (stead: 2 MPa
Ein - Eout = AES (steady) =0
ystem 360°C
— L SS——
Rate of net energy transfer  Rate of change in internal, kinetic,
by heat, work, and mass potential, etc. energies
Ein = Eout

rh, =mh, +W_, 00 kP
Wout = m(hl - h2) a

The inlet state properties are
P, =2MPa | h, =3159.9kl/kg !
(Table A - 6)
T, =360°C | s, =6.9938kJ/kg-K
100 kPa |\

For this isentropic process, the final state properties are (Table A-5) 2

S-St 6.9938-1.3028
Stg 6.0562
hy =hy +x,hyy =417.51+(0.9397)(2257.5) = 2538.9 kl/kg

=0.9397

P, =100kPa X, =
s, =5, =6.9938kl/kg-K

Substituting,
W, =h; —h, =(3159.9-2538.9) kl/kg =621.0 kJ/kg
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8-39

8-68 Computer chips are cooled by placing them in saturated liquid R-134a. The entropy changes of the
chips, R-134a, and the entire system are to be determined.

Assumptions 1 The system is stationary and thus the kinetic and potential energy changes are zero. 2 There
are no work interactions involved. 3 There is no heat transfer between the system and the surroundings.

Analysis (a) The energy balance for this system can be expressed as

Ein - Eout = AE

system
—
Net energy transfer Change in internal, kinetic,
by heat, work, and mass potential, etc. energies

0=AU =[m(u; —up)] s + MUy Ul s,
[, —u, )]chips =[m(u; —u)]i 1340
The heat released by the chips is
Qunips =MC(T; —T,) = (0.010 kg)(0.3 ki/kg - K)[20 — (—40)]K = 0.18 kJ
The mass of the refrigerant vaporized during this heat exchange process is

_Qr-i34a _ Qroizaa _ 0.18K]
2= = =
82 Uy -Ur  Uggoec 207.40Kkl/kg

m =0.0008679 kg

Only a small fraction of R-134a is vaporized during the process. Therefore, the temperature of R-134a

remains constant during the process. The change in the entropy of the R-134a is (at -40°F from Table A-
11)

ASR_1380 =Mg2Sg o + My 5S¢, =My S¢

= (0.0008679)(0.96866) + (0.005 — 0.0008679)(0) — (0.005)(0)
=0.000841kJ/K

(b) The entropy change of the chips is

T 40+ 273)K
— meln2 = (0.010 kg)(0.3 k/kg - K)in 20 27K
T, (20+273)K

AS =-0.000687 kJ/K

chips

(c) The total entropy change is

AS a1 = Sgen = ASk_134a +AS pps = 0.000841+(~0.000687) = 0.000154 kJ/K

chips

The positive result for the total entropy change (i.e., entropy generation) indicates that this process is
possible.
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8-99 Nitrogen is compressed in an adiabatic compressor. The minimum work input is to be determined.

Assumptions 1 This is a steady-flow process since there is no change with time. 2 The process is adiabatic,
and thus there is no heat transfer. 3 Nitrogen is an ideal gas with constant specific heats.

Properties The properties of nitrogen at an anticipated average temperature of 400 K are ¢, = 1.044
kJ/kg'K and k = 1.397 (Table A-2Db).
Analysis There is only one inlet and one exit, and thus m; =m, =m. We take the compressor as the

system, which is a control volume since mass crosses the boundary. The energy balance for this steady-
flow system can be expressed in the rate form as

Em _ E'Om N 70 (steady)  _ 600 kPa

system

Nitrogen
compressor

— —_—
Rate of net energy transfer  Rate of change in internal, kinetic,
by heat, work, and mass potential, etc. energies

E, =E

m

out

mh, +W, =rh, 120 kPa
) 30°C

Wy, =m(h, —h))

mn

For the minimum work input to the compressor, the process
must be reversible as well as adiabatic (i.e., isentropic). This 600 kPa

being the case, the exit temperature will be 2
(k=1)/k 0.397/1.397
P
T, =T)| = - (303 K)(—600 kPaj — 479K 120 kPa &,
P, 120 kPa S

Substituting into the energy balance equation gives

Wy, =h, —h; =c, (T, ~T;) = (1.044 ki/kg - K)(479-303)K = 184 kd/kg
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8-103

8-148 Cold water is heated by hot water in a heat exchanger. The rate of heat transfer and the rate of
entropy generation within the heat exchanger are to be determined.

Assumptions 1 Steady operating conditions exist. 2 The heat exchanger is well-insulated so that heat loss
to the surroundings is negligible and thus heat transfer from the hot fluid is equal to the heat transfer to the
cold fluid. 3 Changes in the kinetic and potential energies of fluid streams are negligible. 4 Fluid
properties are constant.

Properties The specific heats of cold and hot water are given to be 4.18 and 4.19 kJ/kg.°C, respectively.

Analysis We take the cold water tubes as the system, which is a

control volume. The energy balance for this steady-flow system Cold water
can be expressed in the rate form as 15°C
: : _ : 70 (steady) _ 0.25 kg/s
Ein - Eout - AEsystem =0 &
N H
Rate of net energy transfer  Rate of change in internal, kinetic, ot water

by heat, work, and mass potential, etc. energies = ¢
. . °
Ein = Eout 100°C

3 kg/s

Q,, +mh, =mh, (since Ake = Ape = 0)
Q =1C,(T, - T)) ‘45 ¢
Then the rate of heat transfer to the cold water in this heat exchanger becomes

Qi =My (Toue ~ Tin) leold water = (025 kg/s)(4.18 kJ/kg.°C)(45°C —15°C) = 31.35 KW

Noting that heat gain by the cold water is equal to the heat loss by the hot water, the outlet temperature of
the hot water is determined to be

. ' 31.35kW
Q = [mcp in _Tout)]hot water —)Tout = Tin _i =100°C - 97.5°C

me, (3kg/s)(d.19K)/kg.°C)

(b) The rate of entropy generation within the heat exchanger is determined by applying the rate form of the
entropy balance on the entire heat exchanger:

: 2 3 _Ad &0 (steady)
Sir1 - Sout + Sgen - ASsystem
Rate of net entropy transfer ~ Rate of entropy Rate of change
by heat and mass generation of entropy

My, + MyS; —MyS, —Mys, + S, =0 (since Q = 0)
n"]colds‘l + rhhots3 - mcolds2 - rhhots4 + S'gen =0
Sgen = Mo (S = ;) + My (S4 — S3)
Noting that both fluid streams are liquids (incompressible substances), the rate of entropy generation is

determined to be

< . T2 . T4
Sgen = mcoldcp IHT— + mhotcp h'lT—
1 3

454273 97.5+273
= (025 kg/s)(4. 18 KI/kg K)In > = 1 (3 kg/s)(4.19 k) kg K)ln —=— >
(0-25kelsX RIS s TN e 05273

=0.0190 kW/K
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8-104

8-149 Air is preheated by hot exhaust gases in a cross-flow heat exchanger. The rate of heat transfer, the
outlet temperature of the air, and the rate of entropy generation are to be determined.

Assumptions 1 Steady operating conditions exist. 2 The heat exchanger is well-insulated so that heat loss
to the surroundings is negligible and thus heat transfer from the hot fluid is equal to the heat transfer to the
cold fluid. 3 Changes in the kinetic and potential energies of fluid streams are negligible. 4 Fluid
properties are constant.

Properties The specific heats of air and combustion gases are given to be 1.005 and 1.10 kJ/kg.°C,
respectively. The gas constant of air is R = 0.287 kJ/kg.K (Table A-1).

Analysis We take the exhaust pipes as the system, which

is a control volume. The energy balance for this steady-
flow system can be expressed in the rate form as
Air
- - _ - 20 (steady) _ i
Ein - Eout - AEsystem =0 95 kPa % %
%\/—/ O
Rate of net energy transfer  Rate of change in internal, kinetic, 20°C Q}
by heat, work, and mass potential, etc. energies 1.6 m’/s % %
Ein = Eout ma Q)
i, = O, +Mh, (since Ake = Ape = 0) a! QQ\ E9\
Y

N

Qout = n.']Cp(-l—l _TZ)

Then the rate of heat transfer from the exhaust gases becomes

Exhaust gases
2.2 kg/s, 95°C

Q= [rth(Tin —Tom)]gas' = (2.2 kg/s)(1.1kJ/kg.°C)(180°C —95°C) = 205.7 kW
The mass flow rate of air is

o PV (95 kPa)(1.6 m*/s)
RT  (0.287 kPa.m?/kg.K)x (293 K)

=1.808 kg/s

Noting that heat loss by the exhaust gases is equal to the heat gain by the air, the outlet temperature of the
air becomes
Q 205.7 kW

) = |rme T —> T =T, +——=20°C+ =133.2°C
Q [ p(Tou )L ' me, (1.808 kg/s)(1.005 kJ/kg.°C)

The rate of entropy generation within the heat exchanger is determined by applying the rate form of the
entropy balance on the entire heat exchanger:

2 3 3 Al 0 (steady)
Sin - Sout + Sgen - ASsystem
Rate of net entropy transfer ~ Rate of entropy Rate of change
by heat and mass generation of entropy

M;S; + MyS3 —MyS, —Mys, +S,,, =0 (since Q = 0)
MexnaustSt + MairS3 = MexhaustS2 — MyirSs + Sgen =0
Sgen = Mexhaust (S2 = 1) + Myir (S4 = S3)

Then the rate of entropy generation is determined to be

S gen — mexhaus

T Ty
Cp lnT_1+ M, Cp lni

95 +273 133.2+273
= (22kg/s)(11KI/kg K)In———=" 1 (1.808 kg/s)(1.005 kl/kg K)ln = =>
(22 kg1 T ke Rln e 75+ (808 kX T N YR

=0.091 kW/K
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8-159 An egg is dropped into boiling water. The amount of heat transfer to the egg by the time it is cooked
and the amount of entropy generation associated with this heat transfer process are to be determined.

Assumptions 1 The egg is spherical in shape with a radius of ry = 2.75 cm. 2 The thermal properties of the
egg are constant. 3 Energy absorption or release associated with any chemical and/or phase changes within
the egg is negligible. 4 There are no changes in kinetic and potential energies.

Properties The density and specific heat of the egg are given to be p = 1020 kg/m® and Cp =3.32 kl/kg.°C.

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

Ein - Eout = AEsystem Boiling
e R —
Net energy transfer Change in internal, kinetic, Water
by heat, work, and mass potential, etc. energies

Qin = AUegg = m(u2 - ul) = mC(TZ _Tl)

Then the mass of the egg and the amount of heat transfer become Egg
D? (0.055m)° e
m=pV = p=—=(1020 1<g/m3)”‘T = 0.0889 kg

Qu = me, (T, —T) = (0.0889 kg)(3.32 k/kg.°C)(70 — 8)°C = 18.3 kJ

We again take a single egg as the system The entropy generated during this process can be determined by
applying an entropy balance on an extended system that includes the egg and its immediate surroundings so
that the boundary temperature of the extended system is at 97°C at all times:

Sin - Sout + Sgen =AS

system
[ —— — —
Net entropy transfer Entropy Change

by heat and mass generation in entropy
Q; Q
T_m + Sgen = ASsystem - Sgen = _T_m + ASsystem
b b
where
+
AS e = M(S, — §1) = MCyug In 12 = (0.0889 kg)(3.32 kI/kg. K) In 0272 _ 0,0588 kI/K
T 8+273
Substituting,
Q, 18.3kJ
Sgen = —_l_—+ ASytem = — 370K +0.0588 kJ/K = 0.00934 kJ/K (per egg)

b
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8-168 Liquid water is heated in a chamber by mixing it with superheated steam. For a specified mixing
temperature, the mass flow rate of the steam and the rate of entropy generation are to be determined.
Assumptions 1 This is a steady-flow process since there is no change with time. 2 Kinetic and potential
energy changes are negligible. 3 There are no work interactions.

Properties Noting that T < T, @ 200kpa = 120.21°C, the cold water and the exit mixture streams exist as a
compressed liquid, which can be approximated as a saturated liquid at the given temperature. From Tables
A-4 through A-6,

1200 kJ/min

P,=200kPa] h = hf@20°C =83.91kl/kg
T, =20°C S1 =St anc = 0.2965 kl/kg - K f

20°C /
P, =200 kPa } h, =2769.1 kJ/kg 2.5kg/s MIXING
T, =150°C |s, =7.2810 kl/kg-K CHAMBER 60°C, ©)
P, =200kPa| h;= hf@wC =251.18 kl/kg 150° 200 kPa
T3 =60°C [ S3=S; 6 =0.8313klkg K @ >

Analysis (a) We take the mixing chamber as the system, which is a control volume. The mass and energy
balances for this steady-flow system can be expressed in the rate form as
70 (steady)

Mass balance:  my, —My, =AMy, =0——m +m, =m;
Energy balance:
: : _ : J0 (steady) _
Ein - Eout - AEsystem =0
— -
Rate of netenergy transfer  Rate of change in internal, kinetic,
by heat, work, and mass potential, etc. energies
Ein = Eout

myh, +myh, = Q,, + M,

out

Combining the two relations gives Q= Myhy +myh, — (M, + iy )hy = my (b —hy )+, (hy —hy)

Solving for m, and substituting, the mass flow rate of the superheated steam is determined to be

Qoue — My (hy —hy)  (1200/60kJ/s) — (2.5 kg/s)(83.91-251.18 )k
h, —h, (2769.1-251.18)kJ/kg

Also, my=m; +m, =2.5+0.166=2.666 kg/s

(b) The rate of total entropy generation during this process is determined by applying the entropy balance
on an extended system that includes the mixing chamber and its immediate surroundings so that the
boundary temperature of the extended system is 25°C at all times. It gives

i = ke _ 0.166 kgls

. . . e $0
Sin - Sout + Sgen - ASsystem =0
—_——— ) \ S

Rate of net entropy transfer ~ Rate of entropy  Rate of change
by heat and mass generation of entropy
. ; ; Qout 3 _
m;s; + M,S, —M;S; — + Sgen =0
b,surr

Substituting, the rate of entropy generation during this process is determined to be

Qout

b,surr
= (2.666 kg/s)0.8313 kl/kg - K)—(0.166 kg/s)(7.2810 ki/kg-K)
n (1200/60 kJ/s)

298K

Sgen = m3S3 - m232 - mISI +

—(2.5 kg/s)0.2965 kJ/kg - K
=0.333 kW/K
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8-136

8-183 A horizontal cylinder is separated into two compartments by a piston, one side containing nitrogen
and the other side containing helium. Heat is added to the nitrogen side. The final temperature of the
helium, the final volume of the nitrogen, the heat transferred to the nitrogen, and the entropy generation
during this process are to be determined.

Assumptions 1 Kinetic and potential energy changes are negligible. 2 Nitrogen and helium are ideal gases
with constant specific heats at room temperature. 3 The piston is adiabatic and frictionless.

Properties The properties of nitrogen at room temperature are R = 0.2968 kPa.m’/kg K, ¢, = 1.039 kl/kg K,
¢, = 0.743 kJ/kg K, k= 1.4. The properties for helium are R = 2.0769 kPa.m*/kg.K, Cp,=5.1926 kJ/kgK, ¢,
=3.1156 kJ/kg. K, k= 1.667 (Table A-2).

Analysis (a) Helium undergoes an isentropic compression

process, and thus the final helium temperature is
determined from Q\
—> N He
(k=1)/k (1.667-1)/1.667 2
P ’ -
The, =T,| -2 —(20+ 273)K[—120 kpa) 0.2 m 0-1ke
’ P, 95kPa
=321.7K
(b) The initial and final volumes of the helium are
mRT,  (0.1kg)(2.0769 kPa-m?/kg-K)(20+273 K
Vigoy = nlr_ (O-The) a-m kg K)@0+273K) _ ) 6406 m?
’ P, 95 kPa
mRT 0.1kg)(2.0769 kPa-m?>/kg-K)(321.7 K
Viep =———= (0. The) a-m kg K)( ) 05568 m’

P, 120 kPa
Then, the final volume of nitrogen becomes
VN2,2 = VNZ,] + VHS,I - VHC,Z = 02 + 0.6406 - 05568 = 0.2838 m 3

(c) The mass and final temperature of nitrogen are

PV, kPa)(0.2 m>

My = A2t = (O3 kP02 m) 02185 ke
RT,  (0.2968 kPa-m>/kg-K)(20+273 K)
P, V. ) 3

Tags =222 _ (120 kPa)(0.2838 m?) 951K

MR (0.2185kg)(0.2968 kPa -m>/kg-K)

The heat transferred to the nitrogen is determined from an energy balance
Qin =AUy, +AUy,
=[me, (T, =Ty, +[me, (T =Ty,
=(0.2185kg)(0.743 kJ/kg.K)(525.1—-293) + (0.1 kg)(3.1156 kJ/kg.K)(321.7 — 293)
=46.6kJ
(d) Noting that helium undergoes an isentropic process, the entropy generation is determined to be

T P,) -Q
Sgen = ASyy +AS = mNz(cp 1nT—2—R1nF2J+&
1 1 R

=(0.2185 kg)[(l 039 kl/kg K)in 221K 120 kpa} L —466kJ

—(0.2968 kJ/kg.K)ln
293K 95kPa | (500+273)K

=0.057 kJ/K
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8-142

8-189 An insulated rigid tank is connected to a piston-cylinder device with zero clearance that is
maintained at constant pressure. A valve is opened, and some steam in the tank is allowed to flow into the
cylinder. The final temperatures in the tank and the cylinder are to be determined.

Assumptions 1 Both the tank and cylinder are well-insulated and thus heat transfer is negligible. 2 The
water that remains in the tank underwent a reversible adiabatic process. 3 The thermal energy stored in the
tank and cylinder themselves is negligible. 4 The system is stationary and thus kinetic and potential energy
changes are negligible.

Analysis (a) The steam in tank A undergoes a reversible, adiabatic process, and thus s, =S;. From the
steam tables (Tables A-4 through A-6),

VI =Vg@soo kpa =0.37483 m’ kg

P, =500 kP
! "Ly =u —2560.7 k/kg
sat.vapor I @300 kPa
S1 = Sgs00 kre = 68207 kI/kg K
T2,A :Tsat@ISO pa =111.35°C
- S, =S _
P, =150 kPa Xy = 2,A f_ 6.8207 —1.4337 - 09305
S, =S, ’ Sty 5.7894

(satmixture) | v, o = v +Xy 401y =0.001053+(0.9305)(1.1594 ~0.001053) =1.0789 m* /kg
Uy =Ug +Xy gy =466.97+(0.9305)(2052.3 ki/kg) = 2376.6 ki/kg

The initial and the final masses in tank A are

v 4m’ v 4m’
mlAz—Azo—m3=l.O67kg and m,, =—A -0 o =037lkg
’ via 037483 m'/kg ’ Voo 1.0789 m’/kg
Thus,
mz’B = ml’A - mzﬂA = 1.067 - 0.371 = 0.696 kg
(b) The boundary work done during this process is
2
Wh,out = .[1 PdV =Py (Vz,s —0): PeM, 8¢5
Taking the contents of both the tank and the cylinder Sat.
to be the system, the energy balance for this closed vapor
system can be expressed as 500 kPa 150 kPa
E. —E — AE 0.4 I'Il3
n out system
%’_/
Net energy transfer Change in internal, kinetic,
by heat, work, and mass potential, etc. energies
Wy = AU = (aU), +(U)g &
Wo,out + (AU )A + (AU )B =0
or, Psm, gvr g + (mzuz - mlul)A + (mzuz g =0

m, ghy g + (mzuz —mu; )y =0
Thus,

= (myuy —mou, ), (1.067)(2560.7)- (0.371)2376.6) _ 2658.8 kTkg
’ M, g 0.696

At 150 kPa, hy=467.13 and hy =2693.1 kJ/kg. Thus at the final state, the cylinder will contain a saturated
liquid-vapor mixture since hy < h, < hg. Therefore,

Tz,B = Tsat@lSO pa =111.35°C
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