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7-2

Entropy and the Increase of Entropy Principle

7-1C No. A system may produce more (or less) work than it receives during a cycle. A steam power plant, for example,
produces more work than it receives during a cycle, the difference being the net work output.

7-2C The entropy change will be the same for both cases since entropy is a property and it has a fixed value at a fixed
state.

7-3C No. In general, that integral will have a different value for different processes. However, it will have the same value
for all reversible processes.

7-4C That integral should be performed along a reversible path to determine the entropy change.

7-5C No. An isothermal process can be irreversible. Example: A system that involves paddle-wheel work while losing an
equivalent amount of heat.

7-6C The value of this integral is always larger for reversible processes.

7-7C No. Because the entropy of the surrounding air increases even more during that process, making the total entropy
change positive.

7-8C It is possible to create entropy, but it is not possible to destroy it.

7-9C If the system undergoes a reversible process, the entropy of the system cannot change without a heat transfer.
Otherwise, the entropy must increase since there are no offsetting entropy changes associated with reservoirs exchanging
heat with the system.

7-10C The claim that work will not change the entropy of a fluid passing through an adiabatic steady-flow system with a
single inlet and outlet is true only if the process is also reversible. Since no real process is reversible, there will be an
entropy increase in the fluid during the adiabatic process in devices such as pumps, compressors, and turbines.

7-11C Sometimes.
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7-12C Never.

7-13C Always.

7-14C Increase.

7-15C Increases.

7-16C Decreases.

7-17C Sometimes.

7-18C Greater than.

7-19C Yes. This will happen when the system is losing heat, and the decrease in entropy as a result of this heat loss is
equal to the increase in entropy as a result of irreversibilities.

7-20C They are heat transfer, irreversibilities, and entropy transport with mass.
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7-21E The source and sink temperatures and the entropy change of the sink for a completely reversible heat engine are
given. The entropy decrease of the source and the amount of heat transfer from the source are to be determined.

Assumptions The heat engine operates steadily.

y

Analysis According to the increase in entropy principle, the entropy change of the source

must be equal and opposite to that of the sink. Hence, Qn
QL Wnet
Applying the definition of the entropy to the source gives
Qy =Ty AS, =(1500R)(—10 Btu/R) =-15,000 Btu o

which is the heat transfer with respect to the source, not the device.

7-22 The source and sink temperatures and the entropy change of the sink for a completely reversible heat engine are
given. The amount of heat transfer from the source are to be determined.

Assumptions The heat engine operates steadily.
Analysis According to the increase in entropy principle, the entropy change of the source @
must be equal and opposite to that of the sink. Hence, Qn

AS, =-AS| =-20kJ/K @

Applying the definition of the entropy to the source gives
Qp =Ty ASy =(1000K)(—20kJ/K) =-20,000 kJ o

which is the heat transfer with respect to the source, not the device.

7-23E The operating conditions of a heat engine are given. The entropy change of all components and the work input are

to be calculated and it is to be determined if this heat engine is reversible.

Assumptions The heat engine operates steadily. @

Analysis The entropy change of all the components is O
AS total — ASy +AS| +AS device @
Wne
where the last term is zero each time the engine completes a cycle. Applying
the definition of the entropy to the two reservoirs reduces this to Qu
AS = Q_H+& _ —200,000 Btu . 100,000 Btu _ 333 Btu/R 600 R
Ty T, 1500 R 600 R

Since the entropy of everything involved with this engine has increased, the engine is not reversible, but possible. Applying

the first law to this engine,

W, =Qy —Q_ = 200,000 Btu —100,000 Btu = 100,000 Btu
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7-5

7-24 Air is compressed steadily by a compressor. The air temperature is maintained constant by heat rejection to the
surroundings. The rate of entropy change of air is 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 Air is an ideal gas. 4 The process involves no internal irreversibilities such as friction, and thus it is an
isothermal, internally reversible process.

Properties Noting that h = h(T) for ideal gases, we have h; = h, since T; =T, = 25°C.

Analysis We take the compressor as the system. Noting that the enthalpy of air remains constant, the energy balance for
this steady-flow system can be expressed in the rate form as

: : _ : 70 (steady)

Ein - Eout - AEsystem e =0 P,

— —_—
Rate of net energy transfer  Rate of change in internal, kinetic,

by heat, work, and mass potential, etc. energies . \T
Ein = Eout Q

. . AIR
Wil‘l = Qout T= const. 8 30 kW

Therefore, /
Qout =W,, =30kW T

Noting that the process is assumed to be an isothermal and internally
reversible process, the rate of entropy change of air is determined to be

3 Qout,air 30kW
ASair == ==
T 298 K

sys

=-0.101kW/K

7-25 Heat is transferred directly from an energy-source reservoir to an energy-sink. The entropy change of the two
reservoirs is to be calculated and it is to be determined if the increase of entropy principle is satisfied.

Assumptions The reservoirs operate steadily.
1200 K
Analysis The entropy change of the source and sink is given by Q
as = Qu  Qu _ Z100K 100K o hoaqy 3k 100 kI
Ty T, 1200K 600K }
y

Since the entropy of everything involved in this process has
increased, this transfer of heat is possible. 600K
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7-6

7-26 It is assumed that heat is transferred from a cold reservoir to the hot reservoir contrary to the Clausius statement of the
second law. It is to be proven that this violates the increase in entropy principle.

Assumptions The reservoirs operate steadily.

Analysis According to the definition of the entropy, the entropy change of the
high-temperature reservoir shown below is

AS, =2 00K hes33ik @
T, 1200K

and the entropy change of the low-temperature reservoir is Q=100ky
AS| = Q _ 100K _ 6671k
T, 600K

The total entropy change of everything involved with this system is then

AS o =ASy +AS, =0.08333-0.1667 = —0.0833 kJ/K

which violates the increase in entropy principle since the total entropy change is negative.

7-27 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

| | 300 kW
COPirrev =177 =T 280Ky /207K) @ W
The power required to drive this heat pump, according to the coefficient of QL
performance, is then ¢
- Qu  _300kW

W = =17.17kW
M COPyp e, 1747

According to the first law, the rate at which heat is removed from the low-temperature energy reservoir is
QL =Qn ~W,ein =300kW —17.17 kW =282.8kW
The rate at which the entropy of the high temperature reservoir changes, according to the definition of the entropy, is

AS,, _Qu _300KW 4 01wk
Ty 297K

and that of the low-temperature reservoir is

AS, _Qu _-1717kW ~1.01kW/K

T, 280K
The net rate of entropy change of everything in this system is
AS i = ASy +AS| =1.01-1.01=0kW/K

as it must be since the heat pump is completely reversible.
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7-7

7-28E Heat is transferred isothermally from the working fluid of a Carnot engine to a heat sink. The entropy change of the
working fluid is given. The amount of heat transfer, the entropy change of the sink, and the total entropy change during the
process are to be determined.

Analysis (a) This is a reversible isothermal process, and the entropy change Heat
during such a process is given by q
Q oF P
AS== 95°F
T
Noting that heat transferred from the working fluid is equal to the heat Carnot heat engine

transferred to the sink, the heat transfer become

(b) The entropy change of the sink is determined from

_ Qsink,in _ 388.5 Btu
e 555 R

sink

AS =0.7 Btu/R

(c) Thus the total entropy change of the process is
Sgen = AStOtal = Asﬂuid + AS —07 + 07 = 0

sink —
This is expected since all processes of the Carnot cycle are reversible processes, and no entropy is generated during a
reversible 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

as5-2

T

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

T =Taw@ieokpa = —15.6°C=2574K  (Table A-12)

Quefrigeramin 180 kJ R-134a
Then,  AS,figeran =~ oottt = =0.699 kJ/K 160kPa 7!
Trefrigerant 2574 K 180 kI
(b) Similarly, e
180 kJ
Asspace == Q_?)acejout =- 268 K =-0.672 kJ/K

space
(c) The total entropy change of the process is
Sgen = ASig = AS +AS =0.699 -0.672 = 0.027 kJ/K

tota refrigerant space
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Entropy Changes of Pure Substances

7-30C Yes, because an internally reversible, adiabatic process involves no irreversibilities or heat transfer.

7-31E A piston-cylinder device that is filled with water is heated. The total entropy change is to be determined.

Analysis The initial specific volume is

Vi 251
v, =—= 250 ) 553 /lbm

m  2lbm

which is between « and v, for 300 psia. The initial quality and the entropy are then H2O'
(Table A-5E) 300 psia

, 2 Ibm
v, —v - 3
1Y+ (1.25-0.01890) ft°/Ibm —0.8075 2.5 ft

X, = =
' vy (1.5435-0.01890) ft3/Ibm

S; =St +XSg =0.58818 Btu/lbm-R +(0.8075)(0.92289 Btu/Ibm- R) =1.3334 Btw/lbm- R

The final state is superheated vapor and p

T, = 500°F

) S, =1.5706 Btu/lbm-R (Table A - 6E)
P, = P, =300 psia

Hence, the change in the total entropy is
AS =m(s, —5S;)
=(21bm)(1.5706 —1.3334) Btu/Ibm-R
=0.4744 Btu/R

7-32 An insulated rigid tank contains a saturated liquid-vapor mixture of water at a specified pressure. An electric heater
inside is turned on and kept on until all the liquid vaporized. The entropy change of the water during this process is to be
determined.

Analysis From the steam tables (Tables A-4 through A-6)
P, =150 kPa }vl =v¢ +X Vg =0.001053 +(0.25)1.1594 — 0.001053)= 0.29065 m" /kg

X, =0.25 S, =S¢ + XS =1.4337+(0.25)(5.7894) = 2.8810 kJ/kg - K
v, =V,

s, =6.7298 kl/kg - K
sat. vapor

Then the entropy change of the steam becomes

AS =m(s, —s, )= (5kg)(6.7298 — 2.8810) kl/kg - K =19.2 kJ/K
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7-9

7-33 A rigid tank is divided into two equal parts by a partition. One part is filled with compressed liquid water while
the other side is evacuated. The partition is removed and water expands into the entire tank. The entropy change of the
water during this process is to be determined.

Analysis The properties of the water are (Table A-4)
2.5kg
P =400 kPa | v; = v gepec = 0.001017m"/kg compressed
T, =60°C  |'s; =S{gg0ec =0.8313kl/kg-K liquid ¢ @ um
Noting that 400 kPa
; 60°C
v, =2v; =(2)0.001017)=0.002034 m*/kg

v, —Vi  0.002034 —0.001026
Vi 3.993-0.001026
S, =S¢ + X515 =1.0261+(0.0002524)6.6430)=1.0278 ki/kg - K

=0.0002524

P, =40 kPa X, =
v, =0.002034 m* /kg

Then the entropy change of the water becomes

AS =m(s, —s;)=(2.5 kg)(1.0278 — 0.8313)kl/kg - K = 0.492 kJ/K
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7-10

EE
7-34 E Problem 7-33 is reconsidered. The entropy generated is to be evaluated and plotted as a function of
surroundings temperature, and the values of the surroundings temperatures that are valid for this problem are to be
determined. The surrounding temperature is to vary from 0°C to 100°C.

Analysis The problem is solved using EES, and the results are tabulated and plotted below.

"Input Data"
P[1]=400 [kPa]
T[1]=60 [C]
m=2.5 [kg]
P[2]=40 [kPa]

Fluid$='Steam_IAPWS'

V[1]=m*spv[1]

spv[1]=volume(Fluid$, T=T[1], P=P[1]) "specific volume of steam at state 1, m"3/kg"
s[1]=entropy(Fluid$, T=T[1],P=P[1]) "entropy of steam at state 1, kJ/kgK"

V[2]=2*V[1] "Steam expands to fill entire volume at state 2"

"State 2 is identified by P[2] and spv[2]"

spv[2]=V[2])/m "specific volume of steam at state 2, m"3/kg"
s[2]=entropy(Fluid$,P=P[2],v=spV[2]) "entropy of steam at state 2, kJ/kgK"
T[2]=temperature(Fluid$,P=P[2],v=spV[2])

DELTAS_sys=m*(s[2]-s[1]) "Total entopy change of steam, kJ/K"

"What does the first law tell us about this problem?"

E_in - E_out = DELTAE_sys "Conservation of Energy for the entire, closed system"
"neglecting changes in KE and PE for the system:"

DELTAE_sys=m*(intenergy(Fluid$, P=P[2], v=spv[2]) - intenergy(Fluid$,T=T[1],P=P[1]))
E in=0

"How do you interpert the energy leaving the system, E_out? Recall this is a constant volume system."
Q_out = E_out

"What is the maximum value of the Surroundings temperature?"

"The maximum possible value for the surroundings temperature occurs when we set S_gen = 0=Delta
S_sys+sum(DeltaS_surr)"

Q_net_surr=Q_out

S gen=0

S _gen = DELTAS_sys+Q_net_surr/(Tsurr+273)

"Establish a parametric table for the variables S_gen, Q_net_surr, T_surr, and DELTAS_sys. In the Parametric
Table window select T_surr and insert a range of values. Then place '{' and '}' about the S_gen = 0 line; press
F3 to solve the table. The results are shown in Plot Window 1. What values of T_surr are valid for this

problem? 0.08
Tsurr Sgen 1
[C] [kJ/K] 0.04
0 -0.1222 : ]
10 -0.1005 _ 0
20 -0.08033 X
30 -0.06145 :)i 0,04
40 -0.04378 c
50 -0.0272 &
60 -0.01162 0.8
70 0.003049
80 0.01689 -0.12
90 0.02997 i
100 0.04235 o6l
0 20 40 60 80 100

Tsurr [C]
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7-11

7-35E A cylinder is initially filled with R-134a at a specified state. The refrigerant is cooled and condensed at constant
pressure. The entropy change of refrigerant during this process is to be determined

Analysis From the refrigerant tables (Tables A-11E through A-13E),
P, =120 psia
s; =0.22361 Btu/lbm - R I
T, =100°F
T, = 50°F 113'01349
. (S2 =S¢ o0 =0.06039 Btw/lbm - R psia
P, =120 psia @ 100°F o Q
Then the entropy change of the refrigerant becomes “

AS =m(s, —s;)=(2 1bm)0.06039 — 0.22361)Btu/Ibm - R = -0.3264 Btu/R

7-36 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| =V @isokpa =0.001053 m’/kg

P =130 kPa } h, =h 467.13 kI/k 151321%
) ) = = . g a
satliquid 17 @150 kpa e
q S1 =S @isokpa = 14337 Kl/kg K 2200 kJ Sat. liquid
3
Also, molo_000m o5k,

v, 0.001053 m®/ke

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 = AE

system
e S —
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,,

2200 kJ
5kg

W
h, = h +—2" = 467.13 + = 930.33 kl/kg
m

Thus,

h, —h -
P, _150kPa  |x, = 2 M _ 93033-467.13
hig 2226.0

h =930.33 kike S, =S¢ + X515 =1.4337+(0.2081)(5.7894) = 2.6384 kl/kg K

=0.2081

Then the entropy change of the water becomes

AS =m(s, —s;)=(4.75 kg)(2.6384 — 14337 )kJ/kg - K =5.72 kI/IK
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7-37 Entropy change of water as it is cooled at constant pressure is to be determined using Gibbs equation and to be
compared to steam tables.

Analysis The Gibbs equation is P
Tds = dh — vdP

As water is converted from a saturated liquid to a saturated vapor, both
the pressure and temperature remain constant. Then, the Gibbs equation
reduces to

ds:@
T

When the result is integrated between the saturated liquid and saturated vapor states, the result is

o s Nahe _hg=hi Mg 2163.5ki/ke
PhT T Taa@wowa (133.52+273)K

=5.322kJ/kg -K

Where enthalpy and temperature data are obtained from Table A-5. The entropy change from the steam tables is

Stg@300kpa = 2-320 kJ/kg-K (TableA -5)

The result is practically the same.

7-38E R-134a is compressed in a compressor during which the entropy remains constant. The final temperature and
enthalpy change are to be determined.

Analysis The initial state is saturated vapor and the properties are (Table A-11E)
h; =hg@oer =103.08 Btw/lbm
S; =Sg@oer = 0.22539 Btw/lbm-R

The final state is superheated vapor and the properties are (Table A-13E)

P, = 60 psia T, =59.3°F
S, =5, =0.22539 Btu/lbm-R | h, =112.23 Btu/lbm

The change in the enthalpy across the compressor is then

Ah=h, —h, =112.23-103.08 = 9.15 Btu/lbm
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7-13

7-39 Water vapor is expanded in a turbine during which the entropy remains constant. The enthalpy difference is to be
determined.
Analysis The initial state is superheated vapor and thus T
P,=6MPa | h, =3178.3kl/kg
(Table A - 6) 1
T, =400°C | s, =6.5432kJ/kg-K

The entropy is constant during the process. The final state is a mixture since the entropy
is between S; and sy for 100 kPa. The properties at this state are (Table A-5)

S, —S — . S
2 =St _ (65432-13028) kkg K _ o
Stg 6.0562 ki/kg - K

hy =hy +X,hyy = 417.51+(0.8653)(2257.5) = 2370.9 ki/kg

X, =

The change in the enthalpy across the turbine is then

Ah=h, —h, =2370.9-3178.3 =-807.4 kJ/kg

7-40 R-134a undergoes a process during which the entropy is kept constant. The final temperature and internal energy are
to be determined.

Analysis The initial entropy is T
T, =25°C
S; =0.9341kJ/kg-K (Table A-13) 1
P, =600 kPa
The entropy is constant during the process. The final state is a mixture since the entropy
is between s; and sy for 100 kPa. The properties at this state are (Table A-12) D)
T, :Tsat@IOOkPa =-26.37°C S

;=S¢ (0.9341-0.07188) ki/kg - K
Stg 0.87995 ki/kg - K
Uy =Ug + XUy =17.214(0.9799)(197.98) = 211.2 kJ/kg

X, = =0.9799
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7-14

7-41 Refrigerant-134a is is expanded in a turbine during which the entropy remains constant. The inlet and outlet velocities
are to be determined.

Analysis The initial state is superheated vapor and thus

T
P, =800 kP = 3
1 a | v,=0.02997m’/kg (Table A -13) 1
T, =60°C s; =1.0110kJ/kg - K
The entropy is constant during the process. The properties at the exit state are 2
P, =100 kPa 3
v, =0.2098 m’/kg (Table A -13) s
s, =8, =1.0110kJ/kg - K

The inlet and outlet veloicites are

My, (0.5kg/s)(0.02997 m® /kg)

A > =0.030m/s
[ 0.5m

v, =

mv,  (0.5kg/s)(0.2098 m’ /kg)
A, 1.0m?

V, = =0.105m/s

7-42 An insulated cylinder is initially filled with superheated steam at a specified state. The steam is compressed in a
reversible manner until the pressure drops to a specified value. The work input 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 process is stated to be reversible.

Analysis This is a reversible adiabatic (i.e., isentropic) process, and thus S, = S;. From the steam tables (Tables A-4 through

A-6),
v, =0.71643 m*/kg
P, =300 kPa
U, =2651.0 ki/kg
T, =200°C
s, =7.3132 kl/kg -K
P, =1.2 MPa
U, =2921.6 kl/kg
S, =§;
Also,
v 0.02 m*

L= =0.02792 kg
vl 0.71643 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 adiabatic closed system can be expressed as

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

Wy.in =AU =m(u, —uy)

Substituting, the work input during this adiabatic process is determined to be

Wi =m(u, —uy )=(0.02792 kg)(2921.6 — 2651.0) ki/kg = 7.55 kJ
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EE
7-43 E Problem 7-42 is reconsidered. The work done on the steam is to be determined and plotted as a function of
final pressure as the pressure varies from 300 kPa to 1.2 MPa.

Analysis The problem is solved using EES, and the results are tabulated and plotted below.

"Knowns:"
P_1 =300 [kPa]
T_1=200][C]

V_sys = 0.02 [m"3]
"P_2 = 1200 [kPa]"

"Analysis: "
Fluid$='Steam_IAPWS'

" Treat the piston-cylinder as a closed system, with no heat transfer in, neglect
changes in KE and PE of the Steam. The process is reversible and adiabatic thus isentropic.
"The isentropic work is determined from:"

E_in- E_out=DELTAE_sys

E_out =0 [kJ]

E_in =Work_in

DELTAE_sys = m_sys*(u_2-u_1)

u_1= INTENERGY(FIU|d$,P=P 1,T=T_1)

v_1 = volume(Fluid$,P=P_1,T=T_1)

s_1 = entropy(Fluid$,P=P_1,T=T_1)

V_sys =m_sys*v_1

" The process is reversible and adiabatic or isentropic.
s 2=s1

u_2 = INTENERGY (Fluid$,P=P_2,s=s_2)

T_2_isen = temperature(Fluid$,P=P_2,s=s_2)

P2 Workin 7 : : : : : : :
[kPa] [kJ]

300 0
400 1.366

500 2.494

600 3.462 =
700 4314 X,
800 5.078 -
900 5.773 ~
1000 6.411 o

=

300 400 500 600 700 800 900 1000
P, [kPa]
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7-16

7-44 A cylinder is initially filled with saturated water vapor at a specified temperature. Heat is transferred to the steam, and
it expands in a reversible and isothermal manner until the pressure drops to a specified value. The heat transfer and the
work output for this process are 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 process is stated to be reversible
and isothermal.

Analysis From the steam tables (Tables A-4 through A-6),
Tl = ZOOOC ul = ug@zoooc = 25942 kJ/kg H
satvapor | S; =Sg@aoeec = 64302 kl/kg-K H,0
P, =800 kPa | u, =2631.1ki/kg 200°C
sat. vapor
T,=T, s, =6.8177 kl/kg-K T = const
The heat transfer for this reversible isothermal process can be determined from ~Q

Q=T4S =Tm(s, —s, )= (473 K)(1.2 kg)(6.8177 — 6.4302)kJ/kg - K = 219.9 kJ

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

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

Qin _Wb,out =AU = m(u2 _ul)
Wb,out = Qin - m(u2 - ul)
Substituting, the work done during this process is determined to be

Wy ou = 219.9KJ — (1.2 kg)(2631.1 - 2594.2) kl/kg = 175.6 kJ
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7-17

EE
7-45 E Problem 7-44 is reconsidered. The heat transferred to the steam and the work done are to be determined and
plotted as a function of final pressure as the pressure varies from the initial value to the final value of 800 kPa.

Analysis The problem is solved using EES, and the results are tabulated and plotted below.

"Knowns:"
T_1=200]C]
x 1=1.0

m_sys = 1.2 [kg]
{P_2 = 800"[kPa]"}

"Analysis: "
Fluid$='Steam_IAPWS'

" Treat the piston-cylinder as a closed system,
reversible and isothermal ."

T 2=T_1

E_in- E_out=DELTAE_sys

E_ in=Q_in

E_out = Work_out

DELTAE_sys =m_sys*(u_2-u_1)

P_1 = pressure(Fluid$,T=T_1,x=1.0)
u_1=INTENERGY (Fluid$,T=T_1,x=1.0)
v_1 = volume(Fluid$,T=T_1,x=1.0)

s_1 = entropy(Fluid$,T=T_1,x=1.0)

V_sys =m_sys*v_1

" The process is reversible and isothermal.
Then P_2 and T_2 specify state 2."

u_2 = INTENERGY (Fluid$,P=P_2,T=T_2)
s_2 = entropy(Fluid$,P=P_2,T=T_2)
Q_in=(T_1+273)*m_sys*(s_2-s_1)

P, Qin Workout
[kPa] [kJ] [kJ]
800 219.9 175.7
900 183.7 144.7
1000 150.6 117
1100 120 91.84
1200 91.23 68.85
1300 64.08 47.65
1400 38.2 27.98
1500 13.32 9.605
1553 0.4645 0.3319

neglect changes in KE and PE of the Steam

. The process is

200
160

120

Workg e [KJ]

1000 1200 1400
P, [kPa]

1000 1200 1400

1600
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7-18
7-46 R-134a undergoes an isothermal process in a closed system. The work and heat transfer 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 other than the boundary work. 3 The thermal energy stored in the cylinder itself is negligible. 4 The
compression or expansion process is quasi-equilibrium.

Analysis The energy balance for this system can be

expressed as T
Ein - Eout AEsystem
— [ —
Net energy transfer Change in internal, kinetic, R-134a
by heat, work, and mass potential, etc. energies 240 kPa 1
Win _Qout =AU = m(u2 _ul) T1:T2:200C 2
The initial state properties are S

P, =240kPa | u, =246.74kl/kg
(Table A -13)

T, =20°C s, =1.0134kJ/kg-K
For this isothermal process, the final state properties are (Table A-11)

T, =T, =20°C } Uy =Uj + XUy =78.86+(0.20)(162.16) =111.29 kl/kg

X, =0.20 Sy =S¢ +X;S¢ =0.30063+(0.20)(0.62172) = 0.42497 kl/kg-K
The heat transfer is determined from

Qin =To (S5 —5;) =(293K)(0.42497 —-1.0134) kl/kg - K =-172.4 kJ/kg
The negative sign shows that the heat is actually transferred from the system. That is,

Qout =172.4kJI/Kg

The work required is determined from the energy balance to be

Wy, = Qg +(Uy —Uy) =172.4 kI/kg +(111.29 —246.74) kl/kg = 36.95 kd/kg

7-47 The heat transfer during the process shown in the figure is to be determined.

Assumptions The process is reversible. T
Analysis No heat is transferred during the process 2-3 since the °O) :
area under process line is zero. Then the heat transfer is equal to 600 43

the area under the process line 1-2:

T, +T,

2
(/I :ITds:Area: (5, —5y)

200 2

1
_ (600 +273)K + (200 + 273)K (1.0-0.3)kl/kg - K

0.3 10 .
— 471kJ/kg s (klkgK)
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7-48E The heat transfer during the process shown in the figure is to be determined.
Assumptions The process is reversible.

Analysis Heat transfer is equal to the sum of the areas under the process 1-2 and 2-3.

f P T 4T
Q12 :ITd5+ITd5: ——2(s, = 5,) + Ty (53 = S,) oTF
1 2 " 3 2
360
_ (55+460)R +2(360+460)R (3.0 —1.0)Btu/lbm - R /
1 /
+[(360 + 460)R (2.0 — 3.0)Btu/Ibm - R 55
=515Btu/lom 12 3 s(Btw/lbmR)
7-49 The heat transfer during the process shown in the figure is to be determined.
Assumptions The process is reversible.
Analysis Heat transfer is equal to the sum of the areas under the process 1-2 and 2-3.
2 3
T, +T T
qlzijds+des= 1_; 2(s, —5)+T,(5; = $,) (°C)
2
1 2 600 > 3
_ (200+273)K er (600 + 273)K (0.3-1.0)kI/kg - K
+[(600 +273)K (1.0 - 0.3)kJ/kg - K 200 1
=140kJ/kg 0.3 10 s (kl/kgK)

PROPRIETARY MATERIAL. © 2011 The McGraw-Hill Companies, Inc. Limited distribution permitted only to teachers and educators for course
preparation. If you are a student using this Manual, you are using it without permission.



www.semeng.ir

www. 20f 11 e. org
7-20

7-50 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
E~ E AE 20 (steady) =0 2 MPa
in ~ Eout system - 360°C
— —
Rate of net energy transfer  Rate of change in internal, kinetic,
by heat, work, and mass potential, etc. energies
Ein = Eout
mh; =mh, +W,_,
T 100 kPa
Wout = m(hl - h2)
T

The inlet state properties are
P,=2MPa | h, =3159.9kJ/kg 1
(Table A - 6) {

T, =360°C | s, =6.9938kJ/kg-K
For this isentropic process, the final state properties are (Table A-5) 5
S
S, —S —
P, =100 kPa X, =——" = 6'992 8052'23028 =0.9397
S .
s, =5, =6.9938kl/kg-K fo

hy =hy +x,hgy =417.51+(0.9397)(2257.5) = 2538.9 ki/kg

Substituting,
W, =h; —h, =(3159.9-2538.9) kl/kg =621.0 kJ/kg
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7-21
7-51 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 one inlet and two exits. 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 (steady) _
Ein - Eout - AEsystcm =0
— [ —
Rate of net energy transfer  Rate of change in internal, kinetic, 4 MPa
by heat, work, and mass potential, etc. energies 5 kg/ S
Ein = Eout
mihy =myhy  myhy + W,
Wout = mlhl _mzhz _m3h3 700 kPa 50 kPa
From a mass balance, 100°C

M, =0.05m, = (0.05)(5 kg/s) = 0.25 kg/s
My = 0.95m, = (0.95)(5 kg/s) = 4.75 kg/s

Noting that the expansion process is isentropic, the enthalpies at three

states are determined as follows: /

P, =50kPa | h; =2682.4kJ/kg 50 kPa
(Table A -6)
T; =100°C S; =7.6953kJ/kg-K s

P, =4 MPa

h; =3979.3kJ/kg (Table A -6)
S; =83 =7.6953kJ/kg-K

P, =700 kPa

h, =3309.1kJ/kg (Table A -6)

Substituting,
Wou = mlhl - mzhz - m3h3

= (5kg/s)(3979.3 ki/kg) — (0.25 kg/s)(3309.1 ki/kg) — (4.75 kg/s)(2682.4 ki /kg)
= 6328 kW
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7-22

7-52 Water is compressed in a closed system during which the entropy remains constant. The final temperature and the
work required are to be determined.

Analysis The initial state is superheated vapor and thus

T
P,=70kPa | u, =2509.4kJ/kg 1
(Table A - 6)
T, =100°C s, =7.5344kJ/kg - K
The entropy is constant during the process. The properties at the exit state are 2
P, = 4000 kPa u, =3396.5kl/kg
(Table A - 6) s
S, =8, =7.5344kl/kg-K | T, =664°C

To determine the work done, 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 = AE

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

W, =Au=U, —U; (sinceQ=KE=PE=0)
Substituting,
W;, =U, —U; =(3396.5-2509.4)kJ/kg =887.1kJ/kg

7-53 Refrigerant-134a is expanded in a closed system during which the entropy remains constant. The heat transfer and the
work production are to be determined.

Analysis The initial state is superheated vapor and thus

T
P, =600kPa | u, =249.22klJ/kg 1
(Table A -13)
T, =30°C $; =0.9499 kJ/kg - K
The entropy is constant during the process. The properties at the exit state are 2
P, =140 kPa
u, =220.75kJ/kg (Table A -13) S
S, =8, =0.9499kJ/kg - K

Since the process is isentropic, and thus the heat transfer is zero.
Q=0kJ

To determine the work done, 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
W, =AU =m(u, —u,) (sinceQ=KE=PE=0)
Substituting,

W, =m(u, —u,) = (0.5kg)(249.22 — 220.75)kJ/kg = 14.2 kJ

out —
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7-54 Refrigerant-134a is expanded in an adiabatic turbine reversibly. The process is to be sketched on the T-S diagram and
the volume flow rate at the exit is to be determined.

Assumptions The process is steady. T 1200 kPa
Analysis (b) Noting that the process is isentropic (constant entropy) the inlet
and exit states are obtained from R-134a tables (Table A-12) as follows: 100 kPa
1
P, =1200kPa | h, =273.87kl/kg Y
X =1 s; =0.9130kJ/kg-K 2
S; =St 0.9130-0.07188 S
Xy = = =0.9559
P, =100kPa P sy 0.87995
s, =5, =0.9130kJ/kg - K h, =h¢ +xhgy =17.28+0.9559 x 217.16 = 224.87 kl/kg

v, =V + XV =0.0007259 + 0.9559 x (0.19254 - 0.0007259) = 0.1841 m’/kg

We take the turbine as the system, which is a control volume since mass crosses the boundary. Noting that one fluid stream
enters and leaves the turbine, the energy balance for this steady-flow system can be expressed in the rate form as

' _ - J0 (steady) _
Ein - Eout - AEsystcm =0
— 2 - —
Rate of net energy transfer  Rate of change in internal, kinetic,
by heat, work, and mass potential, etc. energies
Ein = Eout
mh, =mh, + W, (since Q = Ake = Ape = 0)
Wout = m(hl - h2)

Solving for the mass flow rate and substituting,

o Woi 100 kW
h, —h, (273.87 —224.87)k)/kg

=2.041kg/s

The volume flow rate at the exit is then,

V, =tv, =(2.041kg/s)(0.1841m>/kg) =0.376 m>/s
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7-24

7-55 Water vapor is expanded adiabatically in a piston-cylinder device. The entropy change is to be determined and it is to
be discussed if this process is realistic.

Analysis (a) The properties at the initial state are

P, =600kPa | u, =2566.8kJ/kg
(Table A -5)

X, =1 s, =6.7593kI/kg - K

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 = AE

. g system
onerey trans o
by hestmarkamd mass e oo T 600 kPa

-W,, =AU =m(u, —u;) (sinceQ=KE=PE=0) 100 kPa
Solving for the final state internal energy, 1

W 700 kJ

Uy =, +—2 =2566.8 kl/kg + =2216.8kJ/kg 2 2s
m 2kg
S

The entropy at the final state is (from Table A-5)

Uy —U;  2216.8—417.40
Ugq 2088.2
5, =S¢ + XSy =1.3028+0.8617 x 6.0562 = 6.5215 kl/kg - K

=0.8617

P, =100 kPa X, =
u, =2216.8kJ/kg

The entropy change is
As=s, -5, =6.5215-6.7593 =-0.238 kJ/kg -K

(b) The process is not realistic since entropy cannot decrease during an adiabatic process. In the limiting case of a reversible
(and adiabatic) process, the entropy would remain constant.
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7-25

7-56 Refrigerant-134a is compressed in an adiabatic compressor reversibly. The process is to be sketched on the T-S
diagram and the volume flow rate at the inlet is to be determined.

Assumptions The process is steady.

Analysis (b) Noting that the process is isentropic (constant

entropy) the inlet and exit states are obtained from R-134a T ok
tables (Tables A-12 and A-13) as follows: 320 kPa
h, =251.88 kl/kg
Py =320kPa } s, =0.9301kl/kg - K !
X =1
i v =0.06360 m® /kg
P, =1200 kPa 5

h, =279.35kJ/kg
S, =5, =0.9301kJ/kg - K

We take the compressor as the system, which is a control volume since mass crosses the boundary. Noting that one fluid
stream enters and leaves the compressor, the energy balance for this steady-flow system can be expressed in the rate form

as
- - _ - 0 (steady) _
Ein - Eout - AEsystem =0
— | S
Rate of net energy transfer  Rate of change in internal, kinetic,
by heat, work, and mass potential, etc. energies
Ein = Eout
mh, +W;, =mh,  (since Q = Ake = Ape = 0)
Wi, =m(h, —hy)

Solving for the mass flow rate and substituting,

W, 100 kW

m = =
h,—h, (279.35-251.88)kl/kg

=3.640 kg/s

The volume flow rate at the inlet is then,

V, =y, = (3.640 kg/s)(0.06360 m* /kg) = 0.232m>/s
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7-26

7-57 Steam enters a nozzle at a specified state and leaves at a specified pressure. The process is to be sketched on the T-s
diagram and the maximum outlet velocity is to be determined.

Analysis (b) The inlet state properties are T 6000 kPa
P, =6000kPa | h, =2784.6klJ/kg (Table A -5) 1200 kPa
X =1 s, =5.8902kl/kg - K 1
\ 4
For the maximum velocity at the exit, the entropy will be constant
during the process. The exit state enthalpy is (Table A-6) 2
S; =S¢ 5.8902-2.2159 S

X, = =0.8533
P2 =1200 kPa } 2 ng 4.3058

s, =5, =5.8902kI/kg -K | hy =h; +xh, =798.33+0.8533x1985.4 = 2492.5 kl/kg

We take the nozzle as the system, which is a control volume since mass crosses the boundary. Noting that one fluid stream
enters and leaves the nozzle, the energy balance for this steady-flow system can be expressed in the rate form as

: . _ - &0 (steady) _
Ein - Eout - AEsystem =0
—_— —/—/
Rate of net energy transfer  Rate of change in internal, kinetic,
by heat, work, and mass potential, etc. energies
E.=E

n out

V2 V.2 S
m h1+% =m h2+72 (sinceW =Q = Ape = 0)

VS -V?

Solving for the exit velocity and substituting,

VE-v?
h, —h, :[%J

VZ:NE+2m1—%)PS:%Omhf—+ﬂ2m46—24njﬂd&g(

0.5
1000 m?/s>
1kJ/kg

=764.3m/s
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7-27

7-58 Heat is added to a pressure cooker that is maintained at a specified pressure. The minimum entropy change of the
thermal-energy reservoir supplying this heat is to be determined.

Assumptions 1 Only water vapor escapes through the pressure relief valve.

Analysis According to the conservation of mass principle,

dm , .
R IR

An entropy balance adapted to this system becomes

dsmn_+d(ms)

+m,,S>0
dt dt out
When this is combined with the mass balance, it becomes

dSg,, d(ms) dm
dt dt dt

>0

Multiplying by dt and integrating the result yields
AS g +MySy —MyS; =S, (M, — M) =0
The properties at the initial and final states are (from Table A-5 at P, = 175 kPa and P, = 150 kPa)
Vi =V + XV =0.001057 +(0.10)(1.0037 - 0.001057) = 0.1013 m’ /kg
S; =S¢ +XSg =1.4850 + (0.10)(5.6865) =2.0537 kl/kg - K
vy =v¢ + XV =0.001053 +(0.40)(1.1594 — 0.001053) = 0.4644 m’/kg
S, =S¢ +XS¢g =1.4337 +(0.40)(5.7894) =3.7494 kJ/kg - K

The initial and final masses are

3
m =L o Q00 19741
v 0.01013m’/kg
3
m, = = 0020m" 04307 ke

v,  0.4644m’/ke

The entropy of escaping water vapor is

out

Substituting,
ASsurr +MyS, —M;S) — Sout(mZ -m ) 20
AS,,.. +(0.04307)(3.7494) — (0.1974)(2.0537) — (7.2231)(0.04307 — 0.1974) > 0
AS,,. +0.8708>0

The entropy change of the thermal energy reservoir must then satisfy

ASg,, >2—-0.8708 kJ/K

surr —
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7-28

7-59 Heat is added to a pressure cooker that is maintained at a specified pressure. Work is also done on water. The
minimum entropy change of the thermal-energy reservoir supplying this heat is to be determined.

Assumptions 1 Only water vapor escapes through the pressure relief valve.

Analysis According to the conservation of mass principle,

dm , .
R IR

An entropy balance adapted to this system becomes

dsmn_+d(ms)

+m,,S>0
dt dt out
When this is combined with the mass balance, it becomes

dSg,, d(ms) dm
dt dt dt

>0

Multiplying by dt and integrating the result yields
AS gy +MySy —MyS; = Sgy (My —My) 20

Note that work done on the water has no effect on this entropy balance since work transfer does not involve any entropy
transfer. The properties at the initial and final states are (from Table A-5 at P; = 175 kPa and P, = 150 kPa)

v =v; +Xvgg =0.001057 +(0.10)(1.0037 — 0.001057) = 0.1013 m* /kg
S, =S¢ + XSy =1.4850 +(0.10)(5.6865) = 2.0537 kl/kg - K
vy = v +xvgg =0.001053 +(0.40)(1.1594 — 0.001053) = 0.4644 m* kg
S, =S¢ + XSy =1.4337 +(0.40)(5.7894) = 3.7494 k/kg - K

The initial and final masses are

3
m =L 000M 1974k
v 0.01013m’/kg
3
m, =L - 0020m° 04307 kg

v,  0.4644m’/kg

The entropy of escaping water vapor is

Sout = Sg @lSOkPa = 7.2231kJ/kg . K

Substituting,
AS gy +MySy —MyS; =S4y (My — M) 20
AS . +1(0.04307)(3.7494) — (0.1974)(2.0537) — (7.2231)(0.04307 - 0.1974) = 0
AS,, +0.8708>0
The entropy change of the thermal energy reservoir must then satisfy

AS .. >-0.8708 kJ/K

surr —
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7-29

7-60 A cylinder is initially filled with saturated water vapor mixture at a specified temperature. Steam undergoes a
reversible heat addition and an isentropic process. The processes are to be sketched and heat transfer for the first process
and work done during the second process are to be determined.

Assumptions 1 The kinetic and potential energy changes are negligible. 2 The thermal energy stored in the cylinder itself is
negligible. 3 Both processes are reversible.

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

T, =100°C
05 (M= =419.17+(0.5)(2256.4) = 1547.4 ki/ke
X=0.
h, = hy =2675.6 kl/k
T,=100°C] ° ° s
. =1 U, =ug =2506.0 ki/kg
2 s, =54 =7.3542 kl/kg-K
P, =15kPa Q
Uy = 2247.9 kl/kg
S3=95;

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

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

Qin _Wb,out =AU = m(UZ - ul)

For process 1-2, it reduces to

Quzin = M(hy —hy) = (5kg)(2675.6 - 1547.4)kJ/kg = 5641kJ

(c) For process 2-3, it reduces to

W3 b oue = M(Uy — Uy) = (5 kg)(2506.0 - 2247.9)kJ/kg = 1291kJ

Steam
700 T T T T T T T T T IAl':‘\NlS

600 E

500 E

400} .

T [°C]

300} 101.42 kPa .

200

1
®

100+ /
0.0 1.1 2.2 3.3 4.4 55 6.6 7.7 8.8 9.9 11.0
s [kJ/kg-K]
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7-30

7-61E An insulated rigid can initially contains R-134a at a specified state. A crack develops, and refrigerant escapes slowly.
The final mass in the can is to be determined when the pressure inside drops to a specified value.

Assumptions 1 The can is well-insulated and thus heat transfer is negligible. 2 The refrigerant that remains in the can

underwent a reversible adiabatic process.

Analysis Noting that for a reversible adiabatic (i.e., isentropic) process, S; = S, the
properties of the refrigerant in the can are (Tables A-11E through A-13E)

P, =140 psia
T osoep |5 = Stasor = 0.06039 Btw/lbm - R
S, —S¢  0.06039 - 0.03793
P, =30 psia X, =——"= =0.1208
Stg 0.1859
S, =S
o vy =g+ Xvgy =0.01209 +(0.1208)(1.5492 - 0.01209) = 0.1978 ft*/Ibm

Thus the final mass of the refrigerant in the can is

v 0.8 ft*
m=—

=——————=4.04lbm
v, 0.1978 ft°/Ibm
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7-31

7-62E An electric windshield defroster used to remove ice is considered. The electrical energy required and the minimum
temperature of the defroster are to be determined.

Assumptions No no heat is transferred from the defroster or ice to the surroundings.
Analysis The conservation of mass principle is
dm—c" =>»m->»m
TIP3
which reduces to
dmg,

oo

dt mout

while the the first law reduces to

_dmug,

m
out out’ ‘out
dt

-W

Combining these two expressions yield

dm,, _ d(mu),

W out
dt dt

t:h

ou

When this is multiplied by dt and integrated from time when the ice layer is present until it is removed (m = 0) gives
Wout = hout (_mi ) + (mu)i
The original mass of the ice layer is

V1A
v v

m;

The work required per unit of windshield area is then
W 25/12) ft
— - l(ui —how) = l(ui —Uu;)= luif = M(—IM Btu/Ibm) = —187.3 Btu/ft*
A v v 0.01602 ft*/Ibm

That is,
W, =187.3 Btu/ft?

The second law as stated by Clasius tells us that the temperature of the defroster cannot be lower than the temperature of the
ice being melted. Then,

T in = 32°F
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7-32

Entropy Change of Incompressible Substances

7-63C No, because entropy is not a conserved property.

7-64 A hot copper block is dropped into water in an insulated tank. The final equilibrium temperature of the tank and the
total entropy change are to be determined.

Assumptions 1 Both the water and the copper block are incompressible substances with constant specific heats at room
temperature. 2 The system is stationary and thus the kinetic and potential energies are negligible. 3 The tank is well-
insulated and thus there is no heat transfer.

Properties The density and specific heat of water at 25°C are p =997 kg/m’ and Cp = 4.18 kl/kg.°C. The specific heat of
copper at 27°C is ¢, = 0.386 kJ/kg.°C (Table A-3).

Analysis We take the entire contents of the tank, water + copper block, as the system. 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

Ein — Eout = AEsystem
Net energy transfer Change in internal, kinetic,
by heat, work, and mass potential, etc. energies
0= AU WATER
or,
AUCu +AU water — 0
[mC(TZ - Tl )]Cu + [mC(TZ _Tl)]water =0 160 L

where

= pV = (997 kg/m>)(0.160 m®) =159.5 kg

mwater
Using specific heat values for copper and liquid water at room temperature and substituting,

(75 kg)(0.386 kJ/kg - °C)(T, —110)°C + (159.5 kg)(4.18 kI/kg - °C)(T, —15)°C =0

T,=19.0°C=292K
The entropy generated during this process is determined from

292.0K

=-7.85kI/K
383 K

T
AS copper = MCyyg h{%j =(75 kg)(0.386 kl/kg - K)ln[

T 292.0K
AS ater = MCyyy h{T—Zj =(159.5 kg }4.18 kl/kg - K)ln[mJ =9.20 kJ/K
1

Thus,
AS i =AS +AS

copper water

=-7.85+9.20=1.35 kJ/K

PROPRIETARY MATERIAL. © 2011 The McGraw-Hill Companies, Inc. Limited distribution permitted only to teachers and educators for course
preparation. If you are a student using this Manual, you are using it without permission.



www.semeng.ir

www. 20f 11 e. org

7-33

7-65 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 - AEsystem
e [
Net energy transfer Change in internal, kinetic,
by heat, work, and mass potential, etc. energies

0=AU =[m(u, -y, )]chips +[m(u, —u, )]R.134a

[m(u, —u, )]chips = [m(u, )|k i3
The heat released by the chips is
Qenips = MC(T; =T,) = (0.010 kg)(0.3kI/kg - K)[20 - (—40)]K = 0.18 kJ

The mass of the refrigerant vaporized during this heat exchange process is

:QR7134a _ Qro34a _ 0.18KJ

m =
Ug—Ut Uggg-sec 207.40kl/kg

02 =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_1349 =My 2Sg2 + Mg S, —M¢;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 _
— meIn22 = (0.010 ke)(0.3 ki/ke - K)ln 027K 4 000687 ka/k

T, (20+273)K

AS chips

(c) The total entropy change is

AS oia = Sgen = ASk_134a T AS pips = 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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7-34

7-66 A hot iron block is dropped into water in an insulated tank. The total entropy change during this process is to be
determined.

Assumptions 1 Both the water and the iron block are incompressible substances with constant specific heats at room
temperature. 2 The system is stationary and thus the kinetic and potential energies are negligible. 3 The tank is well-
insulated and thus there is no heat transfer. 4 The water that evaporates, condenses back.

Properties The specific heat of water at 25°C is ¢, = 4.18 kJ/kg.°C. The specific heat of iron at room temperature is C, =
0.45 kJ/kg.°C (Table A-3).

Analysis We take the entire contents of the tank, water + iron block, as the system. 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

Ein - Eout = AE

system
Net transfi Ch: Lk
et energy transter ange in internal, kinetic,
by heat, work, and mass potegntial, etc. energies WATER
o
0= AU 18°C
or,
AUiron + AUwater =0

[MC(T, =T Jiron +IMC(T, = T)]vater =0

Substituting,

(25 kg)(0.45 kl/kg - K)(T, —350°C) + (100 kg)(4.18 kJ/kg - K)(T, —18°C) =0
T, =26.7°C
The entropy generated during this process is determined from

299.7K

T
AS. - =mc,.,. In| =2 |=(25 kg)0.45 kI/kg - K)In
iron = MC,y (TJ (25 ke g-K) (623K

J =-8.232 kI/K
1

299.7K

T
AS yier = MCyyg 1{%] = (100 kg)(4.18 kJ/kg - K)ln( oK

J =12.314kJ/K

Thus,
=-8.232+12.314=4.08 kJ/K

ron water

Sgen = ASigtal = AS;pon +AS

Discussion The results can be improved somewhat by using specific heats at average temperature.
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7-35

7-67 An aluminum block is brought into contact with an iron block in an insulated enclosure. The final equilibrium
temperature and the total entropy change for this process are to be determined.

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

Properties The specific heat of aluminum at the anticipated average temperature of 400 K is ¢, = 0.949 kJ/kg.°C. The
specific heat of iron at room temperature (the only value available in the tables) is ¢, = 0.45 kJ/kg.°C (Table A-3).

Analysis We take the iron+aluminum blocks as the system, which is a closed system. 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 Aluminum
0=AU 30 kg
140°C
or,
AUalum + AUiron =0
[MC(Ty =T lajum +IMC(Ty =T ]iron =0
Substituting,

(30 kg)(0.949 kJ/kg - K)(T, —140°C) + (40 kg)(0.45 kJ/kg - K)(T, —60°C) =0
T, =109°C=382K
The total entropy change for this process is determined from

382K
333K

T 2K
AS g1y = MCyyg 1n(T—2J =(30 kg)(0.949 kJ/kg - K)ln(%} =—2221kJ/K

1

T
AS;pon =MC,, h{T—zj = (40 kg)(0.45 kl/kg - K)ln(

j =2.472kJ/K
1

Thus,

AS a1 = ASion + AS = 2.472 —2.221=0.251kJ/K

iron alum
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7-36

EE
7-68 E Problem 7-67 is reconsidered. The effect of the mass of the iron block on the final equilibrium temperature and
the total entropy change for the process is to be studied. The mass of the iron is to vary from 10 to 100 kg. The equilibrium
temperature and the total entropy change are to be plotted as a function of iron mass.

Analysis The problem is solved using EES, and the results are tabulated and plotted below.

"Knowns:"

T_1_iron =60 [C]

“m_iron =40 [kqg]”

T_1_al =140 [C]

m_al = 30 [kg]

C_al = 0.949 [kJ/kg-K] "FromTable A-3 at the anticipated average temperature of 450 K."
C_iron= 0.45 [kJ/kg-K] "FromTable A-3 at room temperature, the only value available."
"Analysis: "

" Treat the iron plus aluminum as a closed system, with no heat transfer in, no work out, neglect changes in KE
and PE of the system. "

"The final temperature is found from the energy balance."

E_in- E_out = DELTAE_sys

E out=0

E in=0

DELTAE_sys = m_iron*DELTAu_iron + m_al*DELTAu_al

DELTAu_iron = C_iron*(T_2_iron - T_1_iron)

DELTAu_al=C_al*(T_2_al-T_1_al)

"the iron and aluminum reach thermal equilibrium:"

T 2 iron=T_2

T 2 al=T_2

DELTAS_iron = m_iron*C_iron*In((T_2_iron+273) / (T_1_iron+273))
DELTAS_al=m_al*C_al*In((T_2_al+273) / (T_1_al+273))

DELTAS_total = DELTAS_iron + DELTAS_al

0.45
AStotaI kJ/kg] Miron [kg] T2 [C] 04 [
0.08547 10 129.1 “
0.1525 20 120.8 0.35
0.2066 30 114.3 Z ol
0.2511 40 109 5 %
0.2883 50 104.7 ~oas
0.32 60 101.1 g
0.3472 70 97.98 g o2
0.3709 80 95.33 0.15
0.3916 90 93.02
0.41 100 91 0.1
0.05L— . . . . . . . .
10 20 30 40 50 60 70 80 90 100

Miron [kg]

10 20 30 40 50 60 70 80 90 100
Miron [Ka]
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7-37

7-69 An iron block and a copper block are dropped into a large lake. The total amount of entropy change when both blocks
cool to the lake temperature is to be determined.

Assumptions 1 The water, the iron block and the copper block are incompressible substances with constant specific heats at
room temperature. 2 Kinetic and potential energies are negligible.

Properties The specific heats of iron and copper at room temperature are Ciro, = 0.45 kJ/kg.°C and Ceopper = 0.386 kl/kg.°C
(Table A-3).

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

T 288 K
ASiron = MCyyy h{T—J = (50 kg)0.45 k/kg - K)m(353 <

] =—-4.579 klI/K

AS opper = MCyy h{%j = (20 kg)0.386 kl/kg - K)ln(%j = -1.571 kJ/K

1

We take both the iron and the copper blocks, as the system. 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

E,-E AE

n out system
—
Net energy transfer Change in internal, kinetic, oy
by heat, work, and mass potential, etc. energies
- Qout =AU = AUiron + AUcopper
or,
Qout = [mC(Tl _TZ )]iron + [mC(Tl _TZ)]copper
Substituting,
Quu = (50 kg)0.45 kJ/kg - K (353 — 288)K + (20 kg 0.386 ki/kg - K 353 — 288)K
=1964 kJ
Thus,
ASyy, = Jakein 1964KT ooy
Thake 288 K

Then the total entropy change for this process is

ASya1 = ASin + ASeommer + ASpe = —4.579—1.571+6.820 = 0.670kJ/K

iron copper

PROPRIETARY MATERIAL. © 2011 The McGraw-Hill Companies, Inc. Limited distribution permitted only to teachers and educators for course
preparation. If you are a student using this Manual, you are using it without permission.



www.semeng.ir

www. 20f 11 e. org

7-38

7-70 An adiabatic pump is used to compress saturated liquid water in a reversible manner. The work input is to be
determined by different approaches.

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

Analysis The properties of water at the inlet and exit of the pump are (Tables A-4 through A-6)
h, =191.81kJ/kg

P, =10 kPa
< =0 s; =0.6492 kJ/kg
b v, =0.001010m’ /kg 15 MPa T
P, =15MPa | h, =206.90 kl/kg
S, =§, v, =0.001004 m?/kg ‘
(a) Using the entropy data from the compressed liquid water table 10 kPa
— L\

wp =h, —h; =206.90 —191.81=15.10kJ/kg
(b) Using inlet specific volume and pressure values
Wp = v, (P, —P,) = (0.001010 m*/kg)(15,000 — 10)kPa = 15.14 kJ/kg
Error = 0.3%
(c) Using average specific volume and pressure values
W = Uy (P, = B) = [1/2(0.001010 + 0.001004) m*/kg [ 15,000 — 10)kPa = 15.10 kd/kg
Error = 0%

Discussion The results show that any of the method may be used to calculate reversible pump work.
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Entropy Changes of Ideal Gases

7-71C No. The entropy of an ideal gas depends on the pressure as well as the temperature.

7-39

7-72C The entropy of a gas can change during an isothermal process since entropy of an ideal gas depends on the pressure

as well as the temperature.

7-73C The entropy change relations of an ideal gas simplify to
As = ¢, In(T,/T)) for a constant pressure process

and AS

¢y In(T,/T)) for a constant volume process.

Noting that ¢, > c,, the entropy change will be larger for a constant pressure process.

7-74 For ideal gases, ¢, =y + R and

RV, _R¥% Y _TR
T T h TR
Thus,
S, —S =¢,In I + RlIn| %
T 4
=¢,In LE3 + RlIn L
T TR
=C,In LE3 + Rln I —RIn L}
T T R
=Cpln LE3 —RIn L}
T R

7-75 For an ideal gas, dh = ¢, dT and v=RT/P. From the second Tds relation,

_dh_vdp ¢, RTdP_  dT _dP

ds =C,
T T T P T T P

Integrating,

T P
S, =S =Cp ln(T_zJ_ R IH(FZJ
1 1

Since C; is assumed to be constant.
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7-40

7-76 Setting As = 0 gives
R/C
T P T P T P P
¢y ln| 2 |-Rin| 2 | =0 — I 2 |= B[ 2| 2 [B
T R T) ¢ R T (R

R c,—¢, 1 k-1 1, (p <X
—=2"F =1l-—=——since k=c,/c,. Thus, 2= 2
K K G

but

7-77 The entropy changes of helium and nitrogen is to be compared for the same initial and final states.
Assumptions Helium and nitrogen are ideal gases with constant specific heats.

Properties The properties of helium are ¢, = 5.1926 kJ/kg-K, R =2.0769 klJ/kg-K (Table A-2a). The specific heat of
nitrogen at the average temperature of (427+27)/2=227°C=500 K is ¢, = 1.056 kJ/kg-K (Table A-2b). The gas constant of
nitrogen is R = 0.2968 kJ/kg-K (Table A-2a).

Analysis From the entropy change relation of an ideal gas,

T P
Asy, =C, In—2—Rln—2%
1 1
= (5.1926 kI/kg - K)n-E 2K ) 0769 kifkg - K)ln 200 kP2
(427+273)K 2000 kPa
=0.3826 kd/kg K
T P
ASy, =C, In—=—RIln—=
N2 p Tl l
QT+2K 200 kPa

=(1.056 kJ/kg-K)ln - (02968 k/kg ‘K)ln

(427 +273)K 000 kPa

=-0.2113kJ/kg-K

Hence, helium undergoes the largest change in entropy.

7-78 The entropy difference between the two states of air is to be determined.
Assumptions Air is an ideal gas with constant specific heats.

Properties The specific heat of air at the average temperature of (500+50)/2=275°C = 548 K = 550 K is ¢, = 1.040 kJ/kg-K
(Table A-2b). The gas constant of air is R = 0.287 kJ/kg-K (Table A-2a).

Analysis From the entropy change relation of an ideal gas,

T P
ASyy = Cp In—> -RIn—%
T, P,
~ (1,040 kg - KO0 2K _ 6 567 15cq - Ky L0 KPE
(500 +273)K 2000 kPa

=-0.0478 kJ/kg -K
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7-41
7-79E The entropy difference between the two states of air is to be determined.
Assumptions Air is an ideal gas with constant specific heats.

Properties The specific heat of air at the average temperature of (70+250)/2=160°F is ¢, = 0.241 Btu/lbm-R (Table A-2Eb).
The gas constant of air is R = 0.06855 Btu/lbm-R (Table A-2Ea).

Analysis From the entropy change relation of an ideal gas,

T P
As, =C,In—=—-Rln—=
1 1

250+ 4600R _ ) 6855 Btu/lbm - Ryln HPS13
(70 + 460)R 15 psia

=0.00323 Btu/lbm -R

=(0.241 Btw/lbm - R)In

7-80 The final temperature of nitrogen when it is expanded isentropically is to be determined.

Assumptions Nitrogen is an ideal gas with constant specific heats.

Properties The specific heat ratio of nitrogen at an anticipated average temperature of 450 K is k =1.391 (Table A-2b).
Analysis From the isentropic relation of an ideal gas under constant specific heat assumption,

100 kPa
900 kPa

P,

(k=1)/k
T, =T [FJ =(300+273 K)( =309K

j0.391/1.391

1

Discussion The average air temperature is (573+309)/2=441 K, which is sufficiently close to the assumed average
temperature of 450 K.

7-81E The final temperature of air when it is compressed isentropically is to be determined.

Assumptions Air is an ideal gas with constant specific heats.

Properties The specific heat ratio of air at an anticipated average temperature of 400°F is k = 1.389 (Table A-2EDb).
Analysis From the isentropic relation of an ideal gas under constant specific heat assumption,

(k=1)/k )
P
T, =T, 2 — (70 + 460 R)| 200Psia
P, 15 psia

0.389/1.389
j =1095R

Discussion The average air temperature is (530+1095)/2=813 K = 353°F, which is sufficiently close to the assumed
average temperature of 400°F.
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7-42

7-82 An insulated cylinder initially contains air at a specified state. A resistance heater inside the cylinder is turned on, and
air is heated for 15 min at constant pressure. The entropy change of air during this process is to be determined for the cases
of constant and variable specific heats.

Assumptions At specified conditions, air can be treated as an ideal gas.

Properties The gas constant of air is R = 0.287 kJ/kg. K (Table A-1).

Analysis The mass of the air and the electrical work done during this process are
_RY__ (120kPa)03m’)

RT, (0.287 kPa-m*/kg-K |290 K)
W, =W, ;,At = (0.2 kI/s)15x 60 s) = 180 kJ

=0.4325 kg

The energy balance for this stationary closed system can be expressed as

E,-E AE

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

Wc,in _Wb,out =AU —_>Wc,in = m(h2 - hl) = Cp (TZ _Tl)
since AU + W, = AH during a constant pressure quasi-equilibrium process.
(a) Using a constant C, value at the anticipated average temperature of 450 K, the final temperature becomes

W..
ein _ 500 K + 180 kJ
(0.4325 kg )(1.02 ki/kg - K)

Thus, T,=T,+ =698 K

Cp
Then the entropy change becomes

T p, T
ASSyS - m(52 - sl) =M Cp.avg lnT_z_ Rlan = MCp.avg mT_2
1 1 1

=(0.4325 kg )(1.020 kJ/kg - K)ln(%j =0.387 kJ/K

(b) Assuming variable specific heats,

W..
=m(h, —h) —— h, = h, + — = 290.16 kJ/kg L I8 0634 kl/kg
m 0.4325 kg

W,

e,in

From the air table (Table A-17, we read s; = 2.5628 kJ/kg'K corresponding to this h, value. Then,

J0
AS,, = m[s; —s + Rln% ] = m(s§ - sf): (0.4325 kg )(2.5628 —1.66802)kJ/kg - K = 0.387 kJ/K
1
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7-43

7-83 A cylinder contains N, gas at a specified pressure and temperature. The gas is compressed polytropically until the
volume is reduced by half. The entropy change of nitrogen during this process is to be determined.

Assumptions 1 At specified conditions, N, can be treated as an ideal gas. 2 Nitrogen has constant specific heats at room
temperature.

Properties The gas constant of nitrogen is R = 0.2968 kJ/kg.K (Table A-1). The constant volume specific heat of nitrogen
at room temperature is ¢, = 0.743 kJ/kg.K (Table A-2).

Analysis From the polytropic relation,

n-1 n-1
. i l
2|8 ST 2 =@10K)2) T =3817K
T ) )
N,

Then the entropy change of nitrogen becomes
PV*=C

T %
ASy, = m(c%avg lnT—2+ R 1n—2]
1 1

381.7K

=(0.75 kg)((o.m kJ/kg-K)In 0K +(0.2968 kJ/kg-K)ln(O.S)] =-0.0384 kJ/K
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7-44

EE
7-84 E Problem 7-83 is reconsidered. The effect of varying the polytropic exponent from 1 to 1.4 on the entropy
change of the nitrogen is to be investigated, and the processes are to be shown on a common P-v diagram.

Analysis The problem is solved using EES, and the results are tabulated and plotted below.

"Given"

m=0.75 [kg]

P1=140 [kPa]

T1=(37+273) [K]

n=1.3

RatioV=0.5 "RatiovV=V2/V1"

"Properties”
c_v=0.743 [kJ/kg-K]
R=0.297 [kJ/kg-K]

"Analysis"

T2=T1*(1/RatioV)*(n-1) "from polytropic relation”
DELTAS=m*(c_v*In(T2/T1)+R*In(RatioV))
P1*V1=m*R*T1

0.02
n AS ol
[kJ/kg] :
1 -0.1544 002
1.05 -0.1351 -0.04
1.1 -0.1158 = i
1.15 -0.09646 < -006
1.2 -0.07715 2 oosl
1.25 -0.05783 |
1.3 -0.03852 < o1
1.35 -0.01921 -
1.4 0.000104 012}
0.14
0.16 —— : : : : : : :
1 1.05 1.1 1.15 1.2 1.25 1.3 1.35 1.4
n
1000 T
900_
800_
700_
ré‘_i‘ L
X 600-
O 500
400-
300-
200_
100 : : : : :
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7

V [m3/kg]
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7-45

7-85E A fixed mass of helium undergoes a process from one specified state to another specified state. The entropy change
of helium is to be determined for the cases of reversible and irreversible processes.

Assumptions 1 At specified conditions, helium can be treated as an ideal gas. 2 Helium has constant specific heats at room

temperature.
Properties The gas constant of helium is R = 0.4961 Btu/lbm.R (Table A-1E). The \L
constant volume specific heat of helium is ¢,= 0.753 Btu/lbm.R (Table A-2E).
Analysis From the ideal-gas entropy change relation, He
T v T,=540R
ASy, = m(cv weln==+R ln—2) T,=660 R
’ T Yi

3
= (15 Ibm)| (0.753 Btu/Ibm-R) In G60R | (0.4961 Btu/lbm - R ) In| m
540 R 50 ft*/lbm

=-9.71Btu/R

The entropy change will be the same for both cases.

7-86 Air is expanded in a piston-cylinder device isothermally until a final pressure. The amount of heat transfer is to be
determined.

Assumptions Air is an ideal gas with constant specific heats.

Properties The specific heat of air at the given temperature of 127°C =400 K is ¢, = 1.013 kJ/kg K (Table A-2b). The gas
constant of air is R = 0.287 kJ/kg-K (Table A-2a).

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

Ein -E out - AEsystem
e S —
Net energy transfer Change in internal, kinetic,
by heat, work, and mass potential, etc. energies

Qin —Wyye =AU =m(u, —u, (sinceKE=PE =0)
Qin ~W, =AU =m(u, —u;)=0 sinceT, =T,
Qin :Wout
The boundary work output during this isothermal process is

P
W, = MRT 1nP—1 = (1kg)(0.287 kJ/kg - K)(127 +273 Kt 220KP2 _ 24 6 ks

X 100 kPa

Thus,
Qiy =W, =79.6kJ
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7-46
7-87 Argon is expanded in an adiabatic turbine. The exit temperature and the maximum work output 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 Argon is an ideal gas with constant specific heats.

Properties The properties of argon are ¢, = 0.2081 kJ/kg-K and k = 1.667 (Table A-2b).

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:
Ein = Eout = AESystem (sready) =0 gé\(/)lfg
D —_—
Rate of net energy transfer  Rate of change in internal, kinetic,
by heat, work, and mass potential, etc. energies Argon
E =E,, turbine

out

W,y =m(hy —hy)

Wout = h, —h, T
For the minimum work input to the compressor, the process must be
reversible as well as adiabatic (i.e., isentropic). This being the case, the 2 MPa 1
exit temperature will be
(k-1)/k 0.667/1.667
P 0.2 MPa
T,=T,|2 — (500 + 273 K| 220 KPa_ =308K 2
P, 2000 kPa S

Substituting into the energy balance equation gives

Wy =hy —hy =c, (T; —T,) =(0.2081 kl/kg - K)(773— 308)K = 96.8 kJ/kg
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7-47

7-88E Air is compressed in an isentropic compressor. The outlet temperature and the work input are 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 Air is an ideal gas with constant specific heats.

Properties The properties of air at an anticipated average temperature of 400°F are ¢, = 0.245 Btu/lbm'R and k = 1.389

(Table A-2Eb).

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

E' _ E AE'SystemZO (steady) =0

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

E, =E

n out

in out

mhl +Win = mh2

W, = m(hz - hl)

The process is reversible as well as adiabatic (i.e., isentropic). This
being the case, the exit temperature will be

(k=1)/k )
P
T,=T,| 2 — (70 + 460 R)| 200 PSIa
P, 15 psia

0.389/1.389
j =1095R

Substituting into the energy balance equation gives

compressor

15 psia
70°F
T
200 psia 2
15 psia |

w;, =h, —h; =¢, (T, =T;) =(0.245 Btw/lbm - R)(1095 — 530)R =138 Btu/lbm

Discussion The average air temperature is (530+1095)/2=813 K = 353°F, which is sufficiently close to the assumed

average temperature of 400°F.
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7-48

7-89 One side of a partitioned insulated rigid tank contains an ideal gas at a specified temperature and pressure while the
other side is evacuated. The partition is removed, and the gas fills the entire tank. The total entropy change during this
process is to be determined.

Assumptions The gas in the tank is given to be an ideal gas, and thus ideal gas relations apply.
Analysis Taking the entire rigid tank as the system, the energy balance 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, —u,)
UZ = Ul
T2 = Tl

since U = U(T) for an ideal gas. Then the entropy change of the gas becomes

&0
AS =N| Ty 4e ln:_—2 +R, ln%} =NR, ln%
1 1 1

= (5 kmol)8.314 kJ/kmol - K ) In(2)

=28.81 kJ/K

This also represents the total entropy change since the tank does not contain anything else, and there are no interactions
with the surroundings.
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7-49

7-90 Air is compressed in a piston-cylinder device in a reversible and adiabatic manner. The final temperature and the work
are to be determined for the cases of constant and variable specific heats.

Assumptions 1 At specified conditions, air can be treated as an ideal gas. 2 The process is given to be reversible and
adiabatic, and thus isentropic. Therefore, isentropic relations of ideal gases apply.

Properties The gas constant of air is R = 0.287 kJ/kg.K (Table A-1). The specific heat ratio of air at the anticipated
average temperature of 425 K is k= 1.393 and R = 0.730 kJ/kg.K (Table A-2a).

Analysis (a) Assuming constant specific heats, the ideal gas isentropic relations give

(k-1)/k
T, =T, P =(295K 900 kPa
P, 90 kPa

0.393/1.393
] =564.9K

Since T, =(295+565)2=430K

the assumed average temperature (425 K) is close enough to his value.

We take the air in the cylinder as the system. The energy balance for this stationary Reversible
closed system can be expressed as
E,-E AE

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

Wi, =AU =m(u, —u;) =me, (T, - T))

in out system

Thus,

Wi, =Cy e (T =Ty )=(0.730 ki/kg - K )(564.9 — 295)K =197.0 kJ/kg

v,avg
(b) Assuming variable specific heats, the final temperature can be determined using the relative pressure data (Table A-17),

P, =1.3068
1

T,=295K —>
U, =210.49 kl/kg

and

T, =564.9 K

P, 900 kPa
P =-2P = ’
u, =408.09 kl/kg

=2P =——(1.3068)=13.068 —
> p " 90kPa
Then the work input becomes

W, =U, — U, =(408.09 —210.49) kJ/kg =197.6 kd/kg
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7-50

EE
7-91 E Problem 7-90 is reconsidered. The work done and final temperature during the compression process are to be
calculated and plotted as functions of the final pressure for the two cases as the final pressure varies from 100 kPa to 1200
kPa.

Analysis The problem is solved using EES, and the results are tabulated and plotted below.

Procedure ConstPropSol(P_1,T_1,P_2,Gas$:Work_in_ConstProp,T2_ConstProp)
C_P=SPECHEAT(Gas$,T=27)
MM=MOLARMASS(Gas$)

R _u=8.314 [kJ/kmol-K]

R=R_u/MM

CV=CP-R

k=C_P/C_V

T2= (T_1+273)*(P_2/P_1)((k-1)/k)
T2_ConstProp=T2-273 "[C]"
DELTAu = C_v*(T2-(T_1+273))
Work_in_ConstProp = DELTAuU

End
"Knowns:"
P_1 =90 [kPa]
T 1=22][C]

"P_2 =900 [kPa]"

"Analysis: "

" Treat the piston-cylinder as a closed system, with no heat transfer in, neglect

changes in KE and PE of the air. The process is reversible and adiabatic thus isentropic."”
"The isentropic work is determined from:"

e in-e_out=DELTAe_sys

e _out = 0 [kJ/kg]

e _in=Work_in

DELTAE sys=(u_2-u_1)

u_1=INTENERGY/((air,T=T_1)
v_1 = volume(air,P=P_1,T=T_1)
s_1 = entropy(air,P=P_1,T=T_1)

" The process is reversible and adiabatic or isentropic. "
s 2=s1

u_2 = INTENERGY (air,P=P_2,s=s_2)

T_2_isen = temperature(air,P=P_2,s=s_2)

Gas$ = "air'
Call ConstPropSol(P_1,T_1,P_2,Gas$:Work_in_ConstProp,T2_ConstProp)
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P2 Workin Workin,ConstProp TZConstProp T2,isen
[kPa] | [kJ/kg] [kJ/kg] [C] [C]
100 6.467 6.469 31.01 31.01
200 54.29 54.25 97.59 97.42
300 87.09 86.91 143.1 142.6
400 112.8 112.5 178.7 177.8
500 134.3 133.8 208.5 207
600 152.9 152.3 234.2 232.1
700 169.4 168.7 257 254.3
800 184.3 183.5 277.7 274.2
900 198 197 296.5 292.2
1000 210.5 209.5 313.9 308.9
1100 222.3 2211 330.1 324.2
1200 233.2 232 345.3 338.6

250

200/ /”/‘
150 /w/

S

Work;, [kJ/kg]

N
o
S

F\

0 200 400 600 800 1000 1200
P, [kPa]

350

300 .-/

250 /
100 J/u

50 /
0 200 400 600 800 1000 1200
P, [kPa]

N
o
o

T2 [C]
N\
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7-52

7-92 An insulated rigid tank contains argon gas at a specified pressure and temperature. A valve is opened, and argon
escapes until the pressure drops to a specified value. The final mass in the tank is to be determined.

Assumptions 1 At specified conditions, argon can be treated as an ideal gas. 2 The process is given to be reversible and
adiabatic, and thus isentropic. Therefore, isentropic relations of ideal gases apply.

Properties The specific heat ratio of argon is k= 1.667 (Table A-2).

Analysis From the ideal gas isentropic relations,

(k=1)/k 0.667/1.667
P
T,=T,| = =(303K 200kPa =219.0K 4 kg
] 450 kPa 450 kPa
. . . . . 30°C
The final mass in the tank is determined from the ideal gas relation,
PV mRT P, T 200 kPa 303 K
= - 11 m, = =1 mlz( ak )(4kg):2.46kg
P, m,RT, PT, (450 kPa)219K)
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7-53

13
7-93 E Problem 7-92 is reconsidered. The effect of the final pressure on the final mass in the tank is to be investigated
as the pressure varies from 450 kPa to 150 kPa, and the results are to be plotted.

Analysis The problem is solved using EES, and the results are tabulated and plotted below.

"Knowns:"

c_p =0.5203 [kJ/kg-K ]
c_v=0.3122 [kJ/kg-K ]
R=0.2081 [kPa-m"3/kg-K]
P_1=450 [kPa]
T_1=30][C]

m_1 =4 [kg]

P_2=150 [kPa]

"Analysis:
We assume the mass that stays in the tank undergoes an isentropic expansion process. This allows us to
determine the final temperature of that gas at the final pressure in the tank by using the isentropic relation:"
k=c plc v
T 2= (T_1+273)*(P_2/P_1)"((k-1)/k)-273)
v2=V_1
*V_1=m_1*R*(T_1+273)
2=m

1*V_
2%/ _2=m_2*R*(T_2+273)

P> my
[kPa] [ka]

150 2.069
200 2.459
250 2.811 _
300 3.136 B
350 3.44 =,
400 3.727 ~
450 4 S

150 200 250 300 350 400 450
P, [kPa]
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7-54
7-94E Air is accelerated in an adiabatic nozzle. Disregarding irreversibilities, the exit velocity of air is to be determined.

Assumptions 1 Air is an ideal gas with variable specific heats. 2 The process is given to be reversible and adiabatic, and
thus isentropic. Therefore, isentropic relations of ideal gases apply. 2 The nozzle operates steadily.

Analysis Assuming variable specific heats, the inlet and exit properties are determined to be

P, =1230
T, =1000 R —> ! \
hy = 240.98 Btw/lbm

and 1 AR 2

: T, =6359R
po=p 2P0y 04 s 2 —
* B " 60psia h, =152.11 Btu/lbm

We take the nozzle as the system, which is a control volume. The energy balance for this steady-flow system can be
expressed in the rate form as

E.in - E.out = AE.System&’o (steady) =0
Rate of net energy transfer  Rate of change in internal, kinetic,
by heat, work, and mass potential, etc. energies

E.in = E.out
m(h, +V,*/2) = m(h, + V5/2)
2 g2
hy—h 22—V _ g
Therefore,
25,037 ft?/s*
V, =y2(h, —h,)+V = [2(240.98-152.11)Btw/lbm| === = | (200 f/s)?
1 Btu/Ibm
= 2119 ft/s
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7-55

7-95 Air is expanded in an adiabatic nozzle by a polytropic process. The temperature and velocity at the exit are to be
determined.

Assumptions 1 This is a steady-flow process since there is no change with time. 2 There is no heat transfer or shaft work
associated with the process. 3 Air is an ideal gas with constant specific heats.

Properties The properties of air at room temperature are ¢, = 1.005 kJ/kg'K and k = 1.4 (Table A-2a).

Analysis For the polytropic process of an ideal gas, Pv" = Constant , and the exit temperature is given by

(n=1)/n 0.3/1.3
P
T, =T,| = - (373 K)(—ZOO kP"‘j 279K

P, 700 kPa

There is only one inlet and one exit, and thus m; =M, = M. We take nozzle 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 (steady) _
Ein - Eout - AEsystem =0
D —— e ———
Rate of net energy transfer  Rate of change in internal, kinetic,
by heat, work, and mass potential, etc. energies

- = Eou 0kPa o —

E
100°cc  _Alr_ 200 kPa

. V2 ) VS 30 m/s /

m hl+7 =m h2+7)

2 2
h1 +VL=h2 +V_2
2 2

Solving for the exit velocity,

V, = [\/12 +2(h, - hz)]o's
oV T A

0.5
1000 m?/s> H

=| (30m/s)? +2(1.005 ki/kg - K)(373 - 279)K
(30m/s)” +2( g-K)( )[ Tk

=436 m/s
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7-56

7-96 Air is expanded in an adiabatic nozzle by a polytropic process. The temperature and velocity at the exit are to be
determined.

Assumptions 1 This is a steady-flow process since there is no change with time. 2 There is no heat transfer or shaft work
associated with the process. 3 Air is an ideal gas with constant specific heats.

Properties The properties of air at room temperature are ¢, = 1.005 kJ/kg'K and k = 1.4 (Table A-2a).

Analysis For the polytropic process of an ideal gas, Pv" = Constant , and the exit temperature is given by

(n=)/n 0.1/1.1
P
T, =T| = - (373 K)(—zoo kpaj 333K

P, 700 kPa

There is only one inlet and one exit, and thus m; = M, = M. We take nozzle 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

_ E _ AE 20 (steady) =0

out system

| —
Rate of net energy transfer  Rate of change in internal, kinetic

by heat, work, and mass potential, etc. energies ' \
. . 700 kPa

in

E, =E,, o Ai
in = Eout 100°C ir, 200 kPa
il b Y |l 2 V2 oms___——
P 71 2
V2 V2
hl +;=h2 -2
2 2

Solving for the exit velocity,

Vv, = B/lz +2(h —h, )]0'5
= B/lz +2¢,(T, - T, )]0'5

0.5
1000 m2/s> H

=] (30 m/s)? + 2(1.005 kJ/kg - K)(373 — 333)K
( $)” +2( g - K)( )( Tk

=286 m/s
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7-57

7-97 Air is expanded in a piston-cylinder device until a final pressure. The maximum work input is given. The mass of air
in the device is to be determined.

Assumptions Air is an ideal gas with constant specific heats.
Properties The properties of air at 300 K is ¢, = 0.718 kJ/kg-K and k= 1.4 (Table A-2a).

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

Ein - Eout = AE

system
Net energy transfer Change in internal, kinetic, T
by heat, work, and mass potential, etc. energies
-W,,, =AU =m(u, —u;) (sinceQ=KE=PE=0) 600 kPa 5
For the minimum work input to the compressor, the process must be
reversible as well as adiabatic (i.e., isentropic). This being the case, the 100 kP
exit temperature will be el
S
(k=1)/k 0.4/1.4
P.
T,=T,| 2 _ @27+ 273 K)[ 100KPa ~419.5K
P, 600 kPa
Substituting into the energy balance equation gives
w 1000 kJ
Wou =M(U; —Uy) =mce, (T, =T,) ol 4.97kg

m= = -
c,(T,-T,) (0.718kJ/kg-K)(700—419.5)K
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7-58

7-98 Helium is compressed in a steady-flow, isentropic compressor. The exit temperature and velocity are 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 Helium is an ideal gas with constant specific heats.

Properties The properties of helium are ¢, = 5.1926 kJ/kg'K and k= 1.667 (Table A-2b).

Analysis (a) 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
E'in _ Eout _ AE J0 (steady) -0

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

system

E.in = Eout

V2 . vy ;
m h1+# +W, =m h2+72 (since Q = Ape = 0)

600 kPa

Helium
compressor

100 kPa
27°F

The process should be isentropic for minimum work input. This being the case, the exit temperature will be

0.6671.667
j =614.4K

p, | 600 kPa
T, =T, (—ZJ =(27+273 K)(—
P T

1 100 kPa

(b) Solving the energy balance for the exit velocity and substituting,

2 2
2 2

y 2 \2
(hy —hy)+ N MJ

m 2

r . 0.5
V, =|V? + 2{(h1 —hy)+ W}“ H
m

r . 0.5
W.
=|Vv? +2{cp(T1 ~T,)+—=2 ﬂ
m

200 psia 2

100 kPa

=[0+2/(5.1926 kJ/kg - K)(300 — 614.4)K +
0.6 kg/s

=261.2m/s

5 5\
1000 kW | 1000 m~/s
1kJ/kg
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7-59

7-99 Air is expanded adiabatically in a piston-cylinder device. The entropy change is to be determined and it is to be
discussed if this process is realistic.

Assumptions 1 Air is an ideal gas with constant specific heats.

Properties The properties of air at 300 K are ¢, = 1.005 kl/kg'K, c,= 0.718 kJ/kg-K and k = 1.4. Also, R = 0.287 kl/kg-K
(Table A-2a).

Analysis (a) 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 = AE

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

Wy =AU =m(u, —u;) (sinceQ=KE=PE=0)
_Wout = mcv (T2 - T] )
Solving for the final temperature,

w
U = (427 +273K) - 600kJ =5329K

W_ . =mc -T,)—>T, =T, - -
out vl =Ty) 2771 mc, (5kg)(0.718 kJ/kg - K)

From the entropy change relation of an ideal gas,

T P
ASy =Cp In—>-RIn—%
T

1 1

air

5329K 100 kPa

=(1.005kJ/kg - K)In —(0.287kJ/kg - K)In
¢ gk 700K ( &%) 600 kPa

-0.240kJ/kg -K

(b) Since the entropy change is positive for this adiabatic process, the process is irreversible and realistic.
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7-60

7-100 Air contained in a constant-volume tank s cooled to ambient temperature. The entropy changes of the air and the
universe due to this process are to be determined and the process is to be sketched on a T-s diagram.

Assumptions 1 Air is an ideal gas with constant specific heats.

Properties The specific heat of air at room temperature is ¢, =0.718 kJ/kg.K

(Table A-2a).
Analysis (a) The entropy change of air is determined from Air
S5kg
T
AS,;, = mc, 1nT—2 327°C
! 100 kPa
= (5kg)(0.718 kJ/kg.K)lnw
(327+273)K
=-2.488kJ/K
(b) An energy balance on the system gives T 1
327°C T
Qout =Me, (T, = T,) air
= (5kg)(0.718 kJ/kg.K)(327 — 27) 5
=1077kJ — .
The entropy change of the surroundings is 1 surr 2
ASgy = Qo _1077K 3.59 kI/K
T 300 K S

surr
The entropy change of universe due to this process is

Sgen = ASyoa = Ay +AS,,, = ~2.488+3.59 = 1.10kJ/K
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7-61

7-101 A container filled with liquid water is placed in a room and heat transfer takes place between the container and the air
in the room until the thermal equilibrium is established. The final temperature, the amount of heat transfer between the
water and the air, and the entropy generation are to be determined.

Assumptions 1 Kinetic and potential energy changes are negligible. 2 Air is an ideal gas with constant specific heats. 3 The
room is well-sealed and there is no heat transfer from the room to the surroundings. 4 Sea level atmospheric pressure is
assumed. P = 101.3 kPa.

Properties The properties of air at room temperature are R = 0.287 kPa.m’/kg K, cp = 1.005 kJ/kg. K, ¢,= 0.718 kJ/kg.K.
The specific heat of water at room temperature is ¢, = 4.18 kJ/kg.K (Tables A-2, A-3).

Analysis (a) The mass of the air in the room is
Room
101.3kP ’
- PV _ (10 33 a)(90m~) _111.5ke 90 m’
RTa  (0.287 kPa-m”/kg-K)(12+ 273 K) 12°C
t
An energy balance on the system that consists of the water in the container and Z\;aker
the air in the room gives the final equilibrium temperature 950 ég

0=mycC, (T, =Ty)+myc, (T, —Ty)
0=(45kg)(4.18kJ/kg. K)(T, -95)+(111.5kg)(0.718 kJ/kg K)(T, -12) ——>T, =70.2°C

(b) The heat transfer to the air is

Q=m,c, (T, —T, ) =(111.5kg)(0.718 kI/kg.K)(70.2 —12) = 4660 kJ

(c) The entropy generation associated with this heat transfer process may be obtained by calculating total entropy change,
which is the sum of the entropy changes of water and the air.

AS, = MG,y In2 = (45 kg)(4.18 k/kg K)in L2 E 2K 15 gk
T (95+273)K
3
p,  MaRT _ (1115kg)(0.287 kPa.m ékg K)(702+273K) _ 10 o
v (90m°)
T P
AS, = ma[cp In—2-R 1n—2J
al 1
70.2+273)K
— (111.5kg)| (1005 kikg Kyin TO22TIK 6 e ke Kyin—22KP3 | _ 14 8810k
(12+273) K 101.3kPa

Sgen = AS o = AS,, +AS, =-13.11+14.88 = 1.77kJ/K
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7-62

7-102 An ideal gas is compressed in an isentropic compressor. 10% of gas is compressed to 600 kPa and 90% is
compressed to 800 kPa. The compression process is to be sketched, and the exit temperatures at the two exits, and the mass
flow rate into the compressor are to be determined.

Assumptions 1 The compressor operates steadily. 2 The process is reversible-adiabatic (isentropic)
Properties The properties of ideal gas are given to be ¢, = 1.1 kJ/kg.K and ¢, = 0.8 kJ/kg K.
Analysis (b) The specific heat ratio of the gas is

¢ P, =800 kP
k==Ll 375 . 4
CV '8 %
The exit temperatures are determined from ideal gas isentropic relations to be
- & (k=1)/k . (15 ok 600 kPa 0.375/1.375 ssosk COMPRESSOR:
TR 100 kPa ' /v 32 kW
(k=1)/k 0.375/1.375
P —
e T Y [
: : P, =100 kPa
(c) A mass balance on the control volume gives T,=288K
where
. . Ps
m2 = O lml T
m; =0.9m, P,

We take the compressor as the system, which is a control
volume. The energy balance for this steady-flow system can be P,
expressed in the rate form as

- - _ . J0 (steady) _
Ein - Eout - AEsystem =0
Rate of net energy transfer  Rate of change in internal, kinetic,
by heat, work, and mass potential, etc. energies
. S
Ein - Eout

mc, T, +Wi, = 0.1m,c,T, +0.9mc, T,

Solving for the inlet mass flow rate, we obtain

m _ Win
=
C,p[0.1(T, =T)) +0.9(T5 - T))]
~ 32kW
(1.1kJ/kg - K)[0.1(469.5 — 288) + 0.9(507.8 — 288)]
=0.1347 kg/s
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7-103E Air is charged to an initially evacuated container from a supply line. The minimum temperature of the air in the
container after it is filled is to be determined.

Assumptions 1 This is an unsteady process since the conditions within the device are changing during the process, but it
can be analyzed as a uniform-flow process since the state of fluid at the inlet remains constant. 2 Air is an ideal gas with
constant specific heats. 3 Kinetic and potential energies are negligible. 4 There are no work interactions involved. 5 The
tank is well-insulated, and thus there is no heat transfer.

Properties The specific heat of air at room temperature is ¢, = 0.240 Btu/lbm'R (Table A-2Ea).

Analysis We take the tank as the system, which is a control volume since mass crosses the boundary. Noting that the
microscopic energies of flowing and nonflowing fluids are represented by enthalpy h and internal energy u, respectively,
the mass and entropy balances for this uniform-flow system can be expressed as

Mass balance:

My = Moy = Amsystem

m; =m, -m Air  — 200 psia, 100°F
mi = m2

Entropy balance:
m,s, —m;S; +MgS, —m;s; =0
m,s, —m;s; 20

Evacuated

Combining the two balances,
m,s, —m,s; =0
S, —8; 20
The minimum temperature will result when the equal sign applies. Noting that P, = P;, we have
T P T
$,-5; =CyIn—=-RIn-2=0——c,In2=0
i [ i
Then,
T, =T; =100°F

PROPRIETARY MATERIAL. © 2011 The McGraw-Hill Companies, Inc. Limited distribution permitted only to teachers and educators for course
preparation. If you are a student using this Manual, you are using it without permission.



www.semeng.ir

www. 20f 11 e. org

7-64

Reversible Steady-Flow Work

7-104C The work associated with steady-flow devices is proportional to the specific volume of the gas. Cooling a gas
during compression will reduce its specific volume, and thus the power consumed by the compressor.

7-105C Cooling the steam as it expands in a turbine will reduce its specific volume, and thus the work output of the
turbine. Therefore, this is not a good proposal.

7-106C We would not support this proposal since the steady-flow work input to the pump is proportional to the specific
volume of the liquid, and cooling will not affect the specific volume of a liquid significantly.

7-107E Air is compressed isothermally in a reversible steady-flow device. The work required is to be determined.

Assumptions 1 This is a steady-flow process since there is no change with time. 2 There is no heat transfer associated with
the process. 3 Kinetic and potential energy changes are negligible. 4 Air is an ideal gas with constant specific heats.

Properties The gas constant of air is R = 0.06855 Btu/lbm'R (Table A-1E).

Analysis Substituting the ideal gas equation of state into the reversible 80 psia
steady-flow work expression gives 90°F
i rdp P
w;, = [odP = RT [ == RT In -2 Compressor
P P
I 1
80 psia
— (0.06855 Btu/Ibm - R)(90 + 460 K)ln| =" .
13 psia 13 psia
90°F

=68.5Btu/lbm
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7-108 Saturated water vapor is compressed in a reversible steady-flow device. The work required is to be determined.

Assumptions 1 This is a steady-flow process since there is no change with time. 2 There is no heat transfer associated with
the process. 3 Kinetic and potential energy changes are negligible.

Analysis The properties of water at the inlet state are

T, =150°C | P, =476.16kPa
(Table A -4)

x =1 v, =0.39248 m’ /kg

Compressor

Noting that the specific volume remains constant, the reversible steady-flow work
expression gives

Water
150°C
w, =|uWP=v,(P,-P) sat. vap.

m

———

=(0.39248 m? /kg)(1000-476.1 6)kPa(&3j
1kPa-m

=205.6 kJ/kg

7-109E The reversible work produced during the process shown in the figure is to be determined.

Assumptions The process is reversible.

Analysis The work produced is equal to the areas to the left of P
the reversible process line on the P-v diagram. The work done .
. . (psia)
during the process 2-3 is zero. Then, 3 2
s 300 <
wyy =, +0= [P =722 (P, - )
1 1
15
3
_ (1+3.3)ft"/Ibm (300 — 15)psia 1 Btu A i ;
2 5.404 psia - ft° 3 v (ft’/Ibm)

=113.4 Btu/lbm
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7-66
7-110 The reversible work produced during the process shown in the figure is to be determined.
Assumptions The process is reversible.

Analysis The reversible work relation is

P
2 (kPa)
Wy, = I wlP
12 1 600 | 2
When combined with the ideal gas equation of state
RT 200 1
v=—o-
P

The work expression reduces to 0.002 v(m’/kg)

2 2
P P
W, =J'udP =—RTJ.d—P=—RT In—2 =—P,u, In—2
| P R i

1

— (600 kPa)(0.002 m /kg)in 200 kP2 ( 1kJ j

200kPa \ 1kPa - m3
=-1.32kJ/kg

The negative sign indicates that work is done on the system in the amount of 1.32 kJ/kg.

7-111 Liquid water is to be pumped by a 25-kW pump at a specified rate. The highest pressure the water can be pumped to
is to be determined.

Assumptions 1 Liquid water is an incompressible substance. 2 Kinetic and potential energy changes are negligible. 3 The
process is assumed to be reversible since we will determine the limiting case.

Properties The specific volume of liquid water is given to be v; = 0.001 m’/kg.

Analysis The highest pressure the liquid can have at the pump exit can be determined from the reversible steady-flow work
relation for a liquid,

. 2
W, :mU udP+Ake<9°+Ape<y°j=mul(Pz—Pl) P,
1
Thus,
3 1kJ 25 kW
a-m
It yields
P, =5100 kPa 100 kPa
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7-67

7-112 A steam power plant operates between the pressure limits of 5 MPa and 10 kPa. The ratio of the turbine work to the
pump work is to be determined.

Assumptions 1 Liquid water is an incompressible substance. 2 Kinetic and potential energy changes are negligible. 3 The
process is reversible. 4 The pump and the turbine are adiabatic.

Analysis Both the compression and expansion processes are reversible and adiabatic, and thus isentropic,

Sy =5, and S; = S4. Then the properties of the steam are

P4 =10 kPa h4 :hg@IOkPa =2583.9 kJ/kg 3
sat.vapor S4 =Sg@iokpa = 3-1488 kl/kg-K
P, =5 MPa
hy =4608.1 kl/kg
S3=54 HO |3

Also, v = Vi@ 10kpa = 0.00101 m’/kg.

The work output to this isentropic turbine is determined from
the steady-flow energy balance to be

Ein _ Eout _ AE J0 (steady) -0

system

H—/ -~ Y
Rate of net energy transfer  Rate of change in internal, kinetic,
by heat, work, and mass potential, etc. energies

E'in = E.out
mh3 = mh4 +Wout

Wout = m(h3 - h4)
Substituting,

w hy —h, =4608.1—2583.9=2024.2 kl/kg

turbout —

The pump work input is determined from the steady-flow work relation to be

2
w =L vdP + Ake®? + Ape?® =y, (P, - P))

pump,in

=(0.00101 m*/kg)(5000 — 10)@a(&j

1kPa-m?
=5.041kl/kg
Thus,
W[‘urb,()ut _ 2024.2 _ 402
Woump,in ~ 0-041
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7-68

EE
7-113 E Problem 7-112 is reconsidered. The effect of the quality of the steam at the turbine exit on the net work output
is to be investigated as the quality is varied from 0.5 to 1.0, and the net work output us to be plotted as a function of this
quality.

Analysis The problem is solved using EES, and the results are tabulated and plotted below.

"Knowns:"
WorkFluid$ = 'Steam_IAPWS'
P[1] = 10 [kPa]

X[1]=0
P[2] = 5000 [kPa]
X[4] = 1.0

"Pump Analysis:"
T[1]=temperature(WorkFluid$,P=P[1],x=0)
v[1]=volume(workFluid$,P=P[1],x=0)
h[1]=enthalpy(WorkFluid$,P=P[1],x=0)
s[1]=entropy(WorkFluid$,P=P[1],x=0)

s[2] = s[1]
h[2]=enthalpy(WorkFluid$,P=P[2],s=s[2])
T[2]=temperature(WorkFluid$,P=P[2],s=s[2])

"The Volume function has the same form for an ideal gas as for a real fluid."
v[2]=volume(WorkFluid$,T=T[2],p=P[2])

"Conservation of Energy - SSSF energy balance for pump"
" -- neglect the change in potential energy, no heat transfer:"
h[1]+W_pump = h[2]

"Also the work of pump can be obtained from the incompressible fluid, steady-flow result:"
W_pump_incomp = v[1]*(P[2] - P[1])

"Conservation of Energy - SSSF energy balance for turbine -- neglecting the change in potential energy, no
heat transfer:"

P[4] = P[1]

P[3] = P[2]
h[4]=enthalpy(WorkFluid$,P=P[4],x=x[4])
s[4]=entropy(WorkFluid$,P=P[4],x=x[4])
T[4]=temperature(WorkFluid$,P=P[4],x=X[4])
s[3] = s[4]
h[3]=enthalpy(WorkFluid$,P=P[3],s=s[3])
T[3]=temperature(WorkFluid$,P=P[3],s=s[3])
h[3] = h[4] + W_turb

W_net_out =W_turb - W_pump

PROPRIETARY MATERIAL. © 2011 The McGraw-Hill Companies, Inc. Limited distribution permitted only to teachers and educators for course
preparation. If you are a student using this Manual, you are using it without permission.



www.semeng.ir

www. 20f 11 e. org

7-69
X4 Wnet,out 2100 T T T T T
[kJ/kg]
0.5 555.6
0.55 637.4 —. 1750
0.6 719.2 S
0.65 801 =
0.7 882.8 = 1400
0.75 971.2 —
0.8 1087 3
0.85 1240 o
0.9 1442 c 1050
0.95 1699 =
1 2019 700
0.5
1100 L e S'tean: S T T T T T T
1000 | ]
900 | ]
800 |- A
700 .
T 600 . ]
= s500| ]
400} i
300 ]
200 A
100 i
1 | 1

o
o
=
[E
N
N
w
w

44 55 6.6 7.7 88 99 110
s [kJ/kg-K]
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7-70

7-114 Liquid water is pumped by a 70-kW pump to a specified pressure at a specified level. The highest possible mass
flow rate of water is to be determined.

Assumptions 1 Liquid water is an incompressible substance. 2 Kinetic energy changes are P,=35 MPa T
negligible, but potential energy changes may be significant. 3 The process is assumed to
be reversible since we will determine the limiting case.

Properties The specific volume of liquid water is given to be v; = 0.001 m*/kg.

Analysis The highest mass flow rate will be realized when the entire process is reversible.
Thus it is determined from the reversible steady-flow work relation for a liquid,

W, = m“zu dP + Ake”© +Apej =m{v(P,-R)+9(z,-7)}
1

Thus, T

P, = 120 kPa
1K 1 kJ/kg J}

———— [+ (9.8 m/s*)(10 m
lkPa-m3j ( X )(1000 m’/s’

7klls = m{(o.om m*/kg)(5000 — 120)kPa[

It yields
m=1.41kg/s
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7-71

7-115E Helium gas is compressed from a specified state to a specified pressure at a specified rate. The power input to the
compressor is to be determined for the cases of isentropic, polytropic, isothermal, and two-stage compression.

Assumptions 1 Helium is an ideal gas with constant specific heats. 2 The process is reversible. 3 Kinetic and potential
energy changes are negligible.

Properties The gas constant of helium is R = 2.6805 psia.ft’/Ibm.R = 0.4961 2
Btu/lbm.R. The specific heat ratio of helium is k = 1.667 (Table A-2E).

Analysis The mass flow rate of helium is

W
j - 3 He 3
o P _ (16 p51a3><10 ft /s) —0.1095 Ibm/s
RT,  (2.6805 psia - ft*/lbm - R[545 R)
(a) Isentropic compression with k= 1.667: T 10 f¥/s

(k-1)/k
. kRT P 1
Wcom in = m 1 ( 2 ] -1
pin = { P,

(1.667)(0.4961 Btw/lbm - R 545 R |( 120 psia ) """’ .
1.667 -1 16 psia

=(0.1095 Ibm/s)

=91.74 Btu/s
=129.8hp since 1 hp = 0.7068 Btu/s

(b) Polytropic compression with n=1.2:

(n-1)/n
W i nRT, i 1
comp,in n _ 1 Pl

(1.2)(0.4961 Btu/lbm - R)(545 R){[IZO psia)OAz/l.z ) 1}

=(0.1095 Ibm/s) :
1.2-1 16 psia

=70.89 Btu/s
=100.3 hp since 1 hp = 0.7068 Btu/s
(c) Isothermal compression:
120 psia

P
=mRT 1an =(0.1095 1bm/s)0.4961 Btu/lbm - R )(545 R)lnT =59.67 Btu/s =84.42 hp
| psia

w

comp,in

(d) Ideal two-stage compression with intercooling (n = 1.2): In this case, the pressure ratio across each stage is the same,
and its value is determined from

P, = \/Pl P, = x/(16 psia)(lZO psia) =43.82 psia

The compressor work across each stage is also the same, thus total compressor work is twice the compression work for a
single stage:

(n-1)/n
. . _NRT, | P
comp,in — 2chomp,I =2m n— i {(??J - 1}

W
. N\0.2/12
1.2)(0.4961 Btw/Ibm - R }(545 R) {( 4382 ps1a] ~ 1}

=2(0.1095 lbm/s)(

1.2-1 14 psia
=64.97 Btu/s

=91.92hp since 1 hp = 0.7068 Btu/s

PROPRIETARY MATERIAL. © 2011 The McGraw-Hill Companies, Inc. Limited distribution permitted only to teachers and educators for course
preparation. If you are a student using this Manual, you are using it without permission.



www.semeng.ir

www. 20f 11 e. org

7-72

EE
7-116E E Problem 7-115E is reconsidered. The work of compression and entropy change of the helium is to be
evaluated and plotted as functions of the polytropic exponent as it varies from 1 to 1.667.

Analysis The problem is solved using EES, and the results are tabulated and plotted below.

"Given"

P1=16 [psia]
T1=85+460

V1 _dot=10 [ft"3/s]
P2=120 [psia]
n=1.2

"Properties”

R=0.4961 [Btu/lbm-R]
R1=2.6805 [psia-ft*3/Ibm-R]
k=1.667

¢_p=1.25 [Btu/lbm-R]

"Analysis"

m_dot=(P1*V1_dot)/(R1*T1)
W_dot_comp_in_a=m_dot*(k*R*T1)/(k-1)*((P2/P1)"((k-1)/k)-1)*Convert(Btu/s, hp)
W_dot_comp_in_b=m_dot*(n*R*T1)/(n-1)*((P2/P1)"((n-1)/n)-1)*Convert(Btu/s, hp)
W_dot_comp_in_c=m_dot*R*T1*In(P2/P1)*Convert(Btu/s, hp)

P_x=sqrt(P1*P2)
W_dot_comp_in_d=2*m_dot*(n*R*T1)/(n-1)*((P_x/P1)"((n-1)/n)-1)*Convert(Btu/s, hp)

"Entropy change”
T2/T1=(P2/P1)"((n-1)/n)
DELTAS_He=m_dot*(c_p*In(T2/T1)-R*In(P2/P1))

n Wcomp,in,a Wcomp,in,b Wcomp,in,c Wcomp,in,d ASHe
[hp] [hp] [hp] [hp] [Btu/s-R]
1 129.8 84.42 84.42 84.42 -0.1095
1.1 129.8 92.64 84.42 88.41 -0.0844
1.2 129.8 100.3 84.42 91.92 -0.0635
1.3 129.8 107.5 84.42 95.04 -0.04582
1.4 129.8 1141 84.42 97.82 -0.03066
1.5 129.8 120.3 84.42 100.3 -0.01753
1.6 129.8 126.1 84.42 102.6 -0.006036
1.667 129.8 129.8 84.42 104 0.0008937
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<1
1
1
1
1
1
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polytropic

Two-stage polytropic

isothermal

0.9 1 1.1 1.2 1.3 1.4 1.5 1.6

=
\l

0.02 T T T T T T T

-0.02

-0.04

-0.06

ASHe [Btu/s-R]

1 1.1 1.2 1.3 1.4 1.5 1.6 1.7

PROPRIETARY MATERIAL. © 2011 The McGraw-Hill Companies, Inc. Limited distribution permitted only to teachers and educators for course
preparation. If you are a student using this Manual, you are using it without permission.



www.semeng.ir

www. 20f 11 e. org

7-74

7-117 Water mist is to be sprayed into the air stream in the compressor to cool the air as the water evaporates and to reduce
the compression power. The reduction in the exit temperature of the compressed air and the compressor power saved are to
be determined.

Assumptions 1 Air is an ideal gas with variable specific heats. 2 The process is reversible. 3 Kinetic and potential energy
changes are negligible. 3 Air is compressed isentropically. 4 Water vaporizes completely before leaving the compressor. 4
Air properties can be used for the air-vapor mixture.

Properties The gas constant of air is R = 0.287 kJ/kg.K (Table A-1). The specific heat ratio of air is k = 1.4. The inlet
enthalpies of water and air are (Tables A-4 and A-17)

hwl = hf@zooc =83.29 kJ/kg . hfg@z()oc =2453.9 kJ/kg and hal = h@g,()()K =300.19 kJ/kg

Analysis In the case of isentropic operation (thus no cooling or water spray), the exit temperature and the power input to
the compressor are

(k=1)/k (1.4-1)/1.4
T, (P
2 _[(5 - T, =(300 K)(Mj —6102K
7, P 100 kPa

Wcomp,in

. kRT, _
= mk—_i{(Pz/Fﬁ)(k U/ —1}

(1.4)0.287 kJ/kg - K )300 K

){(1200 kPa/100 kPa )"/ — 1}: 654.3kW
1.4-1

= (2.1kg/s)

When water is sprayed, we first need to check the accuracy of the assumption
that the water vaporizes completely in the compressor. In the limiting case, the 1200 kPa
compression will be isothermal at the compressor inlet temperature, and the
water will be a saturated vapor. To avoid the complexity of dealing with two
fluid streams and a gas mixture, we disregard water in the air stream (other
than the mass flow rate), and assume air is cooled by an amount equal to the
enthalpy change of water.

2

He 3

Water
20°C
The rate of heat absorption of water as it evaporates at the inlet

temperature completely is 100 kPa

300K
Qcooling,max = MyNtg @20°c = (0.2 kg/s)(2453.9 kl/kg) = 490.8 kW !

The minimum power input to the compressor is

Wcomp,in,min

= MRT 1n% = (2.1kg/s)(0.287 kl/kg - K)(300 K) In

(1200 kPa
1

) =449 3 kW
Pa

This corresponds to maximum cooling from the air since, at constant temperature, Ah = 0 and thus Q,,, =W, = 449.3kW ,

which is close to 490.8 kW. Therefore, the assumption that all the water vaporizes is approximately valid. Then the
reduction in required power input due to water spray becomes
-W

comp, isothermal

=W,

comp, isentropic

AW

comp,in

=654.3-449.3 = 205 kKW

Discussion (can be ignored): At constant temperature, Ah = 0 and thus Qout :Win =449.3kW corresponds to maximum

cooling from the air, which is less than 490.8 kW. Therefore, the assumption that all the water vaporizes is only roughly
valid. As an alternative, we can assume the compression process to be polytropic and the water to be a saturated vapor at
the compressor exit temperature, and disregard the remaining liquid. But in this case there is not a unique solution, and we
will have to select either the amount of water or the exit temperature or the polytropic exponent to obtain a solution. Of
course we can also tabulate the results for different cases, and then make a selection.

Sample Analysis: We take the compressor exit temperature to be T, = 200°C = 473 K. Then,
hw2 = hg@200°C =2792.0 kJ/kg and haz = h@473 K= 4753 kJ/kg
Then,
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T, (P,)""" 473K (1200kPa
= -

(n-1)/n
= j — n=1.224
T, (P 300K\ 100kPa

- . NRT _ . hR
Wcomp,in =m n—ll {(Pz/Pl )(n /n _1}: mm(Tz -Ty)
1.224)0.287 kl/kg - K
= (2.1kgls) (1.224) g )(473—300)1( ~ 570 kW

1.224 -1
Energy balance:
Wcomp,in - Qout = m(hZ - hl) _>Qout :Wcomp,in - m(hZ - hl)
= 569.7 kW — (2.1kg/s)(475.3 — 300.19) = 202.0 kW

Noting that this heat is absorbed by water, the rate at which water evaporates in the compressor becomes

Quvater 202.0kJ/s
h,—h, (2792.0—83.29)kl/kg

Qout,air = Qin,water = n"]W(hWZ - hwl) > I‘hw = =0.0746 kg/s

Then the reductions in the exit temperature and compressor power input become

ATZ = TZ,isentropic _TZ,water cooled — 6102-473=137.2°C
chomp,in = Wcomp,isentropic _Wcomp,water cooled = 6543-570=84.3 kW

Note that selecting a different compressor exit temperature T, will result in different values.

7-118 A water-injected compressor is used in a gas turbine power plant. It is claimed that the power output of a gas turbine
will increase when water is injected into the compressor because of the increase in the mass flow rate of the gas (air + water
vapor) through the turbine. This, however, is not necessarily right since the compressed air in this case enters the
combustor at a low temperature, and thus it absorbs much more heat. In fact, the cooling effect will most likely dominate
and cause the cyclic efficiency to drop.
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7-76

Isentropic Efficiencies of Steady-Flow Devices

7-119C The ideal process for all three devices is the reversible adiabatic (i.e., isentropic) process. The adiabatic
efficiencies of these devices are defined as

actual work output _ insentropic work input _actual exit kineticenergy

- insentropic work output’

T C N

actual work input insentropic exit kinetic energy

7-120C No, because the isentropic process is not the model or ideal process for compressors that are cooled intentionally.

7-121C Yes. Because the entropy of the fluid must increase during an actual adiabatic process as a result of
irreversibilities. Therefore, the actual exit state has to be on the right-hand side of the isentropic exit state
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7-122E Steam is compressed in an adiabatic closed system with an isentropic efficiency of 80%. The work produced and
the final temperature are to be determined.

Assumptions 1 Kinetic and potential energy changes are negligible. 2 The device is adiabatic and thus heat transfer is
negligible.

Analysis We take the steam 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, T
by heat, work, and mass potential, etc. energies 1
=Wy =AU =m(u, —uy) " E

From the steam tables (Tables A-5 and A-6),

2s 2
P, =100 psia | u; =1233.7 Btu/Ibm S
T, =650°F | s, =1.7816 Btu/lbm-R

Sy —St  1.7816—0.47427
Stg 1.12888
Ups =Uy + Xy + Uy =298.19 + 0.9961x 807.29 =1068.4 Btu/Ibm

P, =1 MPa }XZS = =0.9961

Sys =8

The work input during the isentropic process is

Wq o = U; — Uy = (1233.7 —1068.4)Btu/Ibm = 165.3 Btu/lbm

s,out
The actual work input is then
Wa out = MisenWs o = (0.80)(165.3 Btu/lbm) =132.2 Btu/lbm
The internal energy at the final state is determined from
W =U; —Uy — U, =U; — W, =(1233.7 —132.2)Btu/lbm =1101.4 Btu/lbm
Using this internal energy and the pressure at the final state, the temperature is determined from Table A-6 to be

P, =10 psia

T, =274.6°F
u, =1101.4 Btw/Ibm
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7-123 Steam is expanded in an adiabatic turbine with an isentropic efficiency of 0.92. The power output of the turbine is 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 The device is adiabatic and thus heat transfer is negligible.

Analysis There is only one inlet and one exit, and thus m; = m, = m. We take the actual 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
: : _ : &0 (steady) _
Ein - Eout - AEsystem =0
-— - _
Rate of net energy transfer  Rate of change in internal, kinetic, Pl =3 MPa
by heat, work, and mass potential, etc. energies

s T, = 400°C
Ein = Eout

mhy =W, o +Mh,  (since Q = Ake = Ape = 0)
Wa,out = m(hl - h2)
From the steam tables (Tables A-4 through A-6),

P,=3MPa | h; =3231.7kJ/kg
T, =400°C s; =6.9235kl/kg-K

Steam
turbine
77 =92%

P, =30 kPa

S =St 6.9235-0.9441
Stg 6.8234
hys =hy +Xy5hy =289.27+(0.8763)(2335.3) = 2335.7 kl/kg

P,s =30 kPa} Xy = =0.8763

S2s =5

The actual power output may be determined by multiplying the isentropic power output with the isentropic efficiency.
Then,

Wa,out = UTWS,Out

=nrm(h; —hy)
=(0.92)(2 kg/s)(3231.7-2335.7)kl/kg
=1649 kW
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7-124 Steam is expanded in an adiabatic turbine with an isentropic efficiency of 0.85. The power output of the turbine is 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 The device is adiabatic and thus heat transfer is negligible.

Analysis There is only one inlet and one exit, and thus m; = m, =m. We take the actual 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
- - . 0 (stead:
Ein - Eout = AES}’Stem&j (steady) =0
Rate of net transft f ch Lk Py =3 MPa
ate ol net energy transier  Rate of change in internal, kinetic, _
by heat, work, and mass potential, etc. energies T, =400°C

Ein = E.out

Steam
turbine
\ 85%

mhy =W, o +Mh,  (since Q = Ake = Ape = 0)
Wi o = (N =)
From the steam tables (Tables A-4 through A-6),
P, :3MPa} h, =3231.7kl/kg P,=30kPa
T, =400°C | s, =6.9235kJ/kg-K

S =St 6.9235-0.9441
Stg 6.8234
hys =hy +Xy5hy =289.27+(0.8763)(2335.3) = 2335.7 kl/kg

P,s =30 kPa} Xy = =0.8763

S2s =5

The actual power output may be determined by multiplying the isentropic power output with the isentropic efficiency.
Then,

Wa,out = 77TWs,out
=nrm(hy —hy)
=(0.85)(2 kg/s)(3231.7 — 2335.7)kl/kg
=1523 kW
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7-125 Steam enters an adiabatic turbine at a specified state, and leaves at a specified state. The mass flow rate of the steam
and the isentropic efficiency are to be determined.

Assumptions 1 This is a steady-flow process since there is no change with time. 2 Potential energy changes are negligible.
3 The device is adiabatic and thus heat transfer is negligible.

Analysis (a) From the steam tables (Tables A-4 and A-6),
P, =7MPa | h, =3650.6 kl/kg
T, =600°C |s, =7.0910 kJ/kg-K

P2 :50 I(Pa

h,a =2780.2 kl/k
T, =150°C } 2 s

There is only one inlet and one exit, and thus m, = m, = m. We take the actual

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 2
as
E _E _ AE &0 (steady) -0
in out - system -
— —
Rate of net energy transfer  Rate of change in internal, kinetic,
by heat, work, and mass potential, etc. energies
Ein = Eout

m(hy +V,2/2) =W, +m(h, +V;*/2) (since Q = Ape = 0)

Jout

~ . Vi V2
Wa,out :_m(hZ _hl + - ) ! J

Substituting, the mass flow rate of the steam is determined to be

(140 m/s)? — (80 m/s)> ( 1kJ/kg j]

6000 kJ/s =—m| 2780.2 —3650.6 + >
2 1000 m~/s

m=6.95 kg/s

(b) The isentropic exit enthalpy of the steam and the power output of the isentropic turbine are

S, —S _
P =50 kPa Xy =350 7.0910-1.0912 _ o0
. s Stg 6.5019
2 7 hys =hy +Xpshgy =340.54 +(0.9228)(2304.7) = 2467.3 kl/kg
and
Ws,out = _m(hZS - hl + {(\/22 _Vl2 )/2})

W,

s,out

= —(6.95 kg/s) 2467.3-3650.6 + =
2 1000 m*/s

(140 m/s)* — (80 m/s)z( 1kl/kg B

=8174kW
Then the isentropic efficiency of the turbine becomes

w
n, o= OOKW 734~ 73.4%
TOW,  8174kW

S
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7-126E Combustion gases enter an adiabatic gas turbine with an isentropic efficiency of 82% at a specified state, and leave
at a specified pressure. The work output of the turbine is 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 The device is adiabatic and thus heat transfer is negligible. 4 Combustion gases can be treated as air that is an
ideal gas with variable specific heats.

Analysis From the air table and isentropic relations, 1
T —2000 R h, =504.71 Btu/lbm
b 5 P, =174.0

p | Pelp —[00PSA Y474 0)=87.0 — h,, = 417.3 Biwlbm
? R 120 psia

There is only one inlet and one exit, and thus M, = m, = m. We take the actual 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 as

Ein = Eout
mhy, =W, o +MMh, (since Q = Ake = Ape = 0)
Wa,out = m(hl - hZ)

Noting that w, = 11w, the work output of the turbine per unit mass is determined from

w, = (0.82)504.71-417.3)Btw/Ibm = 71.7 Btu/lbm
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7-127 Air is compressed by an adiabatic compressor with an isentropic efficiency of 95%. The power input is 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 The device is adiabatic and thus heat transfer is negligible. 4 Air is an ideal gas with constant specific heats.

Properties The properties of air at the anticipated average temperature of 400 K are ¢, = 1.013 kJ/kg-°C and k =
1.395 (Table A-2b).

Analysis We take the compressor as the system, which is a control volume since mass crosses the boundary. Noting that
one fluid stream enters and leaves the compressor, the energy balance for this steady-flow system can be expressed in the

rate form as
. . _ : 70 (steady) _ P, =700 kPa
Ein - Eout - AEsystcm =0 :
— R
Rate of net energy transfer  Rate of change in internal, kinetic,
by heat, work, and mass potential, etc. energies

Air

Ein = E
compressor

mh, +W,, =rh,
Wi, =m(h, —h))=mc, (T, -T,)

out

The isentropic exit temperature is P, =100 kPa
P, (k=1)/k 200 kpg \0225/1393 T,=20°C
Tos =T 5~ =(293K)| ——— =508.3K
P 100 kPa
T

The power input during isentropic process would be
V\'/S’in =mc, (Tys —T)) = (2kg/s)(1.013 kJ/kg - K)(508.3 —293)K = 436.3 kW

The power input during the actual process is

v - Wi _ 436.3kW

= =459.3 kW
ne 0.95
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7-83
7-128 Steam is expanded in an adiabatic turbine. The isentropic efficiency is 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 The device is adiabatic and thus heat transfer is negligible.

Analysis There is only one inlet and one exit, and thus m; =m, = m. We take the actual 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
: : : 0 (stead =
E._E,, _ AEsystem&j (steady) -0 P, =4 MPa
— [e]
L.,/ - 2 T,=350°C
Rate of net energy transfer  Rate of change in internal, kinetic,
by heat, work, and mass potential, etc. energies
Ein = Eout
mh, =W, . + Mh, (since Q = Ake = Ape = 0) Stegm
' ; [ turbine
Waou =M(h; —hy)

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

P, =4 MPa | h, =3093.3kl/kg
T,=350°C | s, =6.5843kl/kg-K

P, =120kPa T
h, =2683.1kJ/kg 1

P,, =120 kPa } Xy, =0.8798 M

Sys =9 hys =2413.4kJ/kg e

P,=120 kPa

From the definition of the isentropic efficiency,

Woou m(h —h,) h —h, 30933-2683.1

aout T - = =0.603 =60.3%
w m(h, —h,s) h —hy,, 30933-24134

=

s,out
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7-84
7-129 Air is expanded by an adiabatic turbine. The isentropic efficiency is 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 The device is adiabatic and thus heat transfer is negligible. 4 Air is an ideal gas with constant specific heats.

Properties The properties of air at the anticipated average temperature of 400
K are ¢, = 1.013 kJ/kg-°C and k = 1.395 (Table A-2a). P, =2 MPa

Analysis We take the turbine as the system, which is a control volume since T, =327°C
mass crosses the boundary. Noting that one fluid stream enters and leaves the
turbine, the energy balance for this steady-flow system can be expressed in
the rate form as

: : _ : &0 (steady) _
Ein - Eout - AEsystem =0
Rate of net energy transfer  Rate of change in internal, kinetic,
by heat, work, and mass potential, etc. energies
Ein = Eout P2:100 kPa
mh; =W, ,, +mh,  (since Q = Ake = Ape = 0)

. . . T
W ot =M(h; —hy)=mc, (T, -T,)

The isentropic exit temperature is

P (k=1)/k 100 kP 0.395/1.395
T, =T, [E] = (327 +273 K)(—aJ =2569K
P 2000 kPa

From the definition of the isentropic efficiency,

Waouw  hy—hy, Cp(T-T,) T, -T, 600-273
g hy—hys ¢cp(T =Ty) T, =T,y 900-256.9

WS ,out

=0.953=95.3%

7-130 R-134a is compressed by an adiabatic compressor with an isentropic efficiency of 85%. The power required is 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 The device is adiabatic and thus heat transfer is negligible.

Analysis From the R-134a tables (Tables A-11 through A-13),

T, =20°C h, =261.59 kl/kg 1 MPa
s, =0.9223kl/kg - K

X =1(sat.vap.)

R-134a
compressor

P, =1000 kPa

hy, =273.11kJ/kg

The power input during isentropic process would be 20°C

V\'IS’in =m(h,, —h;)=(0.5kg/s)(273.11-261.59) kI/kg =5.76 kW sat. vapor
The power input during the actual process is

W
W- _ s,in 576 kW

= = =6.78 kW
nc 0.85
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7-85

7-131 Refrigerant-134a enters an adiabatic compressor with an isentropic 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 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 The device is adiabatic and thus heat transfer is negligible.

Analysis (a) From the refrigerant tables (Tables A-11E through A-13E), 2
S| =Sg@ioo kpa = 0-95183 kl/kg-K

P, =100 kPa}
Y| =Vg@iookpa =0.19254 m’/kg

sat. vapor

P, =1 MPa
h,, =282.51kl/kg
S2s =95 3, -
0.7 m’/min
From the isentropic efficiency relation, 1
st b d(hy =)/ 23444+ (28251 234.44)0.87 = 289.69 kl/k
N =Pty = L+ (hyg =y )/ =234.44+(282.51-234.44)/0.87 = 289.69 kl/kg
2a ~ '
Thus,
P,, =1 MPa

T,, =56.5°C
h,, =289.69 kl/kg

(b) The mass flow rate of the refrigerant is determined from

v, . }
N . M =0.06059 kg/s
Vi 0.19254 m-/kg
There is only one inlet and one exit, and thus M, = m, = m. We take the actual 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 as

- - _ . J0 (steady) _
Ein - Eout - AEsystem =0
—_ \ E—
Rate of net energy transfer  Rate of change in internal, kinetic,
by heat, work, and mass potential, etc. energies
E.=E

n out

V\'Ia’in +mh, =mh, (since Q = Ake = Ape = 0)

Wa,in = m(hz - hl)
Substituting, the power input to the compressor becomes,

W, ;, =(0.06059 kg/s)289.69 — 234.44 )kJ/kg = 3.35 KW
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7-86

EE
7-132 E Problem 7-131 is reconsidered. The problem is to be solved by considering the kinetic energy and by
assuming an inlet-to-exit area ratio of 1.5 for the compressor when the compressor exit pipe inside diameter is 2 cm.

Analysis The problem is solved using EES, and the solution is given below.

"Input Data from diagram window"

{P[1] = 100 [kPa]

P[2] = 1000 [kPa]

Vol_dot_1 = 0.7 [m"3/min]

Eta_c = 0.87 "Compressor adiabatic efficiency"
A _ratio=1.5

d_2=0.02 [m]}

"System: Control volume containing the compressor, see the diagram window.
Property Relation: Use the real fluid properties for R134a.

Process: Steady-state, steady-flow, adiabatic process."

Fluid$='"R134a’

"Property Data for state 1"

T[1]=temperature(Fluid$,P=P[1],x=1)"Real fluid equ. at the sat. vapor state"
h[1]=enthalpy(Fluid$, P=P[1], x=1)"Real fluid equ. at the sat. vapor state"
s[1]=entropy(Fluid$, P=P[1], x=1)"Real fluid equ. at the sat. vapor state"
v[1]=volume(Fluid$, P=P[1], x=1)"Real fluid equ. at the sat. vapor state"

"Property Data for state 2"

s_s[1]=s[1]; T_s[1]=T[1] "needed for plot"

s_s[2]=s[1] "for the ideal, isentropic process across the compressor"

h_s[2]=ENTHALPY (Fluid$, P=P[2], s=s_s[2])"Enthalpy 2 at the isentropic state 2s and pressure P[2]"
T_s[2]=Temperature(Fluid$, P=P[2], s=s_s[2])"Temperature of ideal state - needed only for plot."
"Steady-state, steady-flow conservation of mass”

m_dot_1=m_dot_2

m_dot_1 = Vol_dot_1/(v[1]*60)

Vol_dot_1/v[1]=Vol_dot_2/v[2]

Vel[2]=Vol_dot_2/(A[2]*60)

A[2] = pi*(d_2)"2/4

A_ratio*Vel[1]/v[1] = Vel[2]/v[2] "Mass flow rate: = A*Vellv, A_ratio = A[1]/A[2]"

A_ratio=A[1]/A[2]

"Steady-state, steady-flow conservation of energy, adiabatic compressor, see diagram window"
m_dot_1*(h[1]+(Vel[1])*2/(2*1000)) + W_dot_c= m_dot_2*(h[2]+(Vel[2])*2/(2*1000))

"Definition of the compressor isentropic efficiency, Eta_c=W_isen/W_act"
Eta_c = (h_s[2]-h[1])/(h[2]-h[1])

"Knowing h[2], the other properties at state 2 can be found."

v[2]=volume(Fluid$, P=P[2], h=h[2])"v[2] is found at the actual state 2, knowing P and h."
T[2]=temperature(Fluid$, P=P[2],h=h[2])"Real fluid equ. for T at the known outlet h and P."
s[2]=entropy(Fluid$, P=P[2], h=h[2]) "Real fluid equ. at the known outlet h and P."
T_exit=T[2]

"Neglecting the kinetic energies, the work is:"

m_dot_1*h[1] + W_dot_c_noke= m_dot_2*h[2]
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7-87

SOLUTION

A_ratio=1.5

d_2=0.02 [m]

Eta_c=0.87

Fluid$="R134a'
m_dot_1=0.06059 [kg/s]
m_dot_2=0.06059 [kg/s]
T_exit=56.51 [C]
Vol_dot_1=0.7 [m"3 /min]
Vol_dot_2=0.08229 [m"3 /min]
W_dot_c=3.33 [kW]
W_dot_c_noke=3.348 [kW]

150 ———

120

90 |

60 |-

30

T[C]

Ol

-30 100 kPa

60| _

-90 ]

-0.25 0.00 0.25 0.50 0.75 1.00 1.25 1.50 1.75
s [kJd/kg-K]
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7-88

7-133 Air enters an adiabatic compressor with an isentropic efficiency of 84% at a specified state, and leaves at a specified
temperature. The exit pressure of air and the power input to the compressor 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 The device is adiabatic and thus heat transfer is negligible. 4 Air is an ideal gas with variable specific heats.

Properties The gas constant of air is R = 0.287 kPa.m’/kg.K (Table A-1)
Analysis (@) From the air table (Table A-17), 2

Tl =290K —— hl =290.16 kJ/kg, P” =1.2311
T, =530 K ——> h,, =533.98 kl/kg

h25 B hl

h2a - hl

From the isentropic efficiency relation n. =

hos =hy +77, (hZa - hl)
=290.16 +(0.84)(533.98 — 290.16) = 495.0 kl’kg ——> B, =7.951

Then from the isentropic relation ,

R ] 1.2311

f

P P
L SN [P_ﬁJpl =[ 7951 j(mo kPa) = 646 kPa

(b) There is only one inlet and one exit, and thus m; = m, = m. We take the actual 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 as

. - _ - J0 (steady) _
Ein - Eout - AEsystem =0
\—W_—/ %/—J
Rate of net energy transfer Rate of change in internal, kinetic,
by heat, work, and mass potential, etc. energies
Ein = Eout

W, ;, +mhy =mh, (since Q = Ake = Ape = 0)

W, = m(h, —hy)

a,in
where

PV 4m’
PV (100 kPa)(2.4 m*/s) 2884 kels

RT,  (0.287 kPa-m?/kg-K)(290 K)

Then the power input to the compressor is determined to be

W, i, = (2.884 kg/s)(533.98 - 290.16) kl/kg = 703 KW
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7-89

7-134 Air is compressed by an adiabatic compressor from a specified state to another specified state. The isentropic
efficiency of the compressor and the exit temperature of air for the isentropic case 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 The device is adiabatic and thus heat transfer is negligible. 4 Air is an ideal gas with variable specific heats.

Analysis (a) From the air table (Table A-17),
T,=300K —— h, =300.19kJ/kg, Prl =1.386
T,=550K —— h,, =554.74 kI /kg

From the isentropic relation,

P. = L} P = 000 kPa (1.386) = 8.754 ——> h,, = 508.72 ki/kg
>R )" [ 95kPa

Then the isentropic efficiency becomes 1

hy—h,  508.72-30019
Te™h, —h  55474-30019

=0.819=81.9%

(b) If the process were isentropic, the exit temperature would be

h,, =508.72 kJ/kg —— T,, =505.5 K
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7-90

7-135E Argon enters an adiabatic compressor with an isentropic efficiency of 80% at a specified state, and leaves at a
specified pressure. The exit temperature of argon and the work input to the compressor are to be determined.

Assumptions 1 This is a steady-flow process since there is no change with time. 2 Potential energy changes are negligible.
3 The device is adiabatic and thus heat transfer is negligible. 4 Argon is an ideal gas with constant specific heats.

Properties The specific heat ratio of argon is k = 1.667. The constant
pressure specific heat of argon is ¢, = 0.1253 Btu/lbm.R (Table A- 2
2E).

Analysis (a) The isentropic exit temperature T, is determined from

(k=1)7k .
Ty =T)| 25 — (s50 R)f 220 psia
R 20 psia

0.667/1.667
] =1381.9 R

The actual kinetic energy change during this process is

Ake

VP -V (240 fus) (60 fus) [ 1 Btw/Ibm

a= > |= 1.08 Btu/lbm
2 2 25,037 ft°/s

The effect of kinetic energy on isentropic efficiency is very small. Therefore, we can take the kinetic energy changes for the
actual and isentropic cases to be same in efficiency calculations. From the isentropic efficiency relation, including the effect
of kinetic energy,

. _ Wy _ (hyo—h)+Ake Cp(Tos =T )+ Akeg g 0.1253(1381.9-550)+1.08
© w, (hy-h)+Ake c,(T,, —T))+Ake, 0.1253(T,, —550)+1.08
It yields
To = 1592 R

(b) There is only one inlet and one exit, and thus m; = m, = m. We take the actual 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 as

- ' _ o J0 (steady) _
Ein - Eout - AEsystcm =0
—_— \ ———
Rate of net energy transfer  Rate of change in internal, kinetic,
by heat, work, and mass potential, etc. energies
Ein = Eout

W, + (N +V,7/2) = m(h, +V/2) (since Q = Ape = 0)

2 /2
W, = rh[hz —h, +%J —— W, =hy —h +Ake

Substituting, the work input to the compressor is determined to be

W, i, = (0.1253 Btu/lbm - R 1592 — 550)R +1.08 Btw/Ibm = 131.6 Btu/lbm
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7-91

7-136E Air is accelerated in a 85% efficient adiabatic nozzle from low velocity to a specified velocity. The exit temperature
and pressure of the air are to be determined.

Assumptions 1 This is a steady-flow process since there is no change with time. 2 Potential energy changes are negligible.
3 The device is adiabatic and thus heat transfer is negligible. 4 Air is an ideal gas with variable specific heats.

Analysis From the air table (Table A-17E),

T, =1400R ——> h; =342.90 Btw/lbm, P, =42.88

There is only one inlet and one exit, and thus M, = m, = M. We take the nozzle as the system, which is a control volume
since mass crosses the boundary. The energy balance for this steady-flow system can be expressed as

- - _ - J0 (steady) _

Ein - Eout - AEsystem =0

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

Ein = Eout AR o
N= 85%
m(h, +V,2/2) = m(h, +V}2/2) (since W = Q = Ape = 0) /
hy=h -2~V
2 —
2

Substituting, the exit temperature of air is determined to be

h, =342.90 ki/kg —

(650 fi/s)> — 0 { 1 Btw/Ibm

5 25,037 2/ 2J=334.46Btu/lbm
5,037 ft°/s

From the air table we read
T, = 1368 R = 908°F

From the isentropic efficiency relation

n = h2a _hl
" h25 _hl

hys =hy +(hy =)/ 57 =342.90+(334.46 - 342.90)/(0.85) = 332.97 Btw/Ibm—> P, =38.62

Then the exit pressure is determined from the isentropic relation to be

P, P P : :
2-"__,p =(iJP1 =(wJ(45 psia)=40.5 psia

P P P, 42.88

1
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7-92

£
7-137E E Problem 7-136E is reconsidered. The effect of varying the nozzle isentropic efficiency from 0.8 to 1.0 on the
exit temperature and pressure of the air is to be investigated, and the results are to be plotted.

Analysis The problem is solved using EES, and the results are tabulated and plotted below.

"Knowns:"
WorkFluid$ = "Air'
P[1] = 45 [psia]
T[1] =940 [F]
Vel[2] = 650 [ft/s]
Vel[1] = 0 [ft/s]
eta_nozzle = 0.85

"Conservation of Energy - SSSF energy balance for turbine -- neglecting the change in potential energy, no heat
transfer:"

h[1]=enthalpy(WorkFluid$,T=T[1])

s[1]=entropy(WorkFluid$,P=P[1],T=T[1])

T_s[1]=T[1]

s[2] =s[1]

s_s[2] = s[1]

h_s[2]=enthalpy(WorkFluid$,T=T_s[2])
T_s[2]=temperature(WorkFluid$,P=P[2],s=s_s[2])

eta_nozzle = ke[2]/ke_s[2]

ke[1] = Vel[1]"2/2

ke[2]=Vel[2]"2/2

h[1]+ke[1]*convert(ft"2/s"2,Btu/lbm) = h[2] + ke[2]*convert(ft"2/s"2,Btu/lbm)

h[1] +ke[1]*convert(ft"2/s"2,Btu/lbm) = h_s[2] + ke_s[2]*convert(ft"2/s"2,Btu/lbm)
T[2]=temperature(WorkFluid$,h=h[2])

P_2_answer = P[2]

T_2_answer = T[2]

P> T2 Ts2
[psia] [F [F]

0.8 40.25 907.6 899.5
0.82 40.36 907.6 900.5
0.84 40.47 907.6 901.4
0.86 40.57 907.6 902.3
0.88 40.67 907.6 903.2
0.9 40.76 907.6 904
0.92 40.85 907.6 904.8
0.94 40.93 907.6 905.6
0.96 41.01 907.6 906.3
0.98 41.09 907.6 907

1 41.17 907.6 907.6

MNnozzle
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7-93

41

40.8

P[2] [psia]

40.6

40.4

0.8 0.84 0.88 0.92 0.96 1

909
908
907
906
905
904
903
902
901
900

T, [F]

Mnozzle
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7-94

7-138 Air is expanded in an adiabatic nozzle with an isentropic efficiency of 0.96. The air velocity at the exit is to be
determined.

Assumptions 1 This is a steady-flow process since there is no change with time. 2 There is no heat transfer or shaft work
associated with the process. 3 Air is an ideal gas with constant specific heats.

Properties The properties of air at room temperature are ¢, = 1.005 kJ/kg'K and k = 1.4 (Table A-2a).

Analysis For the isentropic process of an ideal gas, the exit temperature is determined from

(k-1)/k 0.4/1.4
P 100 kP
Tas =Tl[—2] =(180+273K)( 00 aj =331.0K
300KkPa

P, 300kPa
° Air 100 kP
There is only one inlet and one exit, and thus m, =m, = m. We take nozzle as 10821 /(s: } a

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

. . _ - 70 (steady) _
Ein - Eout - AEsystem =0
Rate of net energy transfer  Rate of change in internal, kinetic,
by heat, work, and mass potential, etc. energies
Ein = Eout
2 2
. V1 . 2
mlhy +— [=m| h, +—
2 2
2 2
V V
2 2
hy —hy =2

V7 -V
cp (T, _TZ):%:M@

The kinetic energy change for the isentropic case is
Akeg =C,(T) —T,) = (1.005kJ/kg-K)(453-331)K =122.6 kJ/kg

The kinetic energy change for the actual process is

Ake, =ny Ake, = (0.96)(122.6 ki/kg) = 117.7 kl/kg

Substituting into the energy balance and solving for the exit velocity gives

0.5
2,.2
V, = (2Ake, )" =| 2(117.7 kJ/kg) 1000m /5™ =485m/s
1kJ/kg
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7-95

7-139E Air is decelerated in an adiabatic diffuser with an isentropic efficiency of 0.82. The air velocity at the exit is to be
determined.

Assumptions 1 This is a steady-flow process since there is no change with time. 2 There is no heat transfer or shaft work
associated with the process. 3 Air is an ideal gas with constant specific heats.

Properties The properties of air at room temperature are ¢, = 0.240 Btu/lbm'R and k = 1.4 (Table A-2Ea).
Analysis For the isentropic process of an ideal gas, the exit temperature is determined from

) (k-1)/k 20 . 04/14
Ty =T, -2 = (30+ 460 R)| P12 =5542R
P, 13 psia

There is only one inlet and one exit, and thus m; =m, = m. We take nozzle 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 (steady) _
Ein - Eout - AEsystem =0
— —_————
Rate of net energy transfer  Rate of change in internal, kinetic,
by heat, work, and mass potential, etc. energies
- 13 psia .
E p Air

20 psia

in = E.out
30°F .
V.2 V2 1000 ft/s \
ml hy +—— [=m| hy + =
2 2
VS

V2
h +——=h, +—=
T )

V2 -V2
h —h, =—2—1
V72—V
c, (T, —Tg:%:Ake

The kinetic energy change for the isentropic case is

Akeg =, (Ty ~T;) = (0.240 Btu/Ibm- R)(554.2- 490)R =15.41 Btu/lbm

The kinetic energy change for the actual process is

Ake, =ny Ake, = (0.82)(15.41 Btu/Ibm) = 12.63 Btw/Ibm

Substituting into the energy balance and solving for the exit velocity gives

0.5
2,2
V, = (V2 —2Ake,)"® = (1000 ft/s)* —2(12.63 Btu/lbm) 25,037 ft7/s” =606 ft/s
1 Btu/lbm
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7-96

Entropy Balance

7-140E Refrigerant-134a is expanded adiabatically from a specified state to another. The entropy generation is to be
determined.

Assumptions 1 Steady operating conditions exist. 2 Kinetic and potential energy changes are negligible.

Analysis The rate of entropy generation within the expansion device during this process can be determined by applying the
rate form of the entropy balance on the system. Noting that the system is adiabatic and thus there is no heat transfer, the
entropy balance for this steady-flow system can be expressed as

3 3 3 _AQ J0 (steady)
Sin =S out + S gen =AS system
Rate of net entropy transfer ~ Rate of entropy Rate of change R-134a .
by heat and mass generation of entropy 100 psia > 10 psia
; ; : o sat. vapor
M;S; —MyS; +S,, =0 100°F

S'gen = m(SZ _Sl)

Sgen =S5, =5

The properties of the refrigerant at the inlet and exit states are (Tables A-11E through A-13E)

P, =100 psia
s; =0.22900 Btw/Ibm- R

T, =100°F
P, =10 psia

S, =0.22948 Btu/lbm- R
X, =1

Substituting,

Sgen =S, —$; =0.22948-0.22900 = 0.00048 Btu/lbm-R
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7-97
7-141 Oxygen is cooled as it flows in an insulated pipe. The rate of entropy generation in the pipe is to be determined.

Assumptions 1 Steady operating conditions exist. 2 The pipe is well-insulated so that heat loss to the surroundings is
negligible. 3 Changes in the kinetic and potential energies are negligible. 4 Oxygen is an ideal gas with constant specific
heats.

Properties The properties of oxygen at room temperature are R = 0.2598 kJ/kg-K, ¢, =0.918 kl/kg-K (Table A-2a).

Analysis The rate of entropy generation in the pipe is determined by applying the rate form of the entropy balance on the

pipe:
3 3 3 _ AG &0 (steady)
Sin -3 out + S gen =AS system Oxygen
Rate of net entropy transfer ~ Rate of entropy Rate of change 240 kPa 200 kPa
by heat and mass generation of entropy 20°C — 18°C
M;s; —M,8; +S,,, =0 (sinceQ =0) 70 m/s

Sgen = m(SZ _Sl)
The specific volume of oxygen at the inlet and the mass flow rate are

RT, (0.2598kPa-m’/kg-K)(293K)

v =—"= =0.3172m°/kg
P 240 kPa
AV, DV 12 m)?
M= 1 #(012m) (730 /S) 5 496 ke/s
vy 4v, 4(0.3172m"> /kg)
Substituting into the entropy balance relation,
Sgen =M(S; —5))
T P
=m ¢, In-=-RIn—=
Tl Pl
291K 200 kPa
=(2.496 kg/s)| (0.918 kJ/kg - K)In ———(0.2598 kJ/kg - K)In ———
( & )[( gK) 293K ( &K 240kPa}

=0.1025 kW/K
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7-98

7-142 Nitrogen is compressed by an adiabatic compressor. The entropy generation for this process is to be determined.

Assumptions 1 Steady operating conditions exist. 2 The compressor is well-insulated so that heat loss to the surroundings is
negligible. 3 Changes in the kinetic and potential energies are negligible. 4 Nitrogen is an ideal gas with constant specific

heats.

Properties The specific heat of nitrogen at the average temperature of (25+307)/2=166°C = 439 K is ¢, = 1.048 kJ/kg-K

(Table A-2b). Also, R =0.2968 kl/kg-K (Table A-2a).

Analysis The rate of entropy generation in the pipe is determined by applying the rate form of the entropy balance on the

compressor:
g 2 3 _Ad &0 (steady)
Sin -3 out + S gen =AS system
—— —
Rate of net entropy transfer ~ Rate of entropy Rate of change
by heat and mass generation of entropy

mlsl —m252 +Sgen :0 (SlnCCQ :0)

S.gen = m(SZ _sl)

Substituting per unit mass of the oxygen,

Sgen =355
T P
=¢c,In-=-Rlh—=
1 1
— (1048 kJ/kg - K)ln LU 27D K
25+273)K

=0.0807 kJ/kg -K

~(0.2968 kJ/kg - K)In

800 kPa
307°C

Compressor

Air
100 kPa
25°C

800 kPa
100 kPa
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7-99

7-143 Each member of a family of four take a 5-min shower every day. The amount of entropy generated by this family per
year is to be determined.

Assumptions 1 Steady operating conditions exist. 2 The kinetic and potential energies are negligible. 3 Heat losses from
the pipes and the mixing section are negligible and thus Q = 0. 4 Showers operate at maximum flow conditions during the

entire shower. 5 Each member of the household takes a 5-min shower every day. 6 Water is an incompressible substance
with constant properties at room temperature. 7 The efficiency of the electric water heater is 100%.

Properties The density and specific heat of water at room temperature are p= 1 kg/L and ¢ = 4.18 kJ/kg.°C (Table A-3).

Analysis The mass flow rate of water at the shower head is

. Mixture
m= pV = (1kg/L)(12L/min) =12 kg/min T 3
The mass balance for the mixing chamber can be expressed in Cold Hot
the rate form as water | | water
1 2
min _ mout _ Amsystemﬂo (steady) _ 0 _): : -
. . e

out
where the subscript 1 denotes the cold water stream, 2 the hot water stream, and 3 the mixture.

The rate of entropy generation during this process can be determined by applying the rate form of the entropy
balance on a system that includes the electric water heater and the mixing chamber (the T-elbow). Noting that there is no
entropy transfer associated with work transfer (electricity) and there is no heat transfer, the entropy balance for this steady-
flow system can be expressed as

: : 2 _Ad J0 (steady)
Sin - Sout + Sgen - ASsystem
—_——— . 5
Rate of net entropy transfer ~ Rate of entropy Rate of change
by heat and mass generation of entropy

m;s; + m,s, —M;S; + Sgen =0 (since Q =0and work is entropy free)
Sgen = MsS3 — My, —M, S,

Noting from mass balance that m; + m, = m; and s, =S, since hot water enters the system at the same temperature as the

cold water, the rate of entropy generation is determined to be

: . o . . T,

Sgen = MsS3 — (M +M,)s; = M3(s3 — ;) = MyC, ln_l_—
1

. 42+273 .
= (12 kg/min)(4.18 kJ/kg. K)In————— = 4.495 kJ/min.K
15+273

Noting that 4 people take a 5-min shower every day, the amount of entropy generated per year is

Seen = (Sgen)At(No.of people)(No. of days)
= (4.495 kJ/min.K)(5 min/person - day)(4 persons)(365 days/year)
=32,814kJ/IK (per year)

Discussion The value above represents the entropy generated within the water heater and the T-elbow in the absence of any
heat losses. It does not include the entropy generated as the shower water at 42°C is discarded or cooled to the outdoor
temperature. Also, an entropy balance on the mixing chamber alone (hot water entering at 55°C instead of 15°C) will
exclude the entropy generated within the water heater.
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7-100

7-144 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 can be expressed in the rate form as Cold water ¢
o
. : _ - 20 (steady) _ 10°C
Ein — Eout = AEsystem =0 0.95 kg/s
[y —
Rate of net energy transfer  Rate of change in internal, kinetic,
by heat, work, and mass potential, etc. energies Hot water
. . — ¢
. .Ein = E_OU[ . 85°C
Q,, + mh; =mh, (since Ake = Ape = 0) 1.6 kg/s

Qin = mcp(TZ _Tl) ‘ 70°C

Then the rate of heat transfer to the cold water in this heat exchanger becomes

Qun =[MCp Tou — Tin Meold water = (0.95 kg/s)(4.18 k/kg.°C)(70°C —10°C) = 238.3 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

: o) oc 238.3kW

=[mc, (T, —-T — 5T =T - =85°C — =
Q [ p(Tm out)]hotwater out n me (16kg/S)(419kJ/kg°C)

49.5°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:

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

MyS; + MyS; —MyS, —Mys, + S, =0 (since Q = 0)
mcoldsl + I’hhots3 - r’hcoldSZ - I’hhots4 + Sgen =0
Sgen = mcold(sz - Sl) + rﬁhot(s4 - 33)

Noting that both fluid streams are liquids (incompressible substances), the rate of entropy generation is determined to be

C T, . T,
Sgen = mwldcp ll'lT—+ thth 1HT—
1 3

70+273 49.5+273
= (0.95 kg/s)(4.18 k/kg K)n =12 4 (1.6 kg/s)(4.19 kI/kg K)ln > =2
(0-95kgls) BRI g7y T (0K eI 273

=0.06263 kW/K
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7-101

7-145 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 i
N 95A kpa ]
. . . a
E. —E _ AE 20 (steady) =0
n out system 20°C % Q} <b
Rate of net energy transfer  Rate of change in internal, kinetic, 1.6 m’/s % %
by heat, work, and mass potential, etc. energies : L Q)
Ein = Eou s %\ %\
mh, = Qout +mh, (since Ake = Ape = 0) i \
Quut =M, (T, - T,) Exhaust gases

2.2 kg/s, 95°C
Then the rate of heat transfer from the exhaust gases becomes

Q =[MCp (Tiy — Tout) Jgas. = (2.2 kg/s)(1.1kJ/kg.°C)(180°C —95°C) = 205.7 kw
The mass flow rate of air is

_PU (95kPa)(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

)L Touw =Tin + i =20°C+ 2057 kW =133.2°C

) = |mc
Q [ p(Tou =T (1.808 kg/s)(1.005 kJ/kg.°C)

me

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 2 3 _Ad 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) + MyS3 — MyS, —MsS, + Sy, =0 (since Q = 0)

mexhaustsl + r’hairsiﬁ - mexhaustSZ malrs4 + Sgen =0

Sgen = mexhaust(SZ - Sl) + rﬁair(s4 - 53)

Then the rate of entropy generation is determined to be

C T, T,
Sgen = mexhaustC In—= T1 + malI‘C lnf
95+273 133.2+273
= (2.2 kg/s)(1.1kJ/kg. K)In———  + (1.808 kg/s)(1.005 kJ/kg. K)In——
( g k) 180+273 ( e k) 20+273
=0.091 KW/K
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7-102

7-146 Water is heated by hot oil in a heat exchanger. The outlet temperature of the oil 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 water and oil are given to be 4.18

and 2.3 kJ/kg.°C, respectively. ‘ oil
Analysis (a) We take the cold water tubes as the system, which 170°C
is a control volume. The energy balance for this steady-flow 7] 10 ke/s
system can be expressed in the rate form as
70°C ~-—s ))
: : : 70 (stead
Ein - Eout = AEsystem (steady) =0
liati oftnet ell:efgzl tr§n§fer Rate of changein internal, kinetic, Water
y heat, work, an mds.S . potential, etc. energies 20°C Y J}
E,, = Eou 4.5 kg/s

Qin +mh, = mh, (since Ake = Ape = 0)

Qin =mc, (T, - T))

Then the rate of heat transfer to the cold water in this heat exchanger becomes

—-0

Q =[mMCp(Toue = Tin)vater = (4.5 kg/s)(4.18 kl/kg.°C)(70°C — 20°C) = 940.5 kW
Noting that heat gain by the water is equal to the heat loss by the oil, the outlet temperature of the hot oil is determined from

- ' . 940.5 kW
Q= [me(Tin _Tout)]oil - Tout :Tin _.i =170°C

- =129.1°C
me, (10 kg/s)(2.3kI/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:

. : 3 _Ad &0 (steady)
Sin - 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 (sinceQ =0)

MyvaterSt + r‘hoils3 - mwaterSZ - Iﬁ(}ilsét + Sgen =0

Sgen = mwater(sz - Sl) + rﬁoil(s4 - 53)

Noting that both fluid streams are liquids (incompressible substances), the rate of entropy generation is determined to be

Sgen = mwatercp ll'l_l_— + moﬂcp 1Il_|_—
1 3

70+273 129.1+273
= (4.5kg/s)(4.18 kI /kg K)In———  + (10 kg/s)(2.3 kI /kg K)In —————
( g8 eK) 20+273 (10kg/s)( eK) 170 +273

=0.736 KW/K
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7-103

7-147 Heat is lost from Refrigerant-134a as it is throttled. The exit temperature of the refrigerant and the entropy generation
are to be determined.

Assumptions 1 Steady operating conditions exist. 2 Kinetic and potential energy changes are negligible.

Analysis The properties of the refrigerant at the inlet of the device are (Table A-13)

P, =1200 kPa} h, =108.23kJ/kg p q
T, =40°C S; =0.39424 kJ/kg R-134a y
. . L 1200 kPa > ® 200 kPa
The enthalpy of the refrigerant at the exit of the device is 40°C

h, =h, —Q,, =108.23-0.5=107.73 kJ/kg
Now, the properties at the exit state may be obtained from the R-134a tables

P, =200 kPa T, =-10.09°C

h, =107.73kJ/kg| s, =0.41800 kJ/kg.K
The entropy generation associated with this process may be obtained by adding the entropy change of R-134a as it flows in
the device and the entropy change of the surroundings.

ASg_134s =Sy —S; =0.41800 — 0.39424 = 0.02375 kl/kg K

O 0.5kJ/kg
sureeT (25+273)K

surr

As =0.001678 kl/kg.K

Sgen = ASiorat = ASp_i340 + ASgyy =0.02375 +0.001678 = 0.02543 kJ/kg.K
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7-104

7-148 In an ice-making plant, water is frozen by evaporating saturated R-134a liquid. The rate of entropy generation is to
be determined.

Assumptions 1 Steady operating conditions exist. 2 Kinetic and potential energy changes are negligible.

Analysis We take the control volume formed by the R-134a evaporator with a single inlet and single exit as the system. The
rate of entropy generation within this evaporator during this process can be determined by applying the rate form of the
entropy balance on the system. The entropy balance for this steady-flow system can be expressed as

: 2 3 _AQ 0 (steady)
Sin -3 out + S gen =AS system
—— e ")
Rate of net entropy transfer ~ Rate of entropy Rate of change Q
by heat and mass generation of entropy
: R-134a —16°
5 . Qin S =0 16°C > 16°C
mySy —MyS; + T Ogen = - sat. vapor
w
2 o Qin
Sgen - mR(SZ _Sl)_ T
w
2 s Qin
S gen — Mmgs fg —
w

The properties of the refrigerant are (Table A-11)
hfg @716°C = 21018 kJ/kg
Stg@-16c = 0.81729kl/kg-K
The rate of that must be removed from the water in order to freeze it at a rate of 4000 kg/h is

Q;, =m,h; =(2500/3600 kg/s)(333.7 kl/kg) =231.7kW
where the heat of fusion of water at 1 atm is 333.7 kJ/kg. The mass flow rate of R-134a is

Qn _ 231.7kJ/s

My = = 1.103kg/s
hfg 210.18 kJ/kg
Substituting,
~ . Qi 231.7kW
Seon = Mgy~ = (1103 ke/s)(0.81729 Kl/kg - K)— = = =0.0528 KWIK

273K

w
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7-105
7-149E Water and steam are mixed in a chamber that is losing heat at a specified rate. The rate of entropy generation during this
process is to be determined.

Assumptions 1 This is a steady-flow process since there is no change with time at any point and thus Am.,= 0, AE., = 0, and AS.,= 0. 2
There are no work interactions involved. 3 The kinetic and potential energies are negligible, ke = pe = 0.

Analysis We take the mixing chamber as the system. This is a control volume since mass crosses the system boundary during the process.

We note that there are two inlets and one exit. Under the stated assumptions and observations, the mass and energy balances for
this steady-flow system can be expressed in the rate form as follows:

Mass balance:

. 5 A 20 (steady) _
My, — Moy = Amsystem =0

min = mout ) ml +m2 = m3

Energy balance:

: . _ . 20 (steady) _
Ein - Eout - AEsystem =0
— —
Rate of net energy transfer ~ Rate of change in internal, kinetic,
by heat, work, and mass potential, etc. energies
Ein = Eout

myhy +myhy =shy + Qg
Combining the mass and energy balances gives
Qoue =Mihy + 120, — (M +my)h,
The desired properties at the specified states are determined from the steam tables to be
P, =20psia | hy =h;gseer =18.07 Btu/lbm
T, =50°F } S| =S¢ @soer = 0.03609 Btu/lbm - R

P, =20psia | h, =1162.3 Btu/lbm
T, =240°F | s, =1.7406 Btw/lbm-R

P3 = 20 pSla h3 = hf @13001: = 97.99 Btu/lbm
T, =130°F | S3=S¢gu30er =0.18174 Btu/Ibm - R
Substituting,
180 Btu/min = [300 x 18.07 + rh, x 1162.3 — (300 + , ) x 97.99 |Btu/min —> rh, = 22.7 Ibm/min

The rate of entropy generation during this process can be determined by applying the rate form of 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 70°F

=530R:
: 2 3 _Ad &0 (steady)
Sin - Sout + Sgen - ASsystem
——
Rate of net entropy transfer ~ Rate of entropy Rate of change
by heat and mass generation of entropy
. 8 . Qout 3 _
m;S; +MmM,S, —M;S; ——T + Sgen =0
b

Substituting, the rate of entropy generation is determined to be

2 . . . Qout
b

= (322.7 % 0.18174 — 300 x 0.03609 — 22.7 x 1.7406) Btu/min - R) + %
=8.65Btu/min-R

Discussion Note that entropy is generated during this process at a rate of 8.65 Btu/min - R. This entropy generation is caused by the
mixing of two fluid streams (an irreversible process) and the heat transfer between the mixing chamber and the surroundings through a
finite temperature difference (another irreversible process).
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7-106

7-150E Steam is condensed by cooling water in a condenser. 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 heat of water is 1.0 Btu/lbm.°F (Table A-3E).

The enthalpy and entropy of vaporization of water at 120°F are 1025.2 +

Btw/Ibm and sy, = 1.7686 Btw/lbm.R (Table A-4E). ?;)af;

Analysis We take the tube-side of the heat exchanger where cold water is m 73°F
flowing as the system, which is a control volume. The energy balance for this ——
steady-flow system can be expressed in the rate form as 5)

E- _ E _ AE 20 (steady) =0 %—)

n out system
N _
Rate of net energy transfer  Rate of change in internal, kinetic,
by heat, work, and mass potential, etc. energies
o
e g - 60°F
in out ——
Q,, +mh, =mh, (since Ake = Ape = 0) u Water
Qp = e, (T, - T)) e |

Then the rate of heat transfer to the cold water in this heat exchanger becomes

Q =[MCp (Toy — Tin)arer = (92 Ibm/s)(1.0. Btw/Ibm.°F)(73°F — 60°F) = 1196 Btu/s

Noting that heat gain by the water is equal to the heat loss by the condensing steam, the rate of condensation of the steam in
the heat exchanger is determined from

Q  1196Btu/s

— -7 1167 Ibm/s
hy 10252 Btu/lbm

Q= (mhfg )steam = —_>msteam =

(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 : S _Ad J0 (steady)
Sin - 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, + Sy =0 (since Q = 0)

m

S+ m S;— mwaterSZ - rT.]steams4 + Sgen =0

'water steam

Sgen = mwater(SZ - Sl) + msteam(s4 - 33)

Noting that water is an incompressible substance and steam changes from saturated vapor to saturated liquid, the rate of
entropy generation is determined to be

: . T, . T,
Sgen = mwatercp lnT_2 + msteam(sf - Sg) = mwatercp lnT_2 - msteamsfg
1 1
+
= (92 Ibm/s)(1.0 Btu/Ibm.R) ln;3)+—:28 —(1.167 Ibm/s)(17686 Btu/Ibm.R)

=0.209Btu/s.R
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7-107

7-151 A regenerator is considered to save heat during the cooling of milk in a dairy plant. The amounts of fuel and money
such a generator will save per year and the annual reduction in the rate of entropy generation are to be determined.

Assumptions 1 Steady operating conditions exist. 2 The properties of

the milk are constant. .
Hot milk

Properties The average density and specific heat of milk can be taken * 72°C
t0 b Omilk = Pyater = 1 kg/L and ¢y min= 3.79 kl/kg.°C (Table A-3). 7]

Analysis The mass flow rate of the milk is ~

Vi
M = PVmilk Q
=(1kg/L)(12 L/s) =12 kg/s = 43,200 kg/h

Taking the pasteurizing section as the system, the energy balance for this 4°C
steady-flow system can be expressed in the rate form as 2 ———

=E,, u Cold milk

— | —
Rate of net energy transfer  Rate of change in internal, kinetic, *

mn

BB = AEgem 09 =0 5 E
by heat, work, and mass potential, etc. energies
Q,, +mh, =mh, (since Ake = Ape = 0)
Qi = MyuiCp (T = Ty)
Therefore, to heat the milk from 4 to 72°C as being done currently, heat must be transferred to the milk at a rate of

chrrent = [mcp (Tpasturization _Trefrigeration )]milk = (12 kg/s)(3.79 kl/kg.°C)(72 — 4)°C = 3093 kl/s

The proposed regenerator has an effectiveness of € = 0.82, and thus it will save 82 percent of this energy. Therefore,
Quuved = Quurrent = (0.82)(3093 kI /s) =2536 kI /s

Noting that the boiler has an efficiency of nyoer = 0.82, the energy savings above correspond to fuel savings of

Quyed _ (2536 kJ/s) (Itherm)
Mvoiler (082) (105,500 kJ)

Fuel Saved = =0.02931therm/s

Noting that 1 year = 365x24=8760 h and unit cost of natural gas is $0.52/therm, the annual fuel and money savings will be
Fuel Saved = (0.02931 therms/s)(8760x3600 s) = 924,450 therms/yr
Money saved = (Fuel saved)(Unit cost of fuel) = (924,450 therm/yr)$1.04/therm) = $961,400/yr

The rate of entropy generation during this process is determined by applying the rate form of the entropy balance on an
extended system that includes the regenerator and the immediate surroundings so that the boundary temperature is the
surroundings temperature, which we take to be the cold water temperature of 18°C.:

3 3 3 _AQ J0 (steady) : _ ¢ .
Sin - Sout + Sgen - ASsystem - Sgen - Sout - Sin
—_—— . J
Rate of net entropy transfer ~ Rate of entropy Rate of change
by heat and mass generation of entropy

Disregarding entropy transfer associated with fuel flow, the only significant difference between the two cases is the
reduction is the entropy transfer to water due to the reduction in heat transfer to water, and is determined to be

Qout,reduction _ Qsaved _ 2536kl/s

S — on = =8.715kW/K
gen, reduction out, reduction Tsurr Tsurr 184273
Sgen, reduction = S.gen, reduction At = (8.715 kJ/s.K)(8760 x 3600 s/year) = 2.75 x 108 kJ/K (per year)
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7-108

7-152 Stainless steel ball bearings leaving the oven at a uniform temperature of 900°C at a rate of 1100 /min are exposed to
air and are cooled to 850°C before they are dropped into the water for quenching. The rate of heat transfer from the ball to
the air and the rate of entropy generation due to this heat transfer are to be determined.

Assumptions 1 The thermal properties of the bearing balls are constant. 2 The kinetic and potential energy changes of the
balls are negligible. 3 The balls are at a uniform temperature at the end of the process

Properties The density and specific heat of the ball bearings are given to be p = 8085 kg/m® and Cp = 0.480 kJ/kg.°C.

Analysis (a) We take a single bearing ball as the system. The energy balance for this closed system can be expressed as

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

= Qout = AUy =m(u, —u;) Steel balls, 900°C
Qout = mC(Tl _TZ)

The total amount of heat transfer from a ball is

D3 7(0.018 m)°
6

m=pV = P~ (8085 kg/m*) =0.02469 kg

Q.. = Mc(T, —T,) = (0.02469 kg)(0.480 kJ/kg.°C)(900 — 850)°C = 0.5925 kJ/ball

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

Qtotal = ﬂballQout (per ball) = (l 100 ballS/l’nln) X (05925 kJ/baH) =651.8kJ/min =10.86 kW

Therefore, heat is lost to the air at a rate of 10.86 kW.

(b) We again take a single bearing ball as the system. The entropy generated during this process can be determined by
applying an entropy balance on an extended system that includes the ball and its immediate surroundings so that the
boundary temperature of the extended system is at 20°C at all times:

Sin - Sout + Sgcn = ASsystcm
g

S —
Net entropy transfer Entropy Change

byheatandmass  generation  in entropy
- QTL:‘ +Sgen = ASgygtem > Sgen = QL:‘ + ASgytem
where
ASysem =M(S; —8;) =MC,, 1n-_rr—? =(0.02469 kg)(0.480 kJ/kg.K)ln% =-0.0005162kJ/K
Substituting,
Sgen = % + ASgysiem = 0.5925kJ _ 0.0005162 kJ/K =0.001506 kJ/K  (per ball)

b

Then the rate of entropy generation becomes

Sgen = SgenMpan = (0.001506 kJ/K - ball)(1100 balls/min) =1.657 kJ/min.K = 0.02761 kW/K

gen
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7-109

7-153 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 BOlhng
Net energy transfer Change in internal, kinetic, Water
by heat, work, and mass potential, etc. energies
Qin = AUegg = m(UZ _ul) = mC(TZ _Tl)
Then the mass of the egg and the amount of heat transfer become Egg
8°C
D’ 0.055 m)°®
m=pV = p= —=(1020 kg/mS)% = 0.0889 kg

Qu = me, (T, —T;) = (0.0889 kg)(3.32 ki/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 + Sgcn =AS

system
—_— —— —
Net entropy transfer Entropy Change

by heat and mass generation in entropy
Q; Q
T_:)n + Sgen = ASsystem d Sgen = _T_:)n + ASsystf:zm
where
+
AS e = (S, — §;) = MCog In 2 = (0.0889 kg)(3.32 kI/kg. K) Ino 21> _ 0,0588 kI/K
T, 8+273
Substituting,
Q. 18.3kJ
Sgen =~ 4 ASytem = 370K +0.0588 kJ/K = 0.00934 kJ/K (peregg)

b
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7-110

7-154 Long cylindrical steel rods are heat-treated in an oven. The rate of heat transfer to the rods in the oven and the rate of
entropy generation associated with this heat transfer process are to be determined.

Assumptions 1 The thermal properties of the rods are constant. 2 The changes in kinetic and potential energies are
negligible.

Properties The density and specific heat of the steel rods are given to be p = 7833 kg/m* and C, = 0.465 kJ/kg.°C.

Analysis (@) Noting that the rods enter the oven at a velocity of 3 m/min and exit at the same velocity, we can say that a 3-
m long section of the rod is heated in the oven in 1 min. Then the mass of the rod heated in 1 minute is

m=pV = pLA = pL(7D?/4)
= (7833kg/m> )3 m)[7(0.1m)* /4] = 184.6 kg

We take the 3-m section of the rod in the oven as the system. The energy
balance for this closed system can be expressed as

Ein - Eout AEsystem
—_—
Net energy transfer Change in internal, kinetic,
by heat, work, and mass potential, etc. energies
Qin =AU g =m(u, —uy) =me(T, - T))
o Steel rod, 30°C
Substituting,

Qi =me(T, —T,) = (184.6 kg)(0.465 kJ/kg.°C)(700 — 30)°C = 57,512 kJ
Noting that this much heat is transferred in 1 min, the rate of heat transfer to the rod becomes
Qin =Q,, /At = (57,512 kJ)/(1min) = 57,512 kJ/min = 958.5 kW

(b) We again take the 3-m long section of the rod as the system. The entropy generated during this process can be
determined by applying an entropy balance on an extended system that includes the rod and its immediate surroundings so
that the boundary temperature of the extended system is at 900°C at all times:

Sin - Sout + Sgen =AS

system
[ ——— —— —
Net entropy transfer Entropy Change

byheatandmass  generation  in entropy
?_b Sy = ASyem > Sen = —Q—b +AS e
where
ASggem = M(S; =) = MC,, ln-_rl_—? = (184.6 kg)(0.465 kJ/kg.K)ln% =100.1kJ/K
Substituting,
S :—&+AS = lekJ+100.1kJ/K:51.1kJ/K

gn o, YT 900 +273K
Noting that this much entropy is generated in 1 min, the rate of entropy generation becomes

_ Sgen _ SLIKI/K

gen N =51.1kJ/min.K = 0.85 kW/K
At 1min
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7-111

7-155 The inner and outer surfaces of a brick wall are maintained at specified temperatures. The rate of entropy generation
within the wall is to be determined.

Assumptions Steady operating conditions exist since the surface temperatures of the wall remain constant at the specified
values.

Analysis We take the wall to be the system, which is a closed
system. Under steady conditions, the rate form of the entropy
balance for the wall simplifies to Brick Wall

S~in _Sout + S =AS @0 =0

gen system - >

[ —— — | —
Rate of net entropy transfer ~ Rate of entropy ~ Rate of change
by heat and mass generation of entropy

Qin Q ui 3
_<in _ out S genwall =0 i 20cm o
Toin  Toou 20°C 2°C

I550W _1550W
293K 275K

S 0

gen,wall =

S =0.346 W/K

gen,wall

Therefore, the rate of entropy generation in the wall is 0.346 W/K.

7-156 A person is standing in a room at a specified temperature. The rate of
entropy transfer from the body with heat is to be determined.

Assumptions Steady operating conditions exist.

Analysis Noting that Q/T represents entropy transfer with heat, the rate of

entropy transfer from the body of the person accompanying heat transfer is Ts=

¢ _Q_336W

transfer ? - 307 K = 1094 W/K
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7-157 A 1000-W iron is left on the iron board with its base exposed to the air at 20°C. The rate of entropy generation is to
be determined in steady operation.

Assumptions Steady operating conditions exist.

Analysis We take the iron to be the system, which is a closed system.
Considering that the iron experiences no change in its properties in 1000 W
steady operation, including its entropy, the rate form of the entropy

balance for the iron simplifies to .
. . . e S0 ——
Sin - Sout + Sgen - ASsystem =0 —
—— —— —_—
Rate of net entropy transfer ~ Rate of entropy ~ Rate of change >
by heat and mass generation of entropy ]
Qout 3 —
- T + Sgen,iron =0
b,out
Therefore,
' 1000 W
wonion = 2w J1O0OW a6
Th.out 673K

The rate of total entropy generation during this process is determined by applying the entropy balance on an extended
system that includes the iron and its immediate surroundings so that the boundary temperature of the extended system is at
20°C at all times. It gives

Qe Q _ 1000W

Toouw T, 293K

surr

S =3.413WIK

gen, total =

Discussion Note that only about one-third of the entropy generation occurs within the iron. The rest occurs in the air
surrounding the iron as the temperature drops from 400°C to 20°C without serving any useful purpose.
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7-113

7-158E A cylinder contains saturated liquid water at a specified pressure. Heat is transferred to liquid from a source and
some liquid evaporates. The total entropy generation during this process is to be determined.

Assumptions 1 No heat loss occurs from the water to the surroundings during the process. 2 The pressure inside the
cylinder and thus the water temperature remains constant during the process. 3 No irreversibilities occur within the cylinder
during the process.

Analysis The pressure of the steam is maintained constant. Therefore, the temperature of the steam remains constant also at
T = Tsat@40 psia = 267.20F = 727.2 R (Table A'SE)
Taking the contents of the cylinder as the system and noting that the

temperature of water remains constant, the entropy change of the system
during this isothermal, internally reversible process becomes

o H,0
in 600 Btu :

Sys,in

ASysiom =~ = = 0.8251 Bu/R 40 psia 41”00 By

sys

Similarly, the entropy change of the heat source is determined from

NS,y =~ Do O00Bt i

souree T 1000 + 460 R

source

Now consider a combined system that includes the cylinder and the source. Noting that no heat or mass crosses the
boundaries of this combined system, the entropy balance for it can be expressed as

S, —S =AS

in out + Sgen system
— —_—
Net entropy transfer Entropy Change
by heat and mass generation in entropy
0+ Sgen,total = ASWater + ASsource

Therefore, the total entropy generated during this process is

S | =AS + AS =0.8251-0.4110 =0.414 Btu/R

gen,tota water source

Discussion The entropy generation in this case is entirely due to the irreversible heat transfer through a finite temperature
difference. We could also determine the total entropy generation by writing an energy balance on an extended system that
includes the system and its immediate surroundings so that part of the boundary of the extended system, where heat transfer
occurs, is at the source temperature.

PROPRIETARY MATERIAL. © 2011 The McGraw-Hill Companies, Inc. Limited distribution permitted only to teachers and educators for course
preparation. If you are a student using this Manual, you are using it without permission.



www.semeng.ir

www. 20f 11 e. org

7-114

7-159E Steam is decelerated in a diffuser from a velocity of 900 ft/s to 100 ft/s. The mass flow rate of 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 Potential energy changes are negligible.
3 There are no work interactions.

Properties The properties of steam at the inlet and the exit of the diffuser are (Tables A-4E through A-6E)
P = 20 psia } h, =1162.3 Btu/lbm

T, =240°F [, =1.7406 Btu/Ibm- R Q
h, =1160.5 Btu/lbm
T =280 | 7141 Bow/lbm . R
= . m .
sat. vapor 2 3 _ . T, =240°F
v, =16.316 ft"/Ibm Py =20 psia Steam Sat. vapor
Ty =240°F ——> =100 ft)s

Analysis (a) The mass flow rate of the steam can be V, =900 ft/s \ A= P
.=

determined from its definition to be

= AV, = ;(1 fit? Xloo ft/s)=6.129 lbm/s
v 16.316 ft*/lbm

(b) We take diffuser 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 (steady) _
Ein - Eout - AEsystcm =0
—_— N —
Rate of net energy transfer  Rate of change in internal, kinetic,
by heat, work, and mass potential, etc. energies
Ein = Eout

m(h, +V,2/2)-Q,, = m(h, +V;/2) (since W = Ape = 0)
Vi V2
2

Qout = _m[hz —h +

Substituting, the rate of heat loss from the diffuser is determined to be

Quy = —(6.129 lbm/s{l 1605 1162.3.+ 100 fUs)" = (900 fUs)’ ( 1 Btu/lbm

. 25037 12 D =108.42 Btu/s

The rate of total entropy generation during this process is determined by applying the entropy balance on an extended
system that includes the diffuser and its immediate surroundings so that the boundary temperature of the extended system is

77°F at all times. It gives

. . . . &0
Sin - Sout + Sgen - ASsystem =0

—— — —_—

Rate of netentropy transfer ~ Rate of entropy ~ Rate of change

by heat and mass generation of entropy
; : Qout 3
ms; —ms, — —*=+S,,, =0
b,surr

Substituting, the total rate of entropy generation during this process becomes

S, = M(s, — sl)+ﬁ = (6.129 Ibm/s)(1.7141—1.7406)Btu/Ibm - R +% =0.0395 Btu/s-R

gen
b,surr
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7-160 Steam is accelerated in a nozzle from a velocity of 55 m/s to 390 m/s. The exit temperature 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 Potential energy changes are negligible.
3 There are no work interactions. 4 The device is adiabatic and thus heat transfer is negligible.

Properties From the steam tables (Table A-6),

h, =3351.6 ki/kg
s, =7.1768 kl/kg - K

P =25 MPa}
v, =0.13015 m*/kg

T, =450°C

Analysis (a) There is only one inlet and one exit, and thus m;, =m, =m. We take nozzle 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 (steady) _
Ein - Eout AEsystem =0
[ —
Rate of net energy transfer  Rate of change in internal, kinetic, P, =2.5 MP
by heat, work, and mass potential, etc. energies 1= 4. a Steam P2 =1 MPa

E _E T,=450°C  ——>  V,=390m/s

in = Tout Vi =55m/s /
m(h, +V> /2) =m(h, +V}/2) (sinceQ = W = Ape = 0)

V7 -V/?
0=h2—h1+%

Substituting,,

2 2
- 1K/
or, h, =3351.6 ki/kg — (390 ms)” (55 m/s) Y L 1=3277.0 kg
2 1000 m~/s
Thus,
P, =1 MPa T, =405.9°C
hy, =3277.0 ki/kg [ s, =7.4855 kl/kg - K

The mass flow rate of steam is
o1

= —3(6 x107*m? Xss m/s)=0.2535 kg/s
v 0.13015 m® /kg

(b) Again we take the nozzle to be the system. Noting that no heat crosses the boundaries of this combined system, the
entropy balance for it can be expressed as

. . . e $0
Sin - Sout + S gen - ASsystcm =0
— -
Rate of net entropy transfer ~ Rate of entropy ~ Rate of change
by heat and mass generation of entropy

s, —Ms, + Sy, =0
Sgen = m(SZ - S1)
Substituting, the rate of entropy generation during this process is determined to be

Sgen =M(s, —5,)=1(0.2535 kg/s [7.4855 — 7.1768 )kJ/kg - K =0.07829 kW/K
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7-161 Steam expands in a turbine from a specified state to another specified state. The rate of entropy generation during this
process is 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.
Properties From the steam tables (Tables A-4 through 6)
P1 =8 MPa
P =8MPa | h, =3399.5kl/kg T, = 500°C
T, =500°C |s; =6.7266 kl/kg - K l

P, =40 kPa | h, =2636.1kJ/kg
s, =7.6691kl/kg -K

sat. vapor

STEAM
3

Analysis There is only one inlet and one exit, and thus m, =m, =m. We TURBINE

take the turbine as the system, which is a control volume since mass crosses 8.2 MW
the boundary. The energy balance for this steady-flow system can be
expressed in the rate form as
- - - 70 (steady)
E,—E = AE =0
n out system Pz =40 kPa
Rate of net energy transfer  Rate of change in internal, kinetic,
by heat, work, and mass potentifl, etc. energies sat. vapor
Ein = Eout
mh1 = Qout +Wout + mh2

Qout = m(hl - h2) _Wout

Substituting,

Qut = (40,000/3600 kg/s)(3399.5 — 2636.1)kJ/kg — 8200 kJ/s =282.6 kl/s

The rate of total entropy generation during this process is determined by applying the entropy balance on an extended
system that includes the turbine and its immediate surroundings so that the boundary temperature of the extended system is

25°C at all times. It gives

. . . g s
Sin - Sout + Sgen - ASsystem =0
(S ———— — (R —)
Rate of net entropy transfer ~ Rate of entropy ~ Rate of change
by heat and mass generation of entropy
; : Qout 3 —
ms; —Mms, — —"—+3S,,, =0
b,surr

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

. ' 282.6 k
S,y =M(s, —5,)+ Qo _ (40,000/3600 kg/s )(7.6691 - 6.7266 )kI/kg - K + % =11.4 KW/K

gen
b,surr
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7-162E Air is compressed steadily by a compressor. The mass flow rate of air through the compressor 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 Potential energy changes are negligible.
3 Air is an ideal gas with variable specific heats.

Properties The gas constant of air is 0.06855 Btu/Ibm.R (Table A-1E). The inlet and exit enthalpies of air are (Table A-

17E)
T, =520R h, =124.27Btu/lbm
B =15psia | s =0.59173Btu/lbm-R 5
T, =1080 R h, = 260.97Btu/Ibm
P, =150 psia | s; = 0.76964Btu/lbm- R 400 hp
: L AIR 3
Analysis (a) 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
1,500 Btu/min

- —>

. . _ : 70 (steady) _
Ein - Eout - AEsystem =0
— —_—

Rate of net energy transfer  Rate of change in internal, kinetic,

by heat, work, and mass potential, etc. energies
E.=E

n out

W, +m(h, +V,> /2)=Q,, +m(h, +V,/2) (since Ape = 0)
. . V 2 _V 2
Wi, = Qoue = m[hz -h +%J

Substituting, the mass flow rate is determined to be

. B 1500 B . f'sf [ 1Bt/
Thus, (400 hp)f &TOS8 B | 1500Bt _ ) c) o0 15y 57, (350 105) wibm
Lhp 60s 2 25,037 ft°/s

It yields m=1.852 lbm/s

(b) Again we take the compressor to be the system. Noting that no heat or mass crosses the boundaries of this combined
system, the entropy balance for it can be expressed as

. . . e S0
Sin - Sout + Sgen - ASsystem =0
— — [ —
Rate of net entropy transfer ~ Rate of entropy  Rate of change
by heat and mass generation of entropy
. . Qout 3 _ 2 _— Qout
s, — ms, — +Sgen =0 = Sy =i(s, =5 )+
b,surr b,surr

where

AS,, =m(s, - )= m[s; —s — Rln%}
1

150 psia

=(1.852 1bm/s)(o.76964 ~0.59173 - (0.06855 Btu/Ibm - R )in j =0.0372 Btu/s-R

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

Sy = (S, — 5,)+ 20 = 0,0372 Brus R + 120 O BWS _ 4 553 Bruss R
S20R

b,surr
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7-118

7-163 A hot water stream is mixed with a cold water stream. For a specified mixture temperature, the mass flow rate of cold
water stream and the rate of entropy generation are to be determined.

Assumptions 1 Steady operating conditions exist. 2 The mixing chamber is well-insulated so that heat loss to the
surroundings is negligible. 3 Changes in the kinetic and potential energies of fluid streams are negligible.

Properties Noting that T < Ty @ 200 kea = 120.21°C, the water in all three streams exists as a compressed liquid, which can be
approximated as a saturated liquid at the given temperature. Thus from Table A-4,

P =200kPa| M =h .. =293.07kikg
T, =70°C [ 8128, 400 =09551Ki/kg K

c 70°C.
3.6 kg/s

P, =200 kPa } h, = hf@zooC =83.91kl/kg H,O aooc
T,=20°C  [$5=84p0c =02965 kl/kg - K e 0
Py=200kPa| hs=h ... =17590ki/kg 20

T, =42°C Sy = sf@wC =0.5990 kJ/kg - 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

- 2 5 . .
= AE 0 teady) — g 5 my +rhy =m,

Mass balance: m, —m system

out

Energy balance:

- : _ - 20 (steady) _
Ein - Eout - AEsystcm =0
—_— N R —
Rate of net energy transfer  Rate of change in internal, kinetic,
by heat, work, and mass potential, etc. energies
Ein = Eout

mh, +m,h, =m;h, (since Q =W = Ake = Ape = 0)
Combining the two relations gives
by + myh, = (i, + )y
Solving for m, and substituting, the mass flow rate of cold water stream is determined to be

oo_hiohy (29307 -175.90)kI/ke
>Thy—h, ' (175.90-83.91)kl/kg

(3.6 kg/s) =4.586 kg/s

Also, My =M, +mM, =3.6+4.586 =8.186 kg/s

(b) Noting that the mixing chamber is adiabatic and thus there is no heat transfer to the surroundings, the entropy balance of
the steady-flow system (the mixing chamber) can be expressed as

. . . e S0
Sin - Sout + Sgen - ASsystem =0
— —— —

Rate of net entropy transfer  Rate of entropy ~ Rate of change

by heat and mass generation of entropy

m;s; + mM,s, —M;S; + Sgcn =0
Substituting, the total rate of entropy generation during this process becomes
Sgen = M3S3 —MM,s; —Ms,

= (8.186 kg/s}0.5990 kJ/kg - K )—(4.586 kg/s)(0.2965 ki/kg-K)— (3.6 kg/s)0.9551 ki/kg-K)
=0.1054 kW/K
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7-119
7-164 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,

P, =200 kPa } by =, e =83.91kIkg

T, =20°C |81 28, 50 =02965 ki/kg - K 1200 kJ/min
P, =200 kPa } h, =2769.1 kJ/kg S00C /f
T, =150°C s, =7.2810 kJ/kg - K ( :)—%
2 2 g 25kgls | MIXING
P, =200 kpa} hy=h e =251.18 kikg CHAMBER 60°C ©)
T; =60°C $3 =S¢ aoc =0.8313 kJ/kg - K 150° 200 kPa
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

. . . A . . .
Mass balance: My, — Mg, = AM g 0 (teady) — 0 — 5, +m, =m,

Energy balance:

- . _ - J0 (steady) _
Ein - Eout - AEsystem =0
[ \ -
Rate of net energy transfer  Rate of change in internal, kinetic,
by heat, work, and mass potential, etc. energies
Ein = Eout

myh, +myh, = Q,, + My,

out
Combining the two relations gives ~ Q,,, = myh, +m,h, —(m, +m, )h, =, (h, —hy )+, (h, —h,)
Solving for m, and substituting, the mass flow rate of the superheated steam is determined to be

Qou — My (0 —hs) _ (1200/60kJ/s) - (2.5 kg/s)83.91-251.18 )k

ke _ 0,166 kgls
h, — Ny (2769.1-251.18)kI/kg

m2:

Also,  my =, + 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

. . . e s
Sin - Sout + Sgen - ASsystem =0
A —_ —
Rate of net entropy transfer ~ Rate of entropy ~ Rate of change
by heat and mass generation of entropy

mlsl + m232 - m353 - QOUt + Sgen = 0

b,surr

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

c . . Qout
Sgen = M;S; —M,S, —m;s; +

b,surr

= (2.666 kg/s)0.8313 kJ/kg - K)—(0.166 kg/s)7.2810 ki/kg -K)
)+ (1200/ 60 kJ/s)

(2.5 kg/s)0.2965 kl/kg - K
(2.5 kes ) g T

=0.333 kKW/K
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7-120

7-165 A rigid tank initially contains saturated liquid water. A valve at the bottom of the tank is opened, and half of mass in
liquid form is withdrawn from the tank. The temperature in the tank is maintained constant. The amount of heat transfer
and the entropy generation during this process are to be determined.

Assumptions 1 This is an unsteady process since the conditions within the device are changing during the process, but it
can be analyzed as a uniform-flow process since the state of fluid leaving the device remains constant. 2 Kinetic and
potential energies are negligible. 3 There are no work interactions involved. 4 The direction of heat transfer is to the tank
(will be verified).

Properties The properties of water are (Tables A-4 through A-6)
HQO /’ Q

_ _ 3 3

T _120°C VI =V anoc =0.001060 m”/kg 0.13m

PO T U=, =503.60 ki/kg 120°C
sat. liquid @ St
S1 =S¢ @i0c = 1.5279 kJ/kg - K .

T, =120°C | he= hf@120°c =503.81kJ/kg é_‘

sat. liquid | Se =S¢ g n0c = 1.5279 kJ/kg - K Me

Analysis (a) We take the tank as the system, which is a control volume since mass crosses the boundary. Noting that the
microscopic energies of flowing and nonflowing fluids are represented by enthalpy h and internal energy u, respectively,
the mass and energy balances for this uniform-flow system can be expressed as

Mass balance:

m,, — My, = Am

in —> Me=m-m

system

Energy balance:
Ein - Eout = AE

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

Q. = Meh, + myu, —myu; (since W = ke = pe = 0)
The initial and the final masses in the tank are

18 m?
m =Y O8M 69 76ke

v, 0.001060 m®/kg
m, =%m1 =%(l69.76 kg)=284.88 kg =m,

Now we determine the final internal energy and entropy,

3
v, =L _O8M G 0121 m kg
m, 84.88 kg
v, =V —
g 22TV 0002121-0.001060 o1,
v 08913-0.001060

T, =120°C Uy =Ug + XU gy =503.60 +(0.001191)2025.3)=506.01 kl/kg
X, =0.001191 [ S, =S¢ +X,S ¢, =1.5279 +(0.001191)5.6013)=1.5346 kl/kg - K

The heat transfer during this process is determined by substituting these values into the energy balance equation,

Qin =Mehe +myu, —myu,
=(84.88 kg)(503.81 kl/kg) + (84.88 kg }(506.01 kJ/kg ) — (169.76 kg )(503.60 kJ/kg)
=222.6 kJ

(b) The total entropy generation is determined by considering a combined system that includes the tank and the heat source.
Noting that no heat crosses the boundaries of this combined system and no mass enters, the entropy balance for it can be
expressed as
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Sin —S + Sgn =AS ——>—MgSe + Sgep, = AS i +AS

in out system source
—— —
Net entropy transfer Entropy Change

by heat and mass generation  in entropy
Therefore, the total entropy generated during this process is

Qsource out
=MeSe +(MySy —MySy) —————

source

Sgen =MyS, + AS +AS
source

= (84.88 kg )(1.5279 ki/kg - K )+ (84.88 kg )(1.5346 kl/kg - K)

—(169.76 kg )1.5279 ki/kg - K ) - 2226
(230 +273) K

=0.1237 kJ/K

7-121
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7-122

7-166E An unknown mass of iron is dropped into water in an insulated tank while being stirred by a 200-W paddle wheel.
Thermal equilibrium is established after 10 min. The mass of the iron block and the entropy generated during this process
are to be determined.

Assumptions 1 Both the water and the iron block are incompressible substances with constant specific heats at room
temperature. 2 The system is stationary and thus the kinetic and potential energy changes are zero. 3 The system is well-
insulated and thus there is no heat transfer.

Properties The specific heats of water and the iron block at room temperature are Cp, yaer = 1.00 Btu/lbm.°F  and C;, jron =
0.107 Btu/lbm.°F (Table A-3E). The density of water at room temperature is 62.1 lbm/ft’.

Analysis (a) We take the entire contents of the tank, water + iron block, as the system. This is a closed system since no
mass crosses the system boundary during the process. The energy balance on the system can be expressed as

Ein - Eout = AEsystem
(S ———
Net energy transfer Change in internal, kinetic,
by heat, work, and mass potential, etc. energies
pr,in = AU
or, pr,in = AUiron +AU water
200 W
pr,in = [mC(TZ _Tl )] iron T [mC(T2 _Tl )] water
where
Myaer = PV = (62.1 Tom/t*f0.8 %) = 49.7 Tbom

W, =W, At = (0.2 kI/s)(10 x 60 s)( tu J =113.7 Btu

1
1.055 kJ
Using specific heat values for iron and liquid water and substituting,

113.7 Btu = my,,,(0.107 Btu/lbm-"F)(75 -185)°F + (49.7 lbm)(l .00 Btu/lbm-"F)(75 - 70)°F
Mion = 11.4 Ibm

(b) Again we take the iron + water in the tank to be the system. Noting that no heat or mass crosses the boundaries of this
combined system, the entropy balance for it can be expressed as

Sin - Sout + Sgen =AS

— —— —
Net entropy transfer Entropy Change
by heat and mass generation  in entropy

0+S =AS. +AS

gen,total — iron water

system

where

T R
ASon = MCyy 1n(T—2J = (11.4 1bm)0.107 Btw/Ibm - R)ln(%] =-0.228 Btu/R

1

AS yager = MCyy 1n[1—2j =(49.6 Ibm (1.0 Btu/Ibm - R)ln( 2 2(5) i] = 0.466 Btu/R

1

Therefore, the entropy generated during this process is

AS o121 = Sgen = ASiron + AS yer = —0.228 +0.466 = 0.238 Btu/R

ron water
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7-123

7-167 Liquid water is withdrawn from a rigid tank that initially contains saturated water mixture until no liquid is left in the
tank. The quality of steam in the tank at the initial state, the amount of mass that has escaped, and the entropy generation
during this process are to be determined.

Assumptions 1 Kinetic and potential energy changes are zero. 2 There are no work interactions.

Analysis (a) The properties of the steam in the tank at the final state and the properties of exiting steam are (Tables A-4
through A-6)

u, = 2553.1kl/kg

P, = 400 kP
2 © Ly, = 046242 m’/kg A
X, =1(sat. vap.) Q
s, = 6.8955kJ/kg.K Water mixture
P =400kPa |h, = 604.66 kJ/kg 7.5kg
X, = 0 (sat. liq.)[ s, =1.7765 kl/kg K 400 kPa
~—,

The relations for the volume of the tank and the final mass in the tank are —

V=myv, =(75kgv,
7.5k
m, :i:%:m,zmul
vy,  0.46242m°/kg

The mass, energy, and entropy balances may be written as
Me =M, —M,

Qin —Mehe =m,u, —myu,

Qin
T—— M,Se + Sgen =m,s, —m;s,
Substituting,
mg =7.5-16.219v, )]
5-(7.5-16.219v,)(604.66) =16.219v,(2553.1) - 7.5u, 2)
5

————(7.5-16.219v,)(1.7765)+S,., =16.219v,(6.8955)—17.5s 3
500+273 ( ])( ) gen 1( ) 1 ( )

Eqg. (2) may be solved by a trial-error approach by trying different qualities at the inlet state. Or, we can use EES to solve
the equations to find

X; = 0.8666
Other properties at the initial state are

u, =2293.2kJ/kg
v, =0.40089 m’ /kg

P, =400 kPa }
s, =6.2129 kJ/kg K

Substituting into Eqs (1) and (3),
(b) m, =7.5-16.219(0.40089) = 0.998 kg
(©

5

— —17.5-16.219(0.40089)(1.7765) + S,.. =16.219(0.40089)(6.8955) —7.5(6.2129
W [ ( )J1.7765) + S ( X )—7.5( )

Sgen = 0.00553 kJ/K

PROPRIETARY MATERIAL. © 2011 The McGraw-Hill Companies, Inc. Limited distribution permitted only to teachers and educators for course
preparation. If you are a student using this Manual, you are using it without permission.



www.semeng.ir

www. 20f 11 e. org

7-124

Special Topic: Reducing the Cost of Compressed Air

7-168 The total installed power of compressed air systems in the US is estimated to be about 20 million horsepower. The
amount of energy and money that will be saved per year if the energy consumed by compressors is reduced by 5 percent is
to be determined.

Assumptions 1 The compressors operate at full load during one-third of the time on average, and are shut down the rest of
the time. 2 The average motor efficiency is 85 percent.

Analysis The electrical energy consumed by compressors per year is
Energy consumed = (Power rating)(Load factor)(Annual Operating Hours)/Motor efficiency
= (20x10° hp)(0.746 kW/hp)(1/3)(365x24 hours/year)/0.85
=5.125x10"" kWh/year 2

Then the energy and cost savings corresponding to a 5% reduction in
energy use for compressed air become

W=20x10° hp
]

Energy Savings = (Energy consumed)(Fraction saved) Air
= (5.125x10'"° kWh)(0.05) Compressor
=2.563x10° kWh/year

Cost Savings = (Energy savings)(Unit cost of energy)
=(2.563x10° kWh/year)($0.07/kWh)
=$0.179x10° /year

Therefore, reducing the energy usage of compressors by 5% will save $179 million a year.
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7-169 The compressed air requirements of a plant is being met by a 90 hp compressor that compresses air from 101.3 kPa
to 1100 kPa. The amount of energy and money saved by reducing the pressure setting of compressed air to 750 kPa is to be
determined.

Assumptions 1 Air is an ideal gas with constant specific heats. 2 Kinetic and potential energy changes are negligible. 3 The
load factor of the compressor is given to be 0.75. 4 The pressures given are absolute pressure rather than gage pressure.

Properties The specific heat ratio of air is k = 1.4 (Table A-2).
Analysis The electrical energy consumed by this compressor per year is
Energy consumed = (Power rating)(Load factor)(Annual Operating Hours)/Motor efficiency
= (90 hp)(0.746 kW/hp)(0.75)(3500 hours/year)/0.94
= 187,420 kWh/year

1100 kPa

The fraction of energy saved as a result of reducing the pressure
setting of the compressor is

(P reducea / PD* P =1 Com[;;ressor
(Pz /Pl)(kfl)/k -1

- (750/101.3)14-D/14 _q

(1100/101.3)34D/14 _q 101 kPa

=0.2098 15°C

Power Reduction Factor=1—

That is, reducing the pressure setting will result in about 11 percent savings from the energy consumed by the compressor
and the associated cost. Therefore, the energy and cost savings in this case become

Energy Savings = (Energy consumed)(Power reduction factor)
= (187,420 kWh/year)(0.2098)
= 39,320 kWh/year
Cost Savings = (Energy savings)(Unit cost of energy)
= (39,320 kWh/year)($0.085/kWh)
= $3342/year

Therefore, reducing the pressure setting by 250 kPa will result in annual savings of 39,320 kWh that is worth $3342 in this
case.

Discussion Some applications require very low pressure compressed air. In such cases the need can be met by a blower
instead of a compressor. Considerable energy can be saved in this manner, since a blower requires a small fraction of the
power needed by a compressor for a specified mass flow rate.
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7-170 A 150 hp compressor in an industrial facility is housed inside the production area where the average temperature
during operating hours is 25°C. The amounts of energy and money saved as a result of drawing cooler outside air to the
compressor instead of using the inside air are to be determined.

Assumptions 1 Air is an ideal gas with constant specific heats. 2 Kinetic and potential energy changes are negligible.
Analysis The electrical energy consumed by this compressor per year is
Energy consumed = (Power rating)(Load factor)(Annual Operating Hours)/Motor efficiency
= (150 hp)(0.746 kW/hp)(0.85)(4500 hours/year)/0.9
= 475,384 kWh/year
Also,
Cost of Energy = (Energy consumed)(Unit cost of energy) T, = 10°C Air EO hp
= (475,384 kWh/year)($0.07/kWh) Compressor
= $33,277/year

The fraction of energy saved as a result of drawing in cooler outside air is

T . 101 kPa
Power Reduction Factor = [ — —2uside — 1 _ 10+273 =0.0503 250C
T. 25+273 1

inside

That is, drawing in air which is 15°C cooler will result in 5.03 percent savings from the energy consumed by the
compressor and the associated cost. Therefore, the energy and cost savings in this case become

Energy Savings = (Energy consumed)(Power reduction factor)
= (475,384 kWh/year)(0.0503)
= 23,929 kWh/year
Cost Savings = (Energy savings)(Unit cost of energy)
= (23,929 kWh/year)($0.07/kWh)
= $1675/year
Therefore, drawing air in from the outside will result in annual savings of 23,929 kWh, which is worth $1675 in this case.

Discussion The price of a typical 150 hp compressor is much lower than $50,000. Therefore, it is interesting to note that the
cost of energy a compressor uses a year may be more than the cost of the compressor itself.

The implementation of this measure requires the installation of an ordinary sheet metal or PVC duct from the
compressor intake to the outside. The installation cost associated with this measure is relatively low, and the pressure drop
in the duct in most cases is negligible. About half of the manufacturing facilities we have visited, especially the newer ones,
have the duct from the compressor intake to the outside in place, and they are already taking advantage of the savings
associated with this measure.
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7-171 The compressed air requirements of the facility during 60 percent of the time can be met by a 25 hp reciprocating
compressor instead of the existing 100 hp compressor. The amounts of energy and money saved as a result of switching to
the 25 hp compressor during 60 percent of the time are to be determined.

Analysis Noting that 1 hp = 0.746 kW, the electrical energy consumed by each compressor per year is determined from
(Energy consumed)parge = (Power)(Hours)[(LFXTF/Mmotor)unicaded + (LEXTF/ Mmotor)Loadedl
= (100 hp)(0.746 kW/hp)(3800 hours/year)[0.35x0.6/0.82+0.90x0.4/0.9]
= 185,990 kWh/year
(Energy consumed)sya; =(Power)(Hours)[(LEXTF/Mumotor)untoaded T (LFXTF/Mmotor)Loaded]
= (25 hp)(0.746 kW/hp)(3800 hours/year)[0.0x0.15+0.95x0.85]/0.88
= 65,031 kWh/year
Therefore, the energy and cost savings in this case become

Energy Savings = (Energy consumed)y .- (Energy consumed)smay W=100 hp

Air
= 185,990 - 65,031 kWh/year Compressor
= 120,959 kWh/year

Cost Savings = (Energy savings)(Unit cost of energy)
= (120,959 kWh/year)($0.075/kWh)
= $9,072/year

Discussion Note that utilizing a small compressor during the times of reduced compressed air requirements and shutting
down the large compressor will result in annual savings of 120,959 kWh, which is worth $9,072 in this case.

7-172 A facility stops production for one hour every day, including weekends, for lunch break, but the 125 hp compressor
is kept operating. If the compressor consumes 35 percent of the rated power when idling, the amounts of energy and money
saved per year as a result of turning the compressor off during lunch break are to be determined.

Analysis It seems like the compressor in this facility is kept on unnecessarily for one hour a day and thus 365 hours a year,
and the idle factor is 0.35. Then the energy and cost savings associated with turning the compressor off during lunch break
are determined to be

Energy Savings = (Power Rating)(Turned Off Hours)(Idle Factor)/nmotor
= (125 hp)(0.746 kW/hp)(365 hours/year)(0.35)/0.84

= 14,182 kWh/year W=125h
Air ~ P

Cost Savings = (Energy savings)(Unit cost of energy)
Compressor

= (14,182 kWh/year)($0.09/kWh)
= $1,276/year

Discussion Note that the simple practice of turning the compressor off during
lunch break will save this facility $1,276 a year in energy costs. There are also side
benefits such as extending the life of the motor and the compressor, and reducing
the maintenance costs.
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7-173 Tt is determined that 25 percent of the energy input to the compressor is removed from the compressed air as heat in
the aftercooler with a refrigeration unit whose COP is 2.5. The amounts of the energy and money saved per year as a result
of cooling the compressed air before it enters the refrigerated dryer are to be determined.

Assumptions The compressor operates at full load when operating.

Analysis Noting that 25 percent of the energy input to the compressor is removed by the aftercooler, the rate of heat
removal from the compressed air in the aftercooler under full load conditions is

= (Rated Power of Compressor)(Load Factor)(Aftercooling Fraction)
= (150 hp)(0.746 kW/hp)(1.0)(0.25) = 27.96 kW

Qaftercooling

The compressor is said to operate at full load for 2100 hours a year,
and the COP of the refrigeration unit is 2.5. Then the energy and cost
savings associated with this measure become

After-
cooler

Qaftercooling

Energy Savings = (Qaftercooling )(Annual Operating Hours)/COP

— (27.96 kW)(2100 hours/year)/2.5 W=150 hp

= 23,490 kWh/year

Air
Compressor

Cost Savings = (Energy savings)(Unit cost of energy saved)
= (23,490 kWh/year)($0.095/kWh)
= $2232/year

Discussion Note that the aftercooler will save this facility 23,490 kWh of electrical energy worth $2232 per year. The
actual savings will be less than indicated above since we have not considered the power consumed by the fans and/or
pumps of the aftercooler. However, if the heat removed by the aftercooler is utilized for some useful purpose such as space
heating or process heating, then the actual savings will be much more.
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7-174 The motor of a 150 hp compressor is burned out and is to be replaced by either a 93% efficient standard motor or a
96.2% efficient high efficiency motor. The amount of energy and money the facility will save by purchasing the high-
efficiency motor instead of standard motor are to be determined. It is also to be determined if the savings from the high
efficiency motor justify the price differential.

Assumptions 1 The compressor operates at full load when operating. 2 The life of the motors is 10 years. 3 There are no
rebates involved. 4 The price of electricity remains constant.

Analysis The energy and cost savings associated with the installation of the high efficiency motor in this case are
determined to be

Energy Savings = (Power Rating)(Operating Hours)(Load Factor)(1/Msandard = 1/Mefficient)
= (150 hp)(0.746 kW/hp)(4,368 hours/year)(1.0)(1/0.930 - 1/0.962)
= 17,483 kWh/year

Cost Savings = (Energy savings)(Unit cost of energy)
= (17,483 kWh/year)($0.075/kWh)
. 150 hp
=$1311/year Air —

Compressor

The additional cost of the energy efficient motor is
Cost Differential = $10,942 - $9,031 = $1,911

Discussion The money saved by the high efficiency motor will pay for this cost
difference in $1,911/$1311 = 1.5 years, and will continue saving the facility money
for the rest of the 10 years of its lifetime. Therefore, the use of the high efficiency
motor is recommended in this case even in the absence of any incentives from the
local utility company.
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7-175 The compressor of a facility is being cooled by air in a heat-exchanger. This air is to be used to heat the facility in
winter. The amount of money that will be saved by diverting the compressor waste heat into the facility during the heating
season is to be determined.

Assumptions The compressor operates at full load when operating.

Analysis Assuming ¢, = 1.0 kJ/kg.°C and operation at sea level and taking the density of air to be 1.2 kg/m’, the mass flow
rate of air through the liquid-to-air heat exchanger is determined to be

Mass flow rate of air = (Density of air)(Average velocity)(Flow area)
(1.2 kg/m*)(3 m/s)(1.0 m?)
3.6 kg/s = 12,960 kg/h

Noting that the temperature rise of air is 32°C, the rate at which heat can be recovered (or the rate at which heat is
transferred to air) is

Rate of Heat Recovery = (Mass flow rate of air)(Specific heat of air)(Temperature rise)
= (12,960 kg/h)(1.0 kJ/kg.°C)(32°C) Hot
=414,720 kJ/h Comp}ressed
The number of operating hours of this compressor during the heating season is m ar
Operating hours = (20 hours/day)(5 days/week)(26 weeks/year) Air  —> e
= 2600 hours/year g (z;/CS m 52°C
Then the annual energy and cost savings become > RS
Energy Savings = (Rate of Heat Recovery)(Annual Operating Hours)/Efficiency SRR
= (414,720 kJ/h)(2600 hours/year)/0.8
=1,347,840,000 kJ/year

= 12,776 therms/year

ittt

Cost Savings = (Energy savings)(Unit cost of energy saved)
= (12,776 therms/year)($1.0/therm)
=$12,776/year
Therefore, utilizing the waste heat from the compressor will save $12,776 per year from the heating costs.

Discussion The implementation of this measure requires the installation of an ordinary sheet metal duct from the outlet of
the heat exchanger into the building. The installation cost associated with this measure is relatively low. A few of the
manufacturing facilities we have visited already have this conservation system in place. A damper is used to direct the air
into the building in winter and to the ambient in summer.

Combined compressor/heat-recovery systems are available in the market for both air-cooled (greater than 50 hp)
and water cooled (greater than 125 hp) systems.
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7-176 The compressed air lines in a facility are maintained at a gage pressure of 700 kPa at a location where the
atmospheric pressure is 85.6 kPa. There is a 3-mm diameter hole on the compressed air line. The energy and money saved
per year by sealing the hole on the compressed air line.

Assumptions 1 Air is an ideal gas with constant specific heats. 2 Kinetic and potential energy changes are negligible.
Properties The gas constant of air is R = 0.287 kJ/kg.K. The specific heat ratio of air is k= 1.4 (Table A-2).

Analysis Disregarding any pressure losses and noting that the absolute pressure is the sum of the gage pressure and the
atmospheric pressure, the work needed to compress a unit mass of air at 15°C from the atmospheric pressure of 85.6 kPa to
700+85.6 = 785.6 kPa is determined to be

y _KRT, p, K |
comp.in 77c0mp (k - 1) I:’l

_ (1.4)(0.287 kJ/kg K)(288 K) K 785.6 kPa j“‘“””"‘ B 1]

0.8)(1.4-1) 85.6 kPa
=319.6kJ/kg
The cross-sectional area of the 5-mm diameter hole is P.m = 85.6 kPa, 15°C
A=D?/4=7(3x10" m)? /4=7.069x107% m? Air leak

Noting that the line conditions are Tp = 298 K and ﬁ
Po = 785.6 kPa, the mass flow rate of the air leaking » >
through the hole is determined to be

Compressed air line

1/(k-1) o
P, 700 kPa, 25°C
mair = Closs 2 . A kR 2 TO :
k+1 RT, k+1

0 65)[ 2 j”“"“” 785.6 kPa
1441 (0.287 kPa.m® / kg K)(298 K)

2 2
x \/(1.4)(0.287kJ/kg.K)[looom /s J( 2 ](298K)

(7.069x107° m?)

1klkg N14+1
=0.008451kg/s

Then the power wasted by the leaking compressed air becomes

Power wasted = i, W =(0.008451kg/s)(319.6 kl/kg) = 2.701 kW

air 'V comp,in

Noting that the compressor operates 4200 hours a year and the motor efficiency is 0.93, the annual energy and cost savings
resulting from repairing this leak are determined to be

Energy Savings = (Power wasted)(Annual operating hours)/Motor efficiency
=(2.701 kW)(4200 hours/year)/0.93
= 12,200 kWhl/year
Cost Savings = (Energy savings)(Unit cost of energy)
= (12,200 kWh/year)($0.07/kWh)
= $854/year
Therefore, the facility will save 12,200 kWh of electricity that is worth $854 a year when this air leak is sealed.
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7-177 The total energy used to compress air in the US is estimated to be 0.5x10"° kJ per year. About 20% of the
compressed air is estimated to be lost by air leaks. The amount and cost of electricity wasted per year due to air leaks is to
be determined.

Assumptions About 20% of the compressed air is lost by air leaks. 2
Analysis The electrical energy and money wasted by air leaks are

Energy wasted = (Energy consumed)(Fraction wasted)

— 15
= (0.5x10" kJ)(1 kWh/3600 kJ)(0.20) Air W=0.5x10""kJ

9 Compressor
= 27.78x10° kWh/year

Money wasted = (Energy wasted)(Unit cost of energy)
= (27.78x10° kWh/year)($0.07/kWh)
= $1.945x10° /year

1

Therefore, air leaks are costing almost $2 billion a year in electricity costs. The environment also suffers from this because
of the pollution associated with the generation of this much electricity.
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7-133
Review Problems

7-178E The source and sink temperatures and the thermal efficiency of a heat engine are given. The entropy change of the
two reservoirs is to be calculated and it is to be determined if this engine satisfies the increase of entropy principle.

Assumptions The heat engine operates steadily.

Analysis According to the first law and the definition of the thermal efficiency, @
QL =01-7)0Qy =(1-0.4)(1Btu) =0.6 Btu Ou
When the .therr.nal efﬁciepcy is 40%. The entropy change of everything @
involved in this process is then Q Woer
AS 1 =ASH +AS| o
= Q—H+Q—" = ﬂ+06ﬂ =0.000431Btu/R

Ty T, 1300R 500R
Since the entropy of everything has increased, this engine is possible. When the thermal efficiency of the engine is 70%,
QL =01-7)Qy =(1-0.7)1Btu) = 0.3 Btu
The total entropy change is then

AS total = AS H + AS L

_Qu Q1B 03BW_ 46560169 Btu/R
T, T, I1300R 500R

which is a decrease in the entropy of everything involved with this engine. Therefore, this engine is now impossible.
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7-134

7-179 The source and sink temperatures and the COP of a refrigerator are given. The total entropy change of the two
reservoirs is to be calculated and it is to be determined if this refrigerator satisfies the second law.

Assumptions The refrigerator operates steadily.
Analysis Combining the first law and the definition of the coefficient of @

performance produces
Lo Cawnf1+d] =125
OPy 4)7 @) — W

when COP = 4. The entropy change of everything is then 1kI

AS i = ASy +AS, m

_Qu Q12K S 600173 KK

Ty T. 303K 253K

Qn :QL(1+C

Since the entropy increases, a refrigerator with COP = 4 is possible. When the coefficient of performance is increased to 6,

J: a kJ)(l+%j =1.167kJ

1
Qn —QL[1+ COP

R
and the net entropy change is
AS g = ASy +AS,

_Qu Qu_LI6TK -1k _ 4 440101k
T, T, 303K 253K

and the refrigerator can no longer be possible.

7-180 The operating conditions of a refrigerator are given. The rate of entropy changes of all components and the rate of
cooling are to be calculated and it is to be determined if this refrigerator is reversible.

Assumptions The refrigerator operates steadily.

Analysis Applying the first law to the refrigerator below, the rate of cooling is @
QL =0 ~Wpein =14kW —10kW = 4KW Qu

The rate of entropy change for the low-temperature reservoir, according to the e W
definition of the entropy, is

s, =2 24KV o kwik
T, 200K

The rate at which the entropy of the high-temperature energy reservoir is changing is

: )y 14k
AS _Qu _I8KW ) 35wk
T, 400K

Since the working fluid inside the refrigerator is constantly returning to its original state, the entropy of the device does not
change. Summing the rates at which the entropy of everything involved with this device changes, produces

AS a1 = ASp +AS| +AS 4ouice =0.035-0.020+0 = 0.015kW/K

Hence, the increase in entropy principle is satisfied, and this refrigerator is possible, but not completely reversible.
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7-135
7-181 R-134ais compressed in a compressor adiabatically. The minimum internal energy at the final state is to be
determined.
Analysis The initial state is saturated mixture and the properties are (Table A-12) T
S1 =St@200kPa T XS g @200kPa

=0.15457 + 0.85(0.78316)

=0.8203kJ/kg - K 2 {
For minimum internal energy at the final state, the process should be isentropic. 1
Then, S

S; =S¢ 08203 -035404
Stg 0.56431
Uy =Us + XU g =94.79 +(0.8262)(152.00) = 220.4 kJ/kg

=0.8262

P, =800 kPa X, =
s, =5, =0.8203kl/kg - K
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7-136

7-182 R-134ais condensed in a piston-cylinder device in an isobaric and reversible process. It is to be determined if the
process described is possible.

Analysis We take the R-134a as the system. This is a closed system since no mass crosses the boundaries of the system.
The energy balance for this system can be expressed as

Ein - Eout = AE

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

= Quut =W o =AU =m(u, —u;) Ri34a |y O
_Qout :Wb,out + m(u2 - ul) 181\(/)%)(?
= Qoue =M(hy —hy)

Qout = m(hl - h2)

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

system

The initial and final state properties are (Tables A-12 and A-13)

P, =1000kPa | h, =421.36 ki/kg
T, =100°C  |[s, =13124kl/kg K

P, =1000 kPa }hz =107.32kJ/kg
X, =0 s, =0.3919kJ/kg - K v
Substituting,

Oout =My —h, =421.36 -107.32=314.0 kl/kg
The entropy change of the energy reservoir as it undergoes a reversible, isothermal process is

 Qou _ 314.0kI/kg
wrUT T (100+273)K

As =0.8419kJ/kg - K

res

where the sign of heat transfer is taken positive as the reservoir receives heat. The entropy change of R-134a during the
process is

ASgi3as =Sy — S, =0.3919 —1.3124 =-0.9205 kl/kg - K

The total entropy change is then,

surr

Since the total entropy change (i.e., entropy generation) is negative, this process is impossible.
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7-137

7-183 Air is first compressed adiabatically and then expanded adiabatically to the initial pressure. It is to be determined if
the air can be cooled by this process.

Analysis From the entropy change relation of an ideal gas,
T P
As,, =CpIn—=-RIn—=
T P
Since the initial and final pressures are the same, the equation reduces to
T
Asy =C,In=?
1
As there are no heat transfer, the total entropy change (i.e., entropy generation) for this process is equal to the entropy
change of air. Therefore, we must have
T
Asy =C,In—220
1
The only way this result can be satisfied is if

It is therefore impossible to create a cooling effect (T, < T;) in the manner proposed.

7-184E Air is compressed adiabatically in a closed system. It is to be determined if this process is possible.

Assumptions 1 Changes in the kinetic and potential energies are negligible. 4 Air is an ideal gas with constant specific
heats.

Properties The properties of air at room temperature are R = 0.3704 psia-ft’/Ibm-R, C, = 0.240 Btu/lbm-R, k = 1.4 (Table A-
2Ea).

Analysis The specific volume of air at the initial state is

RT, _ (0.3704psia - ft’/Ibm - R)(560R)
P, 20 psia

=10.37 ft*/Ibm

v =

The volume at the final state will be minimum if the process is isentropic. The specific volume for this case is determined
from the isentropic relation of an ideal gas to be

1/k 1/1.4

5 .

vy =u 2| =037 /3 bm) 22PS | ) 884 %1bm
’ P, 120 psia

and the minimum volume is
V, =mu, =(11bm)(2.884ft*/Ibm)=2.88 ft3

which is smaller than the proposed volume 3 ft*/Ibm. Hence, it is possible to compress this air into 3 ft*/lbm.
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7-138

7-185E A solid block is heated with saturated water vapor. The final temperature of the block and water, and the entropy
changes of the block, water, 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) As the block is heated, some of the water vapor will be condensed. We will assume (will be checked later) that
the water is a mixture of liquid and vapor at the end of the process. Based upon this assumption, the final temperature of the
water and solid block is 212°F (The saturation temperature at 14.7 psia). The heat picked up by the block is

Quiock = MC(T, =T,) = (100 Ibm)(0.5 Btw/Ibm - R)(212 — 70)R = 7100 Btu

The water properties at the initial state are

P =147psia] N~ 212°F
« =1 h, =1150.3 Btu/Ibm (Table A-5E)
=

s; =1.7566 Btu/lbm-R

The heat released by the water is equal to the heat picked up by the block. Also noting that the pressure of water remains
constant, the enthalpy of water at the end of the heat exchange process is determined from

Quaer 11503 Bwtbm - 220 BY _ 4403 Brwibm

m,, 10 Ibm

hy, =h, -

The state of water at the final state is saturated mixture. Thus, our initial assumption was correct. The properties of water at
the final state are

hy —h¢  4403-180.16
hyg 970.12
Sy =S¢ +X;S 1 =0.31215+(0.2682)(1.44441) = 0.69947 Btu/Ibm - R

=0.2682

P, =14.7 psia Xy =
h, =440.3 Btu/lbm

The entropy change of the water is then

AS e =My (S, — ;) = (10 Ibm)(0.69947 —1.7566)Btw/Ibm = —10.57 Btu/R

water

(b) The entropy change of the block is

T
ASyoee = MCIn~2 = (100 Tbm)(0.5 Btw/Ibm - Ryln A2 40OR _ 11 67 Brur

T (70+460)R

(c) The total entropy change is

AStOtal = Sgen = AS +ASblOCk = _10.57+1 1.87 = 1.30 BtU/R

water

The positive result for the total entropy change (i.e., entropy generation) indicates that this process is possible.
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7-139
7-186 Air is compressed in a piston-cylinder device. It is to be determined if this process is possible.

Assumptions 1 Changes in the kinetic and potential energies are negligible. 4 Air is an ideal gas with constant specific
heats. 3 The compression process is reversible.

Properties The properties of air at room temperature are R = 0.287 kPa-m’/kg K, Cp = 1.005 kJ/kg-K (Table A-2a).

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

Ein - Eout = AEsystem
[ —
Net energy transfer Change in internal, kinetic, l
by heat, work, and mass potential, etc. energies
Wb,in _Qout =AU = m(u2 - ul)
Wy in = Qoue =MC, (T, =T) Air LT Heat
. 100 kPa
Wb,in - Qout =0 (SII’ICC T2 = Tl ) 27°C
Qout = Wb,in
The work input for this isothermal, reversible process is

250 kPa

P
w,, = RT In—2 = (0.287 kJ/kg-K)(300 K)In —=78.89kl/kg

P 100 kP

That is,
Qout = Wi, =78.89 kl/kg

The entropy change of air during this isothermal process is

P P
—2 = _RIn—*=—(0.287 kl/kg- K)lnfg(())% =-0.2630kJ/kg-K

T
As, =C,In—=-Rln o

1 1 1
The entropy change of the reservoir is

Qe _ 78.89kl/kg

Asg =R =
A 300K

=0.2630kJ/kg-K

Note that the sign of heat transfer is taken with respect to the reservoir. The total entropy change (i.e., entropy generation)
is the sum of the entropy changes of air and the reservoir:

ASyia1 = AS,i +ASg =-0.2630+0.2630 = 0kJ/kg -K

air

Not only this process is possible but also completely reversible.
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7-187 A paddle wheel does work on the water contained in a rigid tank. For a zero entropy change of water, the final
pressure in the tank, the amount of heat transfer between the tank and the surroundings, and the entropy generation during

the process are to be determined.

Assumptions The tank is stationary and the kinetic and potential energy changes are negligible.

Analysis (a) Using saturated liquid properties for the compressed liquid at the initial state (Table A-4)

T, =140°C u, =588.76 kl/kg
X, =0(sat.liq.)| s, =1.7392 kl/kg. K
The entropy change of water is zero, and thus at the final state we have

T, =80°C P, =47.4kPa
s, =s, =1.7392 kl/kg K [ u, =552.93 kl/kg

(b) The heat transfer can be determined from an energy balance on the tank

Water
140°C
400 kPa

> ]

Wow

Quout =Wpyein —M(U, —Uy) = 48kJ — (3.2 kg)(552.93 — 588.76)kJ/kg = 163 kJ

(c) Since the entropy change of water is zero, the entropy generation is only due to the entropy increase of the surroundings,

which is determined from

Q 163kJ
Sgen = ASsurr =—%=
T (15+273)K

surr

=0.565kJ/K
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7-141

7-188 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, c, =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, C,=5.1926 kJ/kg K, ¢,=3.1156 kl/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
k=1)/k _ —
. . & (k=1)/ 20+ 273K 120 kPa (1.667-1)/1.667 ~—> . 12\]2 . OII{T(
S ) 95 kPa cm e
=321.7K

(b) The initial and final volumes of the helium are

mMRT,  (0.1kg)(2.0769 kPa-m?/kg-K)(20+273 K
Uy = RT1_ (0-TkeX a-m /kg-K)R0+273K) _ ) 6406m?
: P 95kPa

. _MRT, _ (0.1kg)(2:0769 kPa-m’/kg-K)(321.7K)
fe2 ™ p) 120 kPa

=0.5568m’

Then, the final volume of nitrogen becomes
Vi = Vot +Viier —Viges = 0.2+0.6406 —0.5568 =0.2838 m*®

(c) The mass and final temperature of nitrogen are

PV, kPa)(0.2m>

My, = 20— ©5 ;‘)(O m”) ~0.2185 kg
RT,  (0.2968 kPa-m?/kg-K)(20+273 K)
P,V. . 3

L (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, +AU,
= [me, (T, =Ty, +[me, T =Tl
=(0.2185kg)(0.743 kJ/kg.K)(525.1-293) + (0.1kg)(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- R 1n32]+&
1 1 R

525.1K ) 5068 ki/kg.K)ln 122 kPa}L —46.6kJ
293K 95kPa | (500+273)K

=(0.2185 kg)[(l 039 kJ/kg.K)In

=0.057 kJ/K
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7-189 An electric resistance heater is doing work on carbon dioxide contained an a rigid tank. The final temperature in the
tank, the amount of heat transfer, and the entropy generation are to be determined.

Assumptions 1 Kinetic and potential energy changes are negligible. 2 Carbon dioxide is ideal gas with constant specific
heats at room temperature.

Properties The properties of CO, at an anticipated average temperature of 350 K are R = 0.1889 kPa.m’/kg.K, Cp = 0.895
kJ/kg. K, ¢, = 0.706 kJ/kg.K (Table A-2b).

Analysis (a) The mass and the final temperature of CO, may be

determined from ideal gas equation
CO,
PV 8m’ W,
L (100kPa)3(08m ) 1,694 kg 250 K
RT,  (0.1889 kPa-m?>/kg-K)(250 K) 100 kPa
P,V 175kPa)(0.8 m’
T, =2 = (175 kPa)(0.8 m") ~437.5K

MR (1.694 ke)(0.1889 kPa-m°/kg -K)

(b) The amount of heat transfer may be determined from an energy balance on the system

Qout = E'e,inAt —mc, (TZ _Tl)
=(0.5KW)(40 x 60's) - (1.694 kg)(0.706 kJ/kg K)(437.5 - 250)K = 975.8 kJ

(c) The entropy generation associated with this process may be obtained by calculating total entropy change, which is the
sum of the entropy changes of CO, and the surroundings

T P
Sgen = AScon +AS gy = m(cp 1nT_2_ Rmﬁ}ﬁ
1 1

surr

—(0.1889 kJ/kg.K)In
( eK) 300K

— (1,694 kg)| (0.895 k)/kg K)in 222K 175kPa | 975.8kJ
250K 100 kPa

=3.92kJ/K
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7-143

7-190 Heat is lost from the helium as it is throttled in a throttling valve. The exit pressure and temperature of helium and the
entropy generation are to be determined.

Assumptions 1 Steady operating conditions exist. 2 Kinetic and potential energy changes are negligible. 3 Helium is an
ideal gas with constant specific heats.

Properties The properties of helium are R = 2.0769 kPa.m’/kg.K, Cp= / q
5.1926 kJ/kg K (Table A-2a). Helium

Analysis (a) The final temperature of helium may be determined from an
energy balance on the control volume

Qout _ o 1-75KI/kg

——————=322.7K =49.7°C
5.1926 kl/kg.°C

Qo =Cp (T, —Ty)——T, =T, -
p

The final pressure may be determined from the relation for the entropy change of helium

T P
Asy, =C, 1nT—2— Rlan
1 1

. P
0.25 kI/kg.K = (5.1926 kJ/kg.K)In 222K _ (2 0769 ki/kg K)ln—2
323K 300 kPa

P, =265 kPa

(b) The entropy generation associated with this process may be obtained by adding the entropy change of helium as it flows
in the valve and the entropy change of the surroundings

1.75kI/kg

Soen = ASy, + AS
gen T T He (25+273)K

— Asy, + ?—‘ ~025kI/kg K +

surr

=0.256 kJ/kg.K

surr
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7-144

7-191 Refrigerant-134a is compressed in a compressor. The rate of heat loss from the compressor, the exit temperature of
R-134a, and the rate of entropy generation are to be determined.

Assumptions 1 Steady operating conditions exist. 2 Kinetic and potential energy changes are negligible.

Analysis (a) The properties of R-134a at the inlet of the compressor are (Table A-12)

P, =200kPa
X; =1

h, =244.46 k/kg Q  700kPa

} v, =0.09987 m*/kg
s, =0.93773 kl/kg K

The mass flow rate of the refrigerant is Compressor

Vi 003m’ss

=—=——"———=0.3004kg/s
v 0.09987 m’/kg R-134a
200 kPa
Given the entropy increase of the surroundings, the heat lost from the sat. vap.

compressor is

AS — Qout Q

surr T out
surr

= ToeAS o = (20 +273K)(0.008 KW/K) = 2.344 kW

(b) An energy balance on the compressor gives
Win - Qout = m(h2 - hl)
10 kW -2.344 kW = (0.3004 kg/s)(h, - 244.46) kJ/kg —— h, =269.94 kl/kg

The exit state is now fixed. Then,
P, =700 kPa T, =31.5°C
h, =269.94kl/kg| s, =0.93620 kJ/kg.K

(c) The entropy generation associated with this process may be obtained by adding the entropy change of R-134a as it flows
in the compressor and the entropy change of the surroundings

S.gen = ASR + AS.surr = m(52 - Sl) + AS.surr

= (0.3004 kg/s)(0.93620 - 0.93773) ki/kg.K + 0.008 kW/K
=0.00754 kJ/K
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7-145

7-192 Air flows in an adiabatic nozzle. The isentropic efficiency, the exit velocity, and the entropy generation are to be
determined.

Properties The gas constant of air is R = 0.287 kJ/kg.K (Table A-1).

Assumptions 1 Steady operating conditions exist. 2 Potential energy changes are negligible.

Analysis (a) (b) Using variable specific heats, the properties can be determined from air table as follows
h, = 400.98 kJ/kg

T, =400 K —> s =1.99194 kJ/kg.K i \
P, =3.806

500 kPa 300 kPa
h, =350.49 kl/kg 400K T 350 K
T, =350K —>

s =1.85708 kl/kg.K 30 m/S/
P _ 300kPa

P,=—=P, = 3.806)=2.2836——h,. =346.31kJ/k
r2 R rl 500 kPa ( ) s g

Energy balances on the control volume for the actual and isentropic processes give

2 2
hl +VL = h2 +V_2
2 2
2 2
40098 kg + 20 ( Llkg 2):350.49kJ/kg+V_2( kg 2)
2 1000 m~/s 2 L1000 m?/s
V, =319.1m/s
V2 V.2
h +L =h +£
1 B s 2
2 2
40098 kijkg + 20 ( Llkg 2):346.31kJ/kg+V£( ki/kg 2]
2 1000 m~/s 2 {1000 m?/s
V,, =331.8m/s

The isentropic efficiency is determined from its definition,

_ V8 (319.1ms)°

=— —=0.925
V5 (331.8m/s)

N

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

P
Sgen = ASair = Sg _310 -R 1n—2
1
— (1.85708-1.99194)k)/ke K — (0.287 kJ/kg K)ln 00 KPa
500 kPa

=0.0118 kJ/kg.K
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7-146

7-193 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),

Y =Vg@ssokpa =0.52422 m’/kg

:;t:/j\zgrkpa } Up =Ugg3sokpa = 2548.5 kl/kg
S| =Sg@3asokpa = 0.9402 kl/kg-K
Toa :Tsat@zoo wpa =120.2°C
P2 =200 kPa XZAzsz’A_Sf :69402_15302:09666
2t ’ Stq 5.5968

(satmixture) | vya =v¢ + Xy avgg =0.001061+(0.9666)(0.88578 — 0.001061) = 0.85626 m*/kg
Uy =Ugs +Xy AUy = 504.50 +(0.9666)(2024.6 k)/kg) = 2461.5 ki/kg

The initial and the final masses are

Ve,  02m’
via  0.52422 m’/kg Sat

Va 02m’ vapor
= =0.2336 kg
voa 085626 m*/kg 333 1r<r11’3a 200 kPa

m, , = =0.3815 kg

My a =

(b) The boundary work done during this process is ;

2
W out = J.l PdV =Py (Vz,B _0): Pem, vy

Taking the contents of both the tank and the cylinder to be
the system, the energy balance for this closed system can be
expressed as

E,-E AE

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

~Wpout =AU = (AU )A + (AU )B

in out system

Wy out + (AU )A + (AU )B =
or, Psm, gv, 5 + (mzuz —my; )A + (mzuz =0
M, ghy g +(Myu, —myu; ), =0
Thus,

e = (myuy —m,u,), _(0.3815)(2548.5)— (0.2336)(2461.5) _ 2685.8 kl/ke
’ M, g 0.1479

At 200 kPa, hy=504.71 and hy = 2706.3 kJ/kg. Thus at the final state, the cylinder will contain a saturated liquid-vapor
mixture since hy < h, < hg. Therefore,

Tz,B = Tsat@ZOO pa =120.25°C
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7-147

7-194 Helium gas is compressed in an adiabatic closed system with an isentropic efficiency of 80%. The work input and the
final temperature are to be determined.

Assumptions 1 Kinetic and potential energy changes are negligible. 3 The device is adiabatic and thus heat transfer is
negligible. 4 Helium is an ideal gas.

Properties The properties of helium are ¢, = 3.1156 kJ/kg'K and k = 1.667 (Table A-2b).

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

E, -E = AE

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

W;, =AU =m(u, —u,)=mc, (T, —-T;)

The isentropic exit temperature is Helium
100 kPa
(k-1)/k 0.667/1.667 270
P 900 kP
T,  =T,| 2 = (300 K)| ————2 =722.7K
P, 100 kPa

The work input during isentropic process would be
Wi =me, (T, = T;) =3 kg)(3.1156 kl/kg - K)(722.7 - 300)K = 3950 kJ
The work input during the actual process is

Ws’in _ 3950 kJ
n

W. =

mn

=4938kJ
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7-148

7-195 R-134a undergoes a reversible, isothermal expansion in a steady-flow process. The power produced and the rate of
heat transfer are to be determined.

Analysis We take the steady-flow device as the system, which is a control volume since mass crosses the boundary. Noting
that one fluid stream enters and leaves the turbine, the energy balance for this steady-flow system can be expressed in the

rate form as
: : _ - &0 (steady) _
Ein - Eout - AEsystem =0
— [N — T
Rate of net energy transfer  Rate of change in internal, kinetic,
by heat, work, and mass potential, etc. energies
Ein = Eout 1 2
Q,, +mh, =W_, +mh, (since Ake = Ape = 0) —>—
Qin Wy = m(h2 - hl)
The initial and final state properties are (Table A-13) S

P, =600kPa | h, =339.47 ki/kg
T,=100°C s, =1.1536kl/kg-K

P, =200kPa | h, =343.60 kl/kg
T,=100°C |s, =12512kl/kg-K

Applying the entropy definition to an isothermal process gives
2
Qin = mJ-Tds =mT (s, — ;) =(1kg/s)(100 + 273 K)(1.2512 —1.1536) =36.42 kW
1

Substituting into energy balance equation,

W, =Q,, —m(h, —h)=(36.42kW)— (1 kg/s)(343.60 — 339.47) kl/kg = 32.3 kW
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7-196 The claim of an inventor that an adiabatic steady-flow device produces a specified amount of power is to be
evaluated.

Assumptions 1 Kinetic and potential energy changes are negligible. 3 The device is adiabatic and thus heat transfer is
negligible. 4 Air is an ideal gas with constant specific heats.

Properties The properties of air at the anticipated average temperature of 400 K are ¢, = 1.013 kJ/kg'K and k = 1.395
(Table A-2b).

Analysis Analysis We take the steady-flow device as the system, which is P, =900 kPa
a control volume since mass crosses the boundary. Noting that one fluid T, =300°C
stream enters and leaves the turbine, the energy balance for this steady-

flow system can be expressed in the rate form as

E.in - E.out = AE.Systeméyo (steady) =0 .
Rate of net energy transfer  Rate of change in internal, kinetic,
by heat, work, and mass potential, etc. energies
Ein = Eoul
mh, =W, +mh, (since Q = Ake = Ape = 0) P,=100 kPa
W,y =mi(h; —hy)=me, (T, -T,) .
The adiabatic device would produce the maximum power if the process is
isentropic. The isentropic exit temperature is 0.9 MPa
(k=1)/k 0.395/1.395
P 100 kP
T, =T)| = =(573K) — =307.6K
P, 900 kPa 0.1 MPa ¢

The maximum power this device can produce is then

W, gy =MC , (T) = Tog) = (L kg/s)(1.013 kI/kg - K)(573 — 307.6)K = 269 kW

This is greater than the power claim of the inventor, and thus the claim is valid.
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7-197 A gas is adiabatically expanded in a piston-cylinder device with a specified isentropic efficiency. It is to be
determined if air or neon will produce more work.

Assumptions 1 Kinetic and potential energy changes are negligible. 3 The device is adiabatic and thus heat transfer is
negligible. 4 Air and helium are ideal gases.

Properties The properties of air at room temperature are ¢, = 0.718 kJ/kg'K and k = 1.4. The properties of neon at room
temperature are ¢, = 0.6179 kJ/kg-K and k = 1.667 (Table A-2a).

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

Ein - Eout = AEsystem
Net energy transfer Change in internal, kinetic,
by heat, work, and mass potential, etc. energies
_Wout =AU = m(UZ - ul) = va(TZ _Tl)
Wout =mc, (Tl - T2) Air
. L . 3 MPa
The isentropic exit temperature is 300°C
(k=1)/k 0.4/1.4
P 80 kP
Tys =T)| = — (3004273 K)| ———— =203.4K
P 3000 kPa

The work output during the actual process is
w,, =nc, (T, = T,s) =(0.90)(0.718 kJ/kg - K)(573 — 203.4)K =239 kJ/kg

Repeating the same calculations for neon,

(k=1)/K
P 80 kP
T =T, (_25 J — (300+273 K)(—a
P, 3000 kPa

0.667/1.667
J =1344K

Wy, =7, (T, = The) = (0.80)(0.6179 kI/kg - K)(573 — 134.4)K = 217 kJ/kg

Air will produce more work.
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7-198 Refrigerant-134a is expanded adiabatically in a capillary tube. The rate of entropy generation is to be determined.
Assumptions 1 Steady operating conditions exist. 2 Kinetic and potential energy changes are negligible.

Analysis The rate of entropy generation within the expansion device during this process can be determined by applying the
rate form of the entropy balance on the system. Noting that the system is adiabatic and thus there is no heat transfer, the
entropy balance for this steady-flow system can be expressed as

3 : 3 _AG &0 (steady)
Sin - Sout + Sgen - ASsystem
— — [N — .
Rate of net entropy transfer ~ Rate of entropy Rate of change R-134a Capillary tube
by heat and mass generation of entropy °
) 50°C —12°C
;S —MyS; + Sgep =0 sat. liq.

S'gen = m(SZ - Sl)

gen

It may be easily shown with an energy balance that the enthalpy remains constant during the throttling process. The
properties of the refrigerant at the inlet and exit states are (Tables A-11 through A-13)

T, =50°C | h, =123.50kl/kg-K
X, =0 s, =0.44193kl/kg K

h, —h _

'l'2 =-12°C } X2 _ Zh f _ 1232587 338592
= = . fg :

hy =hy =123.50k0ke-K ] o %, 1 = 0.14504+(0.4223)(0.79406) = 0.48038 kJ/kg - K

=0.4223

Substituting,

Sgen =M(S; —8;) = (0.2 kg/s)(0.48038 — 0.44193) kJ/kg - K = 0.00769 kW/K
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7-199 Air is compressed steadily by a compressor from a specified state to a specified pressure. The minimum power input
required is to be determined for the cases of adiabatic and isothermal operation.

Assumptions 1 This is a steady-flow process since there is no change with time. 2 Kinetic and potential energy changes are
negligible. 3 Air is an ideal gas with variable specific heats. 4 The process is reversible since the work input to the
compressor will be minimum when the compression process is reversible.

Properties The gas constant of air is R = 0.287 kJ/kg.K (Table A-1).

Analysis (a) For the adiabatic case, the process will be reversible and adiabatic (i.e., isentropic), thus the isentropic
relations are applicable.

T, =290 K ——P, =1.2311 and h, =290.16 kl/kg 2 2
and
T, =503.3K
P. :ipr :w(1.23ll):8.6177 > 3 —3
> p " 100 kPa h, = 506.45 kl/kg

The energy balance for the compressor, which is a steady-flow system, can be
expressed in the rate form as

1 1
. - _ - &0 (steady) _
Ein - Eout - AEsystem =0
%/—J
Rate of net energy transfer  Rate of change in internal, kinetic,
by heat, work, and mass potential, etc. energies
E.=E

n out

Wi, +mh; =mh, — W, =m(h, —h))
Substituting, the power input to the compressor is determined to be
W, = (5/60 kg/s)(506.45—290.16)kJ/kg = 18.0 kW
(b) In the case of the reversible isothermal process, the steady-flow energy balance becomes

E.in = Eout - Win + mhl _Qout = mh2 - Win = Qout + m(hZ - hl)djo = .out

since h = h(T) for ideal gases, and thus the enthalpy change in this case is zero. Also, for a reversible isothermal process,

Qout = rhT(Sl - SZ) =-mT (52 - Sl)
where
700 kPa

P R o (0287 kikg k) T2KP2 _ g 5585 kiike - K

0
s,-5,=1s5-5) —RIn
2 (2 1)& P R 100 kPa

Substituting, the power input for the reversible isothermal case becomes

W, = —(5/60 kg/s)(290 K)(=0.5585 kl/kg - K) = 13.5 KW
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7-200 Air is compressed in a two-stage ideal compressor with intercooling. For a specified mass flow rate of air, the power
input to the compressor is to be determined, and it is to be compared to the power input to a single-stage compressor.

Assumptions 1 The compressor operates steadily. 2 Kinetic and potential energies are negligible. 3 The compression
process is reversible adiabatic, and thus isentropic. 4 Air is an ideal gas with constant specific heats at room temperature.

Properties The gas constant of air is R = 0.287 kPa.m’/kg.K (Table A-1). The specific heat ratio of air is k = 1.4 (Table A-

2).
Analysis The intermediate pressure between the two stages is
P, =[PP, =4/(100 kPa)(625 kPa) = 250 kPa 1(;(;3(}; : 625 kPa
The compressor work across each stage is the same, thus total \| | \‘ ‘
compressor work is twice the compression work for a single k‘\
stage: W o Stage I Stage | I)
Wi = Cempins )= 27 (P /R 1)
_, (14)0.287 k/kg K300 K) (( 250 kPa ]0"“ s 1} ’ |
14-1 100 kPa
=180.4 kl/kg Hoat
and
Wi, = MW, in = (0.15 ke/s (180.4 ki/kg)=27.1kW

The work input to a single-stage compressor operating between the same pressure limits would be

0.4/1.4
_ kRT, ((Pz Jp, Yk 1): (1.4)0.287 kJ/kg - K )300 K)([ 625 kPaJ ~ 1] 2074 klikg

compidn =y 1.4-1 100 kPa

and

Wiy = MWeopmin = (0.15 kg/s)207.4 ki/kg)=31.1kW
Discussion Note that the power consumption of the compressor decreases significantly by using 2-stage compression with

intercooling.
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7-201 Steam expands in a 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 turbine is to be determined for the cases of 100% and 88% isentropic

efficiencies.

Assumptions 1 This is a steady-flow process since there is no 6 MPa

change with time. 2 Kinetic and potential energy changes are 500°C

negligible. 3 The turbine is adiabatic and thus heat transfer is

negligible. u/ .

Properties From the steam tables (Tables A-4 through 6) STEAM STEAM
13.5 kg/s

15 kg/s

P, =6 MPa | h; =3423.1 kl/kg . r I
T, =500°C | s, =6.8826 kJ/kg-K l \Vl\
1.2 MPa

P, =12 MPa

h, = 2962.8 kI /kg
S, =S; 90%
0,
S;—S _ 6.8826—0.8320 10%

o 7.0752
hy =h¢ +Xshyy =251.42+(0.8552)(2357.5) = 2267.5 kl/kg

=0.8552

P, =20 kPa) X; =
33 :Sl

Analysis (a) The mass flow rate through the second stage is
s =0.9m, =(0.9)15 kg/s)=13.5 kg/s

20 kPa

We take the entire turbine, including the connection part between the two stages, as the system, which is a control volume
since mass crosses the boundary. Noting that one fluid stream enters the turbine and two fluid streams leave, the energy

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

. - . &0 (steady) _
Ein - Eout AEsystem =0
%,—/
Rate of net energy transfer  Rate of change in internal, kinetic,
by heat, work, and mass potential, etc. energies
Ein = Eout

myhy = (M, —my)h, + W, +mshs
Wout = riyhy — (My —my)h, —mshy
=m;(h —hy)+ms(h, —hy)
Substituting, the power output of the turbine is
W, = (15 kg/s)3423.1-2962.8)kJ/kg + (13.5 kg )(2962.8 — 2267.5)kJ/kg = 16,291 kW

(b) If the turbine has an isentropic efficiency of 88%, then the power output becomes

W, = 7;W, = (0.88)16,291 kW)= 14,336 kW
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7-202 Steam expands in an 84% efficient two-stage adiabatic turbine from a specified state to a specified pressure. Steam is
reheated between the stages. For a given power output, the mass flow rate of steam through the turbine is 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 The turbine is adiabatic and thus heat transfer is negligible.

Heat

Properties From the steam tables (Tables A-4 through 6)
P, =8 MPa }hl =3521.8 kl/kg

T, =550°C s, =6.8800 ki/kg - K
P,s =2 MPa

hy, =3089.7 ki/kg
S2s =9 Stage 1 Stagell [ 380 MW
P, =2 MPa | hy =3579.0 kl/kg r
T, =550°C [ s, =7.5725 kl/kg- K ‘ ,\ \‘\H\
P, =200 kPa 8 MPa 200 kPa

hye =2901.7 ki/kg 550°C

S4s =83

Analysis The power output of the actual turbine is given to be 80 MW. Then the power output for the isentropic operation
becomes

V\'/s’oth =W, ou /777 = (80,000 kW)/0.84 = 95,240 kW
We take the entire turbine, excluding the reheat section, as the system, which is a control volume since mass crosses the

boundary. The energy balance for this steady-flow system in isentropic operation can be expressed in the rate form as

J0 (steady)

Ein - Eout = AEsystem =0
\—ﬂ/_—/
Rate of net energy transfer Rate of change in internal, kinetic,
by heat, work, and mass potential, etc. energies
Ein = Eout

mh, +mh; = mh,, +mh,g +W,

Ws,out = m[(hl - hZS ) + (h3 - h4s )]

Substituting,
95,240kJ/s = rh[(3521.8 —3089.7)kJ/kg +(3579.0 - 2901.7)kJ/kg]

which gives
m =85.8kg/s
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7-203 Refrigerant-134a is compressed by a 1.3-kW adiabatic compressor from a specified state to another specified state.
The isentropic efficiency, the volume flow rate at the inlet, and the maximum flow rate at the compressor inlet 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 The device is adiabatic and thus heat transfer is negligible.

Properties From the R-134a tables (Tables A-11 through A-13)

v, =0.19841 m* /kg

P, =100 kPa
h, =239.50 ki/kg
T, =-20°C
s, =0.9721 kl/kg - K
P, =800 kPa
h, =296.81 ki/kg
T, =60°C
P, =800 kPa
hys =284.07 ki/kg
Sys =5 1

Analysis (a) The isentropic efficiency is determined from its definition,

hys —h,  284.07 —239.50

= =0.778=77.8%
hy, —h,  296.81-239.50

Tlc =

(b) There is only one inlet and one exit, and thus m; = m, =m. We take the actual compressor as the system, which is a

control volume. The energy balance for this steady-flow system can be expressed as

- - _ . J0 (steady) _
Ein - Eout - AEsystem =0
—_ \ E—
Rate of net energy transfer  Rate of change in internal, kinetic,
by heat, work, and mass potential, etc. energies
E.=E

n out

W, ;, +mh =mh, (since Q = Ake = Ape = 0)

Wa,in = m(hz - h1)

Then the mass and volume flow rates of the refrigerant are determined to be
W 1.3 kJ/s

hya = (296.81-239.50)kJ/kg

v, =mv, =(0.02269 kg/s)(o.19841 m3/kg)= 0.004502 m*/s =270 L/min

M= =0.02269 kg/s

(c) The volume flow rate will be a maximum when the process is isentropic, and it is determined similarly from the steady-
flow energy equation applied to the isentropic process. It gives

W, 1.3 kJ/s
X hyg —hy (284.07 - 239.50)k)/kg
Vi max = Minaxv1 = (0.02917 kg/s)(0.19841 m3ﬂ<g)= 0.005788 m’/s = 347 L/min

M =0.02917 kg/s

Discussion Note that the raising the isentropic efficiency of the compressor to 100% would increase the volumetric flow
rate by more than 25%.
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7-204 An adiabatic compressor is powered by a direct-coupled steam turbine, which also drives a generator. The net
power delivered to the generator 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 The devices are adiabatic and thus heat transfer is negligible. 4 Air is an ideal gas with variable specific heats.

Properties The gas constant of air is R = 0.287 kJ/kg.K (Table A-1). From the steam tables (Tables A-4 through 6) and air
table (Table A-17),

. 12.5 MPa
T, =295 K —> h, =295.17 kl/kg, s; = 1.68515 kl/kg-K | MPa 500°C
T, =620 K —> h, = 628.07 kl/kg, s; = 2.44356 kl/kg-K 620 K
P, =12.5 MPa | hy =3343.6 kl/kg Air Steam
T; =500°C sy =06.4651kl/kg-K comp turbine
P, =10kPa | Ny =h; +Xhgy =191.81+(0.92)2392.1) = 2392.5 ki/kg
X, =0.92 Sy =S¢ + XS = 0.6492 +(0.92)(7.4996) = 7.5489 kl/kg - K
98 kPa
Analysis There is only one inlet and one exit for either device, and thus 295K

m,, =My, =m . We take either the turbine or the compressor as the system, 10 kPa

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

. . _ . J0 (steady) _ I =
Ein - Eout - AEsystem =0—> Ein - Eout
— %,—/
Rate of net energy transfer  Rate of change in internal, kinetic,
by heat, work, and mass potential, etc. energies

For the turbine and the compressor it becomes

Compressor: V\’/wm,in + g hy =my.h, —>Wcomp,m =M. (h, —h))
Turbine: MyeamDs =Woarb. out + MetamMs = Waarb. ot = Megeam (N5 — )
Substituting,

Weomp.in = (10 kg/s}628.07 — 295.17)kI/kg = 3329 kW

Wi = (25 kg/s)(3343.6 - 2392.5)kI/kg = 23,777 kW
Therefore,

Woetout =Wirbout = Weompin = 23,777 — 3329 = 20,448 kW

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

Sgen = mair(SZ - Sl) + msteam(s4 - SS)
where

MJkJ/kg -K=0.92 kW/K

: (o o P
My (S =8, )= m(sz —s; —RIn F?] =(10 kg/s{2.44356—1.68515 —0.287In 98 s

Myeam (54 — 53 )= (25 kg/s)(7.5489 — 6.4651 )kI/kg - K = 27.1 kKW/K
Substituting, the total rate of entropy generation is determined to be
S + Sygenurp = 0.92+27.1 = 28.02 KW/K

gen, total — S gen,comp
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EE
7-205 E Problem 7-204 is reconsidered. The isentropic efficiencies for the compressor and turbine are to be
determined, and then the effect of varying the compressor efficiency over the range 0.6 to 0.8 and the turbine efficiency
over the range 0.7 to 0.95 on the net work for the cycle and the entropy generated for the process is to be investigated. The
net work is to be plotted as a function of the compressor efficiency for turbine efficiencies of 0.7, 0.8, and 0.9.

Analysis The problem is solved using EES, and the results are tabulated and plotted below.

"Input Data"

m_dot_air = 10 [kg/s] "air compressor (air) data"

T_air[1]=(295-273) "[C]" "We will input temperature in C"

P_air[1]=98 [kPa]

T_air[2]=(700-273) "[C]"

P_air[2]=1000 [kPa]

m_dot_st=25 [kg/s] "steam turbine (st) data"

T_st[1]=500 [C]

P_st[1]=12500 [kPa]

P_st[2]=10 [kPa]

x_st[2]=0.92 "quality"

"Compressor Analysis:"

"Conservation of mass for the compressor m_dot_air_in = m_dot_air_out =m_dot_air"
"Conservation of energy for the compressor is:"

E_dot_comp_in - E_dot_comp_out = DELTAE_dot_comp
DELTAE_dot_comp=0 "Steady flow requirement"
E_dot_comp_in=m_dot_air*(enthalpy(air,T=T_air[1])) + W_dot_comp_in
E_dot_comp_out=m_dot_air*(enthalpy(air,T=T_air[2]))

"Compressor adiabatic efficiency:"
Eta_comp=W_dot_comp_in_isen/W_dot_comp_in
W_dot_comp_in_isen=m_dot_air*(enthalpy(air,T=T_air_isen[2])-enthalpy(air,T=T_air[1]))
s_air[1]=entropy(air, T=T_air[1],P=P_air[1])

s_air[2]=entropy(air, T=T_air[2],P=P_air[2])

s_air_isen[2]=entropy(air, T=T_air_isen[2],P=P_air[2])
s_air_isen[2]=s_air[1]

"Turbine Analysis:"

"Conservation of mass for the turbine m_dot_st_in = m_dot_st_out =m_dot_st"
"Conservation of energy for the turbine is:"

E_dot_turb_in - E_dot_turb_out = DELTAE_dot_turb

DELTAE_dot_turb=0 "Steady flow requirement"
E_dot_turb_in=m_dot_st*h_st[1]

h_st[1]=enthalpy(steam,T=T_st[1], P=P_st[1])
E_dot_turb_out=m_dot_st*h_st[2]+W_dot_turb_out
h_st[2]=enthalpy(steam,P=P_st[2], x=x_st[2])

"Turbine adiabatic efficiency:"
Eta_turb=W_dot_turb_out/W_dot_turb_out_isen
W_dot_turb_out_isen=m_dot_st*(h_st[1]-h_st_isen[2])
s_st[1]=entropy(steam, T=T_st[1],P=P_st[1])

h_st_isen[2]=enthalpy(steam, P=P_st[2],s=s_st[1])

"Note: When Eta_turb is specified as an independent variable in

the Parametric Table, the iteration process may put the steam state 2 in the
superheat region, where the quality is undefined. Thus, s_st[2], T_st[2] are
calculated at P_st[2], h_st[2] and not P_st[2] and x_st[2]"
s_st[2]=entropy(steam,P=P_st[2],h=h_st[2])
T_st[2]=temperature(steam,P=P_st[2], h=h_st[2])

s_st_isen[2]=s_st[1]

"Net work done by the process:"
W_dot_net=W_dot_turb_out-W_dot_comp_in

"Entropy generation:"

"Since both the compressor and turbine are adiabatic, and thus there is no heat transfer
to the surroundings, the entropy generation for the two steady flow devices becomes:"
S_dot_gen_comp=m_dot_air*( s_air[2]-s_air[1])
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7-159
S_dot_gen_turb=m_dot_st*(s_st[2]-s_st[1])

S_dot_gen_total=S_dot_gen_comp+S_dot_gen_turb

"To generate the data for Plot Window 1, Comment out the line ' T_air[2]=(700-273) C'
and select values for Eta_comp in the Parmetric Table, then press F3 to solve the table.
EES then solves for the unknown value of T_air[2] for each Eta_comp."

"To generate the data for Plot Window 2, Comment out the two lines ' x_st[2]=0.92 quality '
and ' h_st[2]=enthalpy(steam,P=P_st[2], x=x_st[2]) ' and select values for Eta_turb in the

Parmetric Table, then press F3 to solve the table. EES then solves for the h_st[2] for each
Eta_turb."

Whet Sgentotal Nturb MNcomp Whet Sgentotal MNturb MNcomp
[kW] [KW/K] [kW] [KW/K]
20124 27.59 0.75 | 0.6665 19105 30 0.7327 0.6
21745 22.51 0.8 0.6665 19462 29.51 0.7327 0.65
23365 17.44 0.85 | 0.6665 19768 29.07 | 0.7327 0.7
24985 12.36 0.9 | 0.6665 20033 28.67 | 0.7327 0.75
26606 7.281 0.95 | 0.6665 20265 28.32 | 0.7327 0.8

Effect of Compressor Efficiency on Net Work and Entropy Generated
20400 T T T T T T T 30.0

Nturp =0.7333

296 =
20000 X
g 2
= 292 =
3 ©
© 19600 S
'3 288 ¢
(@]
N

19200 8.4

0.60 0.65 0.70 0.75 0.80
1'l(:ompb

Effect of Turbine Efficiency on Net Work and Entropy Generated

T T T T T T T T T T T T 30
26000 Ncomp = 0.6665

25
X
1. =
i 24000 20 X
5 8
c 15 2
.; %"
22000 g
10 0

20000 1 1 1 1 1 1 1 1 1 1 1 1 1 5

0.75 078 081 084 087 090 0.93
NturbP
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7-206 The pressure in a hot water tank rises to 2 MPa, and the tank explodes. The explosion energy of the water is to be
determined, and expressed in terms of its TNT equivalence.

Assumptions 1 The expansion process during explosion is isentropic. 2 Kinetic and potential energy changes are negligible.
3 Heat transfer with the surroundings during explosion is negligible.

Properties The explosion energy of TNT is 3250 kJ/kg. From the steam tables (Tables A-4 through 6)
V) =Vi@ompa = 0.001177 m’/kg
}ul = Ut @2 mpa = 906.12 kl/kg
S| =St @2 mpa = 2-4467 kl/kg-K

P =2 MPa
sat. liquid

P, =100 kpa}uf =417.40, ug =2088.2 kl/kg

S, =S st =1.3028, s¢y =6.0562 kJ/kg-K

S;—S¢  2.4467-13028
54 6.0562

=0.1889

Xy =

9

Uy = Uy + XUy = 417.40+(0.1889)(2088.2) = 811.83 ki/kg

Analysis We idealize the water tank as a closed system that undergoes a reversible adiabatic 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

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

_Wb,out =AU = m(u2 - ul)
Eexp :Wb,out = m(ul _UZ)

where

v 0.080 m>
m=—

=————=6799kg
vi  0.001177 m’/kg

Substituting,
Eeyp =(67.99 kg)906.12 - 811.83)kJ/kg = 6410 kJ

which is equivalent to

6410 kJ

=% 1972 kg TNT
3250 ki/kg

TNT
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7-161

7-207 A 0.35-L canned drink explodes at a pressure of 1.2 MPa. The explosive energy of the drink is to be determined, and
expressed in terms of its TNT equivalence.

Assumptions 1 The expansion process during explosion is isentropic. 2 Kinetic and potential energy changes are negligible.
3 Heat transfer with the surroundings during explosion is negligible. 4 The drink can be treated as pure water.

Properties The explosion energy of TNT is 3250 kJ/kg. From the steam tables (Tables A-4 through 6)

Y| =Vi@i2 mpa = 0.001138 m*/kg

A =12Mpa }ul = Uy @12 e = 796.96 kI/kg
Comp. liquid :
S = St@iampa = 22159 kl/kg - K O
P, =100 kPa ] Uy = 417.40, Uy =2088.2 kl/kg
S, =5 }sf =1.3028, sg =6.0562 kJ/kg-K COLA
S, =S¢ 2.2159-1.3028 128
- =0.1508

X2:

Stq 6.0562

Uy =Ug + XoUgy =417.40 +(0.1508)(2088.2) = 732.26 ki/kg

Analysis We idealize the canned drink as a closed system that undergoes a reversible adiabatic process with negligible
changes in kinetic and potential energies. The work done during this idealized process represents the explosive energy of
the can, and is determined from the closed system energy balance to be

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

_Wb,out =AU = m(u2 - ul)

Eexp :Wb,out = m(ul - u2)
where

v 0.00035 m*
m=—=——"0  ~03074 kg
v, 0.001138 m>/kg

Substituting,
Eeyp =(0.3074 kg)(796.96 — 732.26)kJ/kg =19.9 kJ

which is equivalent to

19.9 kJ

=272 _ 000612 kg TNT
3250 k/kg

MrNT
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7-162

7-208 Air is expanded by an adiabatic turbine with an isentropic efficiency of 85%. The outlet temperature and the work
produced 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 The device is adiabatic and thus heat transfer is negligible. 4 Air is an ideal gas with constant specific heats.

Properties The properties of air at the anticipated average temperature of 400
K are ¢, = 1.013 kl/kg-°C and k = 1.395 (Table A-2a). P, =2.2 MPa

Analysis We take the turbine as the system, which is a control volume since T =300°C

mass crosses the boundary. Noting that one fluid stream enters and leaves the
turbine, the energy balance for this steady-flow system can be expressed in
the rate form as

- - _ - 0 (steady) _
Ein - Eout - AEsystem =0
Rate of net energy transfer  Rate of change in internal, kinetic,
by heat, work, and mass potential, etc. energies
Ein =Eou P,=200 kPa
mh; =W, ;. +mh,  (since Q = Ake = Ape = 0) T

Wa oue =M(hy —hy)= me, (T, = T,)
The isentropic exit temperature is

200 kPa
2200 kPa

=290.6K

P (k=1)/k
T, =T, (—2J =(300+273 K)(

0.395/1.395
Pl J

From the definition of the isentropic efficiency,

Wy ut = 117 W ou =77 Cp (T) = Tpg) = (0.85)(1.013 ki/kg - K)(573 — 290.6)K = 243.2 kJ/kg

The actual exit temperature is then

Wa ou Wa ou 243.2kl/k
Wa’out:Cp(Tl_TZa) _)TZa :Tl_ z’Ot :T1_2—0t=573K—m=333K
p p :
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7-163

7-209 Air is expanded by an adiabatic turbine with an isentropic efficiency of 85%. The outlet temperature, the work
produced, and the 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 The device is adiabatic and thus heat transfer is negligible. 4 Air is an ideal gas with constant specific heats.

Properties The properties of air at the anticipated average temperature of 400

K are ¢, = 1013 kJ/kg-°C and k = 1.395 (Table A-2b). Also, R = 0.287 ? ! fggoﬁdg a
kJ/kg-K (Table A-2a). e
Analysis We take the turbine as the system, which is a control volume since
mass crosses the boundary. Noting that one fluid stream enters and leaves the
turbine, the energy balance for this steady-flow system can be expressed in __d
the rate form as
- - - J0 (stead,
Ein - Eout = AEsystem (steady) =0
Rate of net energy transfer  Rate of change in internal, kinetic
by heat, work, and mass potentifl, etc. energi;s ' P,=200 kPa
Ein = Eout
mh, =W, ., + Mh, (since Q = Ake = Ape = 0)
. ’ T
W ou =My —hy)=mec, (T, -T,)
2 MPa

The isentropic exit temperature is

2200 kPa

P (k=1)/k
Ty =T, {f} =(300+ 273 K)(

0.395/1.395
MJ ~290.6 K
1

From the definition of the isentropic efficiency,
Wa out =17 Ws out =777 Cp (T —Tas) = (0.90)(1.013 kJ/kg - K)(573 — 290.6)K =257.5 kd/kg
The actual exit temperature is then

_257.5kI/kg
1.013kJ/kg - K

— _ Wa,out _ Wa,out _ _
Waou =Cp(Ty =Toa) —T5, =T) = =T, -———=573K =318.8K

Cp Cp

The rate of entropy generation in the turbine is determined by applying the rate form of the entropy balance on the turbine:

: 2 S _AQ &0 (steady)
S in Sout + Sgen =AS system
Rate of net entropy transfer ~ Rate of entropy Rate of change
by heat and mass generation of entropy

MyS; —MyS, + Sy, =0 (since Q=0)
S.gen = m(SZ - Sl)

Sgen =S5; -5

Then, from the entropy change relation of an ideal gas,

T2 P2
Sgen =52 —=S; =CpIn—=-Rln—
1 1

(1013 kI/kg - K)ln 283K _ 0287 1a/kg - Ky 200 KP2
573K 2200 kPa

=0.0944 kJ/kg -K
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7-164

7-210 A throotle valve is placed in the steam line of an adiabatic turbine. The work output is to be determined with and

without throttle valve cases.

Assumptions 1 This is a steady-flow process since there is no change with time. 2 Kinetic and potential energy changes are

negligible. 3 The device is adiabatic and thus heat transfer is negligible.

Analysis There is only one inlet and one exit, and thus m; =m, = m. We take the

actual 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

system

Ein _ E'Out _ AE J0 (steady) =0

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

Ein = Eout
mh, :V\./a’out +mh, (since Q =~ Ake = Ape = 0)
Wout =m(h; —h,)
When the valve is fully open, from the steam tables (Tables A-4 through A-6),
P, =6 MPa } h, =3178.3kJ/kg
T, =400°C | s, =6.5432kJ/kg-K
Py =70kPa }x3:0.8511
Sy =5, =6.5432kJ/kg - K| hy =2319.6 kJ/kg
Then,
Wy, =N, —h; =3178.3-2319.6 =858.6 kd/kg

6 MPa
400°C

Steam
turbine

70 kPa

The flow through the throttle valve is isenthalpic (constant entahlpy). When the valve is partially closed, from the steam

tables (Tables A-4 through A-6),

S, =6.8427kl/kg-K
h, =h, =3178.3kl/kg
P; =70kPa X; =0.8988
s, =5, =6.8427 k/kg - K[ hy =2428.4kl/kg

Then,
W, =h, —hy =3178.3 -2428.4=749.9 kd/kg
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7-165

7-211 Oxygen tanks are filled by an isentropic compressor. The work required by the compressor and the heat transfer from
the tanksa re to be determined.

Assumptions 1 Changes in the kinetic and potential energies are negligible. 4 Oxygen is an ideal gas with constant specific
heats.

Properties The properties of oxygen at room temperature are R = 0.2598 kPa-m*/kg-K, c, = 0.918 kJ/kg-K, ¢, = 0.658
kJ/kg-K, k=1.395 (Table A-2a).

Analysis As the tank is being filled, the pressure in the tank increases as time passes, but the temperature does not. In the
line between the compressor and tank, the pressure always matches that in the compressor, and as a result, the temperature
changes in this line with time. Applying the isentropic process relations to the compressor yields the temperature in this line

as
(k-1)/k

P

P

Reducing the mass balance to the conditions of the tank gives

dm_CV =m,
dt
but
PV
M =Ry

Combining these two results produces
_d(PV/RT) Vv dP
" dt  RT dt

where the last step incorporates the fact that the tank volume and temperature do not change as time passes. The mass in the
tank at the end of the compression is

_ PraV (13,000 kPa)(1m?)

final —

- =170.8kg
RT  (0.2598kPa-m?®/kg-K)(293K)

Adapting the first law to the tank produces

AW gy =T Z—T—cpszm

dt m '
k-1)/k
dm PJ( Yy dp

=c,T——-c¢,T,| — _—
Vodt P I(Pl RT dt

Q=

Integrating this result from the beginning of the compression to the end of compression yields

f . (k=1)/k y f

_ (k-1)/k

Q, _chjdm—cpTl(Flj ﬁjp dP
1 1

1 (k=1)/k v K
=¢,Tm; —c,T,| — | ——|p, & Vkp
v I(PIJ RT (2k—1j f f

(k-1)/k
Py k
:CVTmf _CpTl Fl m mf

13’()00 0.395/1.395 1.395
—(0.658)(293)(170.8)—(0.918)(293)( = j (m](no.g)

=-93,720kJ
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7-166
The negative sign indicates that heat is lost from the tank. Adopting the first law to the compressor and tank as the system
gives
: . d(mu)
Qin +Win = dt — Min hin

Recognizing that the enthalpy of the oxygen entering the compressor remains constant, this results integrates to

Qin + Wi, =m¢uy —hymy

or

W.

m

=—Qjp —M¢hy +meuy

=—Qip =M (¢, Ty —C,Ty)

=—Qj, —m; (c, —C )T

— 93,720~ (170.8)(0.918 — 0.658) x 293
=80,710kJ
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7-167

7-212 Two rigid tanks that contain water at different states are connected by a valve. The valve is opened and steam flows
from tank A to tank B until the pressure in tank A drops to a specified value. Tank B loses heat to the surroundings. The
final temperature in each tank and the entropy generated during this process are to be determined.

Assumptions 1 Tank A is insulated, and thus heat transfer is negligible. 2 The water that remains in tank A undergoes a
reversible adiabatic process. 3 The thermal energy stored in the tanks themselves is negligible. 4 The system is stationary
and thus kinetic and potential energy changes are negligible. 5 There are no work interactions.

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),

Tank A:

Via =V +X Vg =0.001084 +(0.6)0.46242 - 0.001084) = 0.27788 m* /kg
P, =400 kPa | MA O 7T
0k Upa =Us +XUg =604.22+(0.6)1948.9)=1773.6 ki/kg
b Sia =S¢ +XSg =1.7765+(0.6)(5.1191) = 4.8479 ki/kg-K

Ty.a = Tsa@200 kpa =120.2°C
Pl =200kPa ], _ S2,A~St _ 4.8479-1.5302
S, =5, ' Sty 5.59680
(sat. mixture) | v, , = vy +x, 40y =0.001061+(0.5928)0.8858 - 0.001061) = 0.52552 m* /kg
Uy =Ug + Xy AU gy =504.50+(0.5928)(2024.6 ki/kg)=1704.7 ki/kg

=0.5928

Tank B:
300 kJ
v, g =1.1989 m®/kg
P, =200 kPa | " 2
U g =2731.4klkg 7
T, =250°C ’ B
S, g =7.7100 kJ/kg-K
’ steam
The initial and the final masses in tank A are m=2kg
T=250°C
v 0.3m’
mp=—1= m3 =1.080 kg P =200 kPa
T via o 027788 m°/kg
and
% 0.3m’
My 4 = —2 o _05709kg

Via  0.52552m°/kg
Thus, 1.080 -0.5709 = 0.5091 kg of mass flows into tank B. Then,
m, g =M g +0.5091=2+0.5091=2.509 kg

The final specific volume of steam in tank B is determined from

Ve _(mu)s  (ke)1.1989 mke)
2,B — - =

=0.9558 m>/kg
m, myg 2.509 kg

We take the entire contents of both tanks as the system, which is a closed system. The energy balance for this stationary
closed system can be expressed as

Ein E out - AE system
e -
Net energy transfer Change in internal, kinetic,
by heat, work, and mass potential, etc. energies

~Q, =AU =(AU), +(AU)s (since W = KE = PE = 0)
—Qout = (mzuz —-mu )A +(m2u2 _mlul)B
Substituting,

~300 = {(0.5709)(1704.7)— (1.0801773.6)} + {2.509)u, 5 —(2)2731.4)}
U g = 2433.3 kl/kg
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Thus,

Vo5 =09558m’/kg| T, =116.1°C
U, =24333kl/kg | S28 =0.9156 ki/kg-K
(b) The total entropy generation during this process is determined by applying the entropy balance on an extended system

that includes both tanks and their immediate surroundings so that the boundary temperature of the extended system is the
temperature of the surroundings at all times. It gives

=AS

S in S out T S gen system
| —
Net entropy transfer Entropy Change
by heatandmass  generation  in entropy
Qout —
B +Sgen =AS, +ASy
b,surr

Rearranging and substituting, the total entropy generated during this process is determined to be

Sgen =ASp +ASg +ﬁ=(mzs2 —m;s; ), +(Mys, —mys, )g + Qout
b,surr bosurr
= {(0.5709)(4.8479)—(1.080)4.8479)} + {(2.509)6.9156)— (2)(7.7100)} + 32 (;(())lz

=0.498 kJ/K
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7-213 Heat is transferred steadily to boiling water in a pan through its bottom. The rate of entropy generation within the
bottom plate is to be determined.

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

Analysis 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 can be expressed as

. ' . . " / 104°C
Sin - Sout + Sgen =AS system =0

— | —

Rate of net entropy transfer ~ Rate of entropy ~ Rate of change
by heat and mass generation of entropy 500 W \

TQ¢ - Sout + Sgen,system =0 107
b,in b,out
500 W 500 W :
- =0 —» S =0.00351 W/K

gen,system

—
378 K 377K semvstem

Discussion Note that there is a small temperature drop across the bottom of the pan, and thus a small amount of entropy
generation.

7-214 An electric resistance heater is immersed in water. The time it will take for the electric heater to raise the water
temperature to a specified temperature and the entropy generated during this process are to be determined.

Assumptions 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.

Properties The specific heat of water at room temperature is ¢ =4.18 kJ/kg-°C (Table A-3).

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

Ein - Eout = AEsystem )
—_— - e
Net energy transfer Change in internal, kinetic,
by heat, work, and mass potential, etc. energies Water
We,in = (AU )Water 40 kg
We,in At = mc(TZ _Tl )Water
o Heater
Substituting,
‘8

(1200 J/s)At = (40 kg)(4180 J/kg-°C)(50 - 20)°C
Solving for At gives
At=4180s=69.7min=1.16 h

Again we take the water in the tank to be the system. Noting that no heat or mass crosses the boundaries of this system and
the energy and entropy contents of the heater are negligible, the entropy balance for it can be expressed as

S in Sout + S gen AS system
— —
Net entropy transfer Entropy Change
byheatandmass  generation  in entropy
O + Sgen = AS water

Therefore, the entropy generated during this process is

T 323K
=mcln—2==(40 kg)4.18 kJ/kg-K)In
T (40 kek g'K) 293 K

1

Soen =AS =16.3 kJ/IK

gen water
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7-215 The feedwater of a steam power plant is preheated using steam extracted from the turbine. The ratio of the mass flow
rates of the extracted steam to the feedwater and entropy generation per unit mass of feedwater 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 Heat loss from the device to the surroundings is negligible.

Properties The properties of steam and feedwater are (Tables A-4 through A-6)

P,=1MPa | h, =2828.3kJ/kg ©)
T, =200°C | s; =6.6956 kJ/kg-K Steam + | MPa
h, =h 762.51 kl/k o 200°C
P, =1MPa 2@ ; 138.1 Wk gK Lo Feedwater
S, =Stq =2. .
sat. liquid | 2 f@MPe & -0
T, =179.88°C 2.5
MPa
P,=25MPa| hy= hf@50°C =209.34 kl/kg /
T, =50°C S; = sf@50°C =0.7038 kJ/kg-K
(9 -
P, =2.5MPa hy, = hf@170°C =719.08 kJ/kg
T,=T,-10°C=170°C S4;Sf@1700c:2.0417 kl/kg-K +
Analysis (a) We take the heat exchanger as the system, which is a ©)
control volume. The mass and energy balances for this steady-flow sat. liquid

system can be expressed in the rate form as follows:

Mass balance (for each fluid stream):

20 (steady)

min _mout :Amsystem =0—> min =1 out n.’]l = m2 = ms and m3 = m4 = mfw

Energy balance (for the heat exchanger):

- . _ - 20 (steady) _
Ein - Eout - AEsystem =0
—
Rate of net energy transfer  Rate of change in internal, kinetic,
by heat, work, and mass potential, etc. energies
Ein = Eout

ryhy + mM;hy = myh, +myh, (since Q =W = Ake = Ape = 0)
Combining the two, mq(h, —h,)=m fw(h3 ~h,)

Dividing by my, and substituting,

ms h,—hy (719.08-209.34)ki/kg
Mg h —h, (2828.3-762.51)kJ/kg

(b) The total entropy change (or entropy generation) during this process per unit mass of feedwater can be determined from
an entropy balance expressed in the rate form as

S.in - S.out + S.gen = AS system&’o =0

— —_ —
Rate of net entropy transfer ~ Rate of entropy ~ Rate of change
by heat and mass generation of entropy

Mg (S; =85)+ Mgy (S3=84) +Sgen =0
Seer M
=5 (s, —5)+(s4 —53)=(0.247)2.1381-6.6956)+(2.0417 - 0.7038)
My, Mey

=0.213 kJ/K per kg of feedwater
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7-171

EE

7-216 E Problem 7-215 is reconsidered. The effect of the state of the steam at the inlet to the feedwater heater is to be
investigated. The entropy of the extraction steam is assumed to be constant at the value for 1 MPa, 200°C, and the
extraction steam pressure is to be varied from 1 MPa to 100 kPa. Both the ratio of the mass flow rates of the extracted
steam and the feedwater heater and the total entropy change for this process per unit mass of the feedwater are to be plotted
as functions of the extraction pressure.

Analysis The problem is solved using EES, and the results are tabulated and plotted below.

"Knowns:"

WorkFluid$ = 'Steam_iapws'

"P[3] = 1000 [kPa]" "place {} around P[3] and T[3] eqations to solve the table"
T[3] = 200 [C]

P[4] = P[3]

x[4]=0
T[4]=temperature(WorkFluid$,P=P[4],x=x[4])
P[1] = 2500 [kPa]

T[1]1=50[C]

P[2] = 2500 [kPa]

T[2] = T[4] - 10"[C]"

"Since we don't know the mass flow rates and we want to determine the ratio of mass flow rate of the extracted
steam and the feedwater, we can assume the mass flow rate of the feedwater is 1 kg/s without loss of generality.
We write the conservation of energy."

"Conservation of mass for the steam extracted from the turbine: "

m_dot_steam[3]= m_dot_steam[4]

"Conservation of mass for the condensate flowing through the feedwater heater:"
m_dot_fw[1] =1
m_dot_fw[2]= m_dot_fw][1]

"Conservation of Energy - SSSF energy balance for the feedwater heater -- neglecting the change in potential
energy, no heat transfer, no work:"

h[3]=enthalpy(WorkFluid$,P=P[3], T=T[3])

"To solve the table, place {} around s[3] and remove them from the 2nd and 3rd equations"
s[3]=entropy(WorkFluid$,P=P[3],T=T[3])

{s[3] =6.693 [kJ/kg-K] "This s[3] is for the initial T[3], P[3]"
T[3]=temperature(WorkFluid$,P=P[3],s=s[3]) "Use this equation for T[3] only when s[3] is given."}
h[4]=enthalpy(WorkFluid$,P=P[4],x=x[4])

s[4]=entropy(WorkFluid$,P=P[4],x=x[4])

h[1]=enthalpy(WorkFluid$,P=P[1],T=T[1])

s[1]=entropy(WorkFluid$,P=P[1],T=T[1])

h[2]=enthalpy(WorkFluid$,P=P[2],T=T[2])

s[2]=entropy(WorkFluid$,P=P[2],T=T[2])

"For the feedwater heater:"

E_dot_in = E_dot_out

E_dot_in = m_dot_steam[3]*h[3] +m_dot_fw[1]*h[1]
E_dot_out= m_dot_steam[4]*h[4] + m_dot_fw[2]*h[2]
m_ratio = m_dot_steam[3]/ m_dot_fw[1]

"Second Law analysis:"

S dot_in-S_dot_out + S_dot_gen = DELTAS_dot_sys
DELTAS_dot_sys = 0 "[KW/K]" "steady-flow result"

S_dot_in = m_dot_steam[3]*s[3] +m_dot_fw[1]*s[1]

S_dot_out= m_dot_steam[4]*s[4] + m_dot_fw[2]*s[2]
S_gen_PerUnitMassFWH = S_dot_gen/m_dot_fw[1]"[kJ/kg_fw-K]"
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Miatio Sgen,PerUnitMass I:’3
[kJ/kg-K] [kPa]
0.2109 0.1811 732
0.2148 0.185 760
0.219 0.189 790
0.223 0.1929 820
0.227 0.1968 850
0.2309 0.2005 880
0.2347 0.2042 910
0.2385 0.2078 940
0.2422 0.2114 970
0.2459 0.2149 1000

z 022 T T T T T T T
2 i ]
(@)]
< 021t P4 = 1000 Pa—— |
s |
= 02} -
@ I For P3<732kPa |
@
;: 0.19} Sgen <0 =
[
E I ]
gj_ 0.18} <« P3=732kPa i
% 1 1 1 1 1 1 1
w021 0.22 0.23 0.24 0.25
Myatio
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7-217E A rigid tank initially contains saturated R-134a vapor. The tank is connected to a supply line, and is charged until
the tank contains saturated liquid at a specified pressure. The mass of R-134a that entered the tank, the heat transfer with
the surroundings at 100°F, and the entropy generated during this process are to be determined.

Assumptions 1 This is an unsteady process since the conditions within the device are changing during the process, but it
can be analyzed as a uniform-flow process since the state of fluid at the inlet remains constant. 2 Kinetic and potential
energies are negligible. 3 There are no work interactions involved. 4 The direction of heat transfer is to the tank (will be
verified).
Properties The properties of R-134a are (Tables A-11 through A-13)
VI =Vgas0 psia = 0-59750 ft*/lbm
U =Ug@so psia = 103.35 Btu/lbm R-134a 160 psia
S1 = Sgaso psia = 0.22040 Btu/Ibm-R 80°F

V) =V @120 psia = 0.01360 ft>/Ibm g
Uy = U @iao psia = 41.49 Btw/lbm R-134a

3

S5 =S { @120 psia = 0-08589 Btu/lbm R s Of

Q

P, =80 psia
sat. vapor

P, =120 psia
sat. liquid

PI =160 pSla hl ;hf@gooF :38.17 Btu/lbm
TI = 8OOF SI = sf@SOOF = 0.07934 Btu/lbl’l’l'R
Analysis (a) We take the tank as the system, which is a control volume since mass crosses the boundary. Noting that the

energies of flowing and nonflowing fluids are represented by enthalpy h and internal energy u, respectively, the mass and
energy balances for this uniform-flow system can be expressed as

Mass balance: ~ m;, =My, =AM, —> My =M, —m;

Energy balance:

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

Q;, +m;h; =myu, —myu, (since W = ke = pe = 0)

The initial and the final masses in the tank are

513
m, :1:—3:8.3681bm
v 0.59750 ft>/Ibm
5 ft3
m, v =367.58 Ibm

v,  0.01360 ft3/Ibm

Then from the mass balance,
m; =m, —m; =367.58-8.368 =359.2 Ibm
(b) The heat transfer during this process is determined from the energy balance to be
Qin =—Mjh; +myuy —myu,
= —(359.2 1bm)(38.17 Btu/lbm)+(367.58 Ibm )(41.49 Btu/lbm)—(8.368 Ibm)(103.35 Btu/Ibm)
=673 Btu

() The entropy generated during this process is determined by applying the entropy balance on an extended system that
includes the tank and its immediate surroundings so that the boundary temperature of the extended system is the
temperature of the surroundings at all times. The entropy balance for it can be expressed as

_ Qin —_ —
Sin _Sout + Sgen _Assystem ) +M;S; +Sgen _Astank =Mm,S, —M;S,
—— b,in
Net entropy transfer Entropy Change
by heat and mass  generation in entropy

Therefore, the total entropy generated during this process is

in

Sgen =—M;Sj +(M,S, —M;s;) -
b,in
=—(359.2)0.07934)+(367.58 10.08589)—(8.368 0.22040 —@:0.0264 Btu/R
(359.2)0.07934) + (367.58Y0.05589)- (8 3680 22040) - 2B
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7-218 The heating of a passive solar house at night is to be assisted by solar heated water. The length of time that the
electric heating system would run that night and the amount of entropy generated that night are to be determined.

Assumptions 1 Water is an incompressible substance with constant specific heats. 2 The energy stored in the glass
containers themselves is negligible relative to the energy stored in water. 3 The house is maintained at 22°C at all times.

Properties The density and specific heat of water at room temperature are p = 997 kg/m’® and ¢ =4.18 kJ/kg-°C (Table A-
3).

Analysis The total mass of water is

my = p¥ =(0.997 kg/L)50x 20 L) =997 kg 50,000 kJ/h

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

Ein - Eout = AEsystem / 22°(C \
Net energy transfer Change in internal, kinetic,
by heat, work, and mass potential, etc. energies
We,in - Qout =AU = (AU )water + (AU )air
=(AU )water
= mC(TZ _Tl )water

or,
Wi in At = Qo =[ME(Ty =T1)]ater
Substituting,
(15 kJ/s)At - (50,000 kJ/h)(10 h) = (997 kg)(4.18 kI/kg-°C)(22 - 80)°C
It gives
At=17219s=4.78 h

We take the house as the system, which is a closed system. The entropy generated during this process is determined by
applying the entropy balance on an extended system that includes the house and its immediate surroundings so that the
boundary temperature of the extended system is the temperature of the surroundings at all times. The entropy balance for
the extended system can be expressed as

system

Sin_sout + Sgen =AS
——

| E—— | —
Net entropy transfer Entropy Change

by heatand mass  generation  in entropy
Qout _ 0 _
- + Sgen =AS water T AS air =AS water
Tb,out

since the state of air in the house remains unchanged. Then the entropy generated during the 10-h period that night is

+ Qou _ (mclnT—Zj +—Q°“t
T water

1
295K N 500,000 kJ
353K 276 K

Sgen =AS

gen water

b,out surr

=(997 kg)(4.18 kJ/kg-K )In

=-748+1811=1063 kJ/K
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7-219 A room is to be heated by hot water contained in a tank placed in the room. The minimum initial temperature of the
water needed to meet the heating requirements of this room for a 24-h period and the entropy generated are to be
determined.

Assumptions 1 Water is an incompressible substance with constant specific heats. 2 Air is an ideal gas with constant
specific heats. 3 The energy stored in the container itself is negligible relative to the energy stored in water. 4 The room is
maintained at 20°C at all times. 5 The hot water is to meet the heating requirements of this room for a 24-h period.

Properties The specific heat of water at room temperature is ¢ =4.18 kJ/kg-°C (Table A-3).
Analysis Heat loss from the room during a 24-h period is
Quoss = (10,000 kJ/h)(24 h) = 240,000 kJ

Taking the contents of the room, including the water, as our system, the energy balance can be written as

~ o &0
Ein - Eout - AEsystem i Qout =AU = (AU )Water + (AU )air
e S

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

10,000 kJ/h
or

“Qout = [MC(T2 - T1)]water
Substituting, / \

-240,000 kJ = (1500 kg)(4.18 kJ/kg-°C)(20 - T))
It gives

T,=58.3°C

where T is the temperature of the water when it is first brought into
the room.

(b) We take the house as the system, which is a closed system. The entropy generated during this process is determined by
applying the entropy balance on an extended system that includes the house and its immediate surroundings so that the
boundary temperature of the extended system is the temperature of the surroundings at all times. The entropy balance for
the extended system can be expressed as

Sin - Sout + Sgen = ASsystem
— —
Net entropy transfer Entropy Change
by heat and mass generation  in entropy
Qout — &0 =
- T + Sgen - ASwater + ASair - ASWater
b,out

since the state of air in the house (and thus its entropy) remains unchanged. Then the entropy generated during the 24 h
period becomes

Spen = AS +$ﬂ:[mclnT—2J + Qou
water

gen water
b,out Tl Tsurr

293 K N 240,000 kJ
3313K 278 K
=-770.3+863.3 = 93.0 kJ/K

= (1500 kg )(4.18 kJ/kg -K)In
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7-220 An insulated cylinder is divided into two parts. One side of the cylinder contains N, gas and the other side contains
He gas at different states. The final equilibrium temperature in the cylinder and the entropy generated are to be determined
for the cases of the piston being fixed and moving freely.

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

Properties The gas constants and the constant volume specific heats are R = 0.2968 kPa.m’/kg.K, ¢, = 0.743 kl/kg-°C and
Cp =1.039 kJ/kg-°C for N,, and R =2.0769 kPa.m’/kg K, ¢,=3.1156 kJ/kg-°C, and Cp=5.1926 kJ/kg-°C for He (Tables

A-1 and A-2)
Analysis The mass of each gas in the cylinder is

m (P4 (250 kPa)2 m*) 4Si6ke

* \RT, )y, (02968 kPa-m*/kg-K 373 K) 250 kPa 250 kPa
100°C 25°C
oo (R (250 kPa)(l m3) 04039 Kk
He — RT - ( 3 =U. g
' e [2.0769 kPa-m*/kg K [298K)

Taking the entire contents of the cylinder as our system, the 1st law relation can be written as

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

0=AU = (AU )y, +(AU )y, ——0 =[mc, (T, =Ty, +[MCy (T, =Tk
Substituting, (4.516 kg)(0.743 kl/kg - °C\T; —100PC +(0.4039 kg )3.1156 ki/kg - °C\T; —25PC=0

It gives
Ti=79.5°C
where T; is the final equilibrium temperature in the cylinder.

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

(b) We take the entire cylinder as our system, which is a closed system. Noting that the cylinder is well-insulated and thus
there is no heat transfer, the entropy balance for this closed system can be expressed as
Sin - Sout + Sgen =AS

— — —
Net entropy transfer Entropy Change
by heat and mass generation  in entropy

0+S,e, = ASy, +ASy,

system

But first we determine the final pressure in the cylinder:

4.516 k 4039 k
Now =Ny, #Nge =| 1| +[ 24| = Cloke | 0409KE _ ) 2623 kmol
2 M )y M ). 28kg/kmol 4 kg/kmol

N R, T (0.2623 kmol)<8.3 14 kPa - m®/kmol - KX352.5 K)

P, = . =256.3 kPa
Vtotal 3m
Then,
T P
ASy, = m(cp In—%=-R 1n—2]
Tl Pl N,
352.5K 256.3 kP
=(4.516 kg) (1.039 ki/kg - K )In —(0.2968 ki/kg - K)ln =22
373K 250 kPa

=-0.2978 kI/K
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AS,. =mlc, In—>—RIn—%
He P T P
He

3525K

=10.4039 kg) (5.1926 kJ/kg - Kl —12.0769 kJ/kg - K I
(4039 k) 51926 ke 522 - 769 g b

256.3 kPa
250 kPa

=0.3318 kI/K
Sgen =ASy, +ASy, =—0.2978 +0.3318 =0.0340 kJ/K

If the piston were not free to move, we would still have T, = 352.5 K but the volume of each gas would remain constant in

this case:
&0
T Y 3525K
ASy. =m|c, In-2-RIn—2 =(4.516 kg)(0.743 ki/kg - K)In =-0.1893 kJ/K
: T, vV, 373K
N2
J0
T Vv :
ASy. = m(cv 1nT—2 —RIn—% J =(0.4039 kg)(3.1156 kl/kg - K)In 32592855 =0.2115kJ/K
He

1 1

Sgen =ASy, +ASy, =-0.1893+0.2115=0.0223 kJ/K
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EE
7-221 E Problem 7-220 is reconsidered. The results for constant specific heats to those obtained using variable specific
heats are to be compared using built-in EES or other functions.

Analysis The problem is solved using EES, and the results are given below.

"Knowns:"

R_u=8.314 [kJ/kmol-K]

V_N2[1]=2 [m"3]

Cv_N2=0.743 [kJ/kg-K] "From Table A-2(a) at 27C"
R_N2=0.2968 [kJ/kg-K] "From Table A-2(a)"
T_N2[1]=100 [C]

P_N2[1]=250 [kPa]

Cp_N2=R_N2+Cv_N2

V_He[1]=1 [m"3]

Cv_He=3.1156 [kJ/kg-K] "From Table A-2(a) at 27C"
T_He[1]=25 [C]

P_He[1]=250 [kPa]

R_He=2.0769 [kJ/kg-K] "From Table A-2(a)"
Cp_He=R_He+Cv_He

"Solution:"

"mass calculations:"
P_N2[1]*"V_N2[1]=m_N2*R_N2*(T_N2[1]+273)
P_He[1]*"V_He[1]=m_He*R_He*(T_He[1]+273)

"The entire cylinder is considered to be a closed system, allowing the piston to move."
"Conservation of Energy for the closed system:"

"E_in - E_out = DELTAE, we neglect DELTA KE and DELTA PE for the cylinder."
E_in- E_out = DELTAE

E_in =0 [kJ]

E_out =0 [kJ]

"At the final equilibrium state, N2 and He will have a common temperature."
DELTAE= m_N2*Cv_N2*(T_2-T_N2[1])+m_He*Cv_He*(T_2-T_He[1])

"Total volume of gases:"
V_total=V_N2[1]+V_He[1]
MM_He = 4 [kg/kmol]
MM_N2 = 28 [kg/kmol]

N_total = m_He/MM_He+m_N2/MM_N2

"Final pressure at equilibrium:"

"Allowing the piston to move, the pressure on both sides is the same, P_2 is:"
P_2*V_total=N_total*R_u*(T_2+273)

S_gen_PistonMoving = DELTAS_He_PM+DELTAS_N2_PM
DELTAS_He_PM=m_He*(Cp_He*In((T_2+273)/(T_He[1]+273))-R_He*In(P_2/P_He[1]))
DELTAS_N2_PM=m_N2*(Cp_N2*In((T_2+273)/(T_N2[1]+273))-R_N2*In(P_2/P_N2[1]))

"The final temperature of the system when the piston does not move will be the same as when it does move.
The volume of the gases remain constant and the entropy changes are given by:"

S_gen_PistNotMoving = DELTAS_He_ PNM+DELTAS_N2_PNM
DELTAS_He_PNM=m_He*(Cv_He*In((T_2+273)/(T_He[1]+273)))
DELTAS_N2_PNM=m_N2*(Cv_N2*In((T_2+273)/(T_N2[1]+273)))

"The following uses the EES functions for the nitrogen. Since helium is monatomic, we use the constant specific
heat approach to find its property changes."
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E_in- E_out = DELTAE_VP
DELTAE_VP=m_N2*(INTENERGY(N2,T=T_2_VP)-INTENERGY(N2,T=T_N2[1]))+m_He*Cv_He*(T_2_VP-
T_He[1])

"Final Pressure for moving piston:"

P_2_VP*V_total=N_total*"R_u*(T_2_VP+273)

S_gen_PistMoving_VP = DELTAS_He_PM_VP+DELTAS_N2_PM_VP
DELTAS_N2_PM_VP=m_N2*(ENTROPY(N2,T=T_2_VP,P=P_2_VP)-ENTROPY(N2,T=T_N2[1],P=P_N2[1]))
DELTAS_He_PM_VP=m_He*(Cp_He*In((T_2+273)/(T_He[1]+273))-R_He*In(P_2/P_He[1]))

"Fianl N2 Pressure for piston not moving."
P_2_N2_VP*V_N2[1]=m_N2*R_N2*(T_2_VP+273)

S_gen_PistNotMoving_VP = DELTAS_He_PNM_VP+DELTAS_N2_PNM_VP
DELTAS_N2_PNM_VP = m_N2*(ENTROPY(N2,T=T_2_VP,P=P_2_N2_VP)-
ENTROPY(N2,T=T_N2[1],P=P_N2[1]))

DELTAS_He PNM_VP=m_He*(Cv_He*In((T_2_VP+273)/(T_He[1]+273)))

SOLUTION

Cp_He=5.193 [kJ/kg-K]

Cp_N2=1.04 [kJ/kg-K]

Cv_He=3.116 [kJ/kg-K]

Cv_N2=0.743 [kJ/kg-K]

DELTAE=O [kJ]

DELTAE VP=0 [k]]
DELTAS He PM=0.3318 [kJ/K]
DELTAS He PM VP=0.3318 [kJ/K]
DELTAS He PNM=0.2115 [kJ/K]
DELTAS He PNM VP=0.2116 [kJ/K]
DELTAS N2 PM=-0.298 [kJ/K]
DELTAS N2 PM VP=-0.298 [kJ/K]
DELTAS N2 PNM=-0.1893 [kJ/K]
DELTAS N2 PNM VP=-0.1893 [kJ/K]
E _in=0 [kJ]

E out=0 [kJ]

MM_He=4 [kg/kmol]

MM _N2=28 [kg/kmol]

m_He=0.4039 [kg]

m N2=4.516 [kg]

N_total=0.2623 [kmol]

P 2=256.3 [kPa]

P 2 N2 VP=236.3 [kPa]

P 2 VP=256.3 [kPa]

R He=2.077 [kJ/kg-K]

R N2=0.2968 [kJ/kg-K]

R u=8.314 [kJ/kmol-K]

S _gen PistMoving_ VP=0.0338 [kJ/K]
S _gen PistNotMoving=0.02226 [kJ/K]
S _gen_ PistNotMoving VP=0.02238 [kJ/K]
S _gen PistonMoving=0.03379 [kJ/K]
T 2=79.54 [C]

T 2 VP=79.58 [C]

V_total=3 [m"3]
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7-222 An insulated cylinder is divided into two parts. One side of the cylinder contains N, gas and the other side contains
He gas at different states. The final equilibrium temperature in the cylinder and the entropy generated are to be determined
for the cases of the piston being fixed and moving freely.

Assumptions 1 Both N, and He are ideal gases with constant specific heats. 2 The energy stored in the container itself,
except the piston, is negligible. 3 The cylinder is well-insulated and thus heat transfer is negligible. 4 Initially, the piston is
at the average temperature of the two gases.

Properties The gas constants and the constant volume specific heats are R = 0.2968 kPa.m’/kg.K, ¢, = 0.743 kJ/kg-°C and
€, =1.039 kJ/kg-°C for N, and R =2.0769 kPa.m’/kg K, ¢,=3.1156 kJ/kg-°C, and Cp=5.1926 kJ/kg-°C for He (Tables
A-1 and A-2). The specific heat of the copper at room temperature is ¢ = 0.386 kJ/kg:°C (Table A-3).

Analysis The mass of each gas in the cylinder is

my, =[] = (500 kPalf ) — 477 kg N, He
*\RT )y, (02968 kPa - m'/kg K 353 K) Lt e
500 kPa 500 kPa
Mye =| 4| = (500 kPafim’) = 0.808 kg 80°C 25°C
° (RT ), (2.0769 kPa-mkg K298 K) L~ = In

Taking the entire contents of the cylinder as our system, the 1st law relation
can be written as

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

0=AU =(aU )N2 +(AU )y +(aU ),
0 =[mc, (T, =TIy, +Ime, (T, =Tl +[MC(T, =Ty

where
Ticu=(80+25)/2 = 52.5°C
Substituting,
(4.77 kg)(0.743 k/kg - °C)T; —80FPC +(0.808 kg )(3.1156 ki/kg - °C)T; —25PC
+(5.0 kg)(0.386 k/kg - °C)T; —52.5FC = 0
It gives

T; =56.0°C
where T; is the final equilibrium temperature in the cylinder.

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

(b) We take the entire cylinder as our system, which is a closed system. Noting that the cylinder is well-insulated and thus
there is no heat transfer, the entropy balance for this closed system can be expressed as
Sin - Sout + Sgen =AS

(S ——— — ——
Net entropy transfer Entropy Change
by heat and mass generation  in entropy

0+ Sy, = ASy, +ASy, +AS

system

piston
But first we determine the final pressure in the cylinder:
477k 0.808 k
Nt = Ny, +Nge = (ﬂj +(ﬂ) = g . & _0.3724 kmol
M )y M g 28 kg/kmol 4 kg/kmol
N R T (0.3724 kmol)(8.3 14 kPa -m3/kmol.KX329 K)

3
Vtotal 2m

P, = = 509.4 kPa
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Then,

T P
ASy, =m/ ¢, In—=-Rln—=
? Tl Pl N
2

320K

— (477 kg) (1.039 kI/kg K )in 22—
( g){( & )n353K

—(0.2968 k/kg-K)in M}

500 kPa
=-0.3749 kJ/K

T P
ASp. =m|c,In—=-RIn—=
Tl 1 /He

=(0.808 kg){(5.1926 kJ/kg-K)in z ;Z E —(2.0769 ki/kg-K)in

509.4 kPa}

500 kPa
=0.3845 kJ/K

T 329K
AS on = (mc In —2J = (5 kg)0.386 kJ/kg - K)1nm =0.021kJ/K
piston :

1

Sgen =ASy, +ASy, +AS =-0.3749+0.3845+0.021 = 0.0305 kJ/K

piston
If the piston were not free to move, we would still have T, = 329 K but the volume of each gas would remain constant in
this case:

&0
T V. 329 K
ASy =mlc, In—2=—-Rln—= =(4.77 kg)0.743 kJ/kg - K ) In
N, { = " jN (4.77 kg)( gK) 9K
2

1 1

=-0.249 kJ/K

Jo
T V. 329
ASy. =m| ¢, In—>—RIn—= =(0.808 kg)3.1156 kl/kg-K)In
T, v ). 298
(5]

K =0.249 kJ/K
K

Sgen =ASy, +ASy, +AS =-0.249+0.249+0.021 =0.021 kI/K

piston
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7-223 An insulated rigid tank equipped with an electric heater initially contains pressurized air. A valve is opened, and air
is allowed to escape at constant temperature until the pressure inside drops to a specified value. The amount of electrical
work done during this process and the total entropy change are to be determined.

Assumptions 1 This is an unsteady process since the conditions within the device are changing during the process, but it
can be analyzed as a uniform-flow process since the exit temperature (and enthalpy) of air remains constant. 2 Kinetic and
potential energies are negligible. 3 The tank is insulated and thus heat transfer is negligible. 4 Air is an ideal gas with
variable specific heats.

Properties The gas constant is R = 0.287 kPa.m’/kg.K (Table A-1). The properties of air are (Table A-17)

T, =330 K —— h, =330.34 kl/kg
T,=330K —— u, =235.61kJ/kg
T,=330K —> u, =235.61kJ/kg

Analysis We take the tank as the system, which is a control volume since mass crosses the boundary. Noting that the
microscopic energies of flowing and nonflowing fluids are represented by enthalpy h and internal energy u, respectively,
the mass and energy balances for this uniform-flow system can be expressed as

Mass balance:

min - mout = Am - me = ml - m2

system

Energy balance:

E,-E AE

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

W, in —Mehe = myu, —myu; (since Q = ke = pe = 0)

The initial and the final masses of air in the tank are

RV (sookpasmd)
RT, (0287 kPa-mikg KJ330K)
_RV (200 kPa)(s m3) - 10.56 ke

RT, (0.287 kPa-m*/kg-K 330 K)
Then from the mass and energy balances,
m, =m —m, =26.40-10.56 = 15.84 kg
We in = Mehe +myu, —myu,
= (15.84 kg)(330.34 kJ/kg) + (10.56 kg )(235.61 ki/kg)— (26.40 kg)(235.61 ki/kg) = 1501 kJ

(b) The total entropy change, or the total entropy generation within the tank boundaries is determined from an entropy
balance on the tank expressed as

Sw—Sow + Sen =AS

in out system
— —

Net entropy transfer Entropy Change
by heatandmass  generation  in entropy

—mgS, + Sgen =AS,,
or,
Sgen =MeSe +AS i =MeSe +(M,S, —M;s;)
=(m; =m, s, +(m,s, —m;s,)=m, (s, —s, )—m, (s, -5, )

Assuming a constant average pressure of (500 + 200)/2 = 350 kPa for the exit stream, the entropy changes are determined
to be
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7-183
J0
T P P 200 kP
$,-Se=CpIn—= —RIn—*=-RIn—=-(0.287 KI/kg - K)ln —— 2 = 0.1606 kl/kg - K
T, P, P, 350 kPa
J0
T P P kP
;=S¢ =C,In—-  —RIn—2%=-RIn—-=-(0.287 kl/kg-K)In 200kPa _ 1024 kl/kg-K
T e P, 350 kPa

Therefore, the total entropy generated within the tank during this process is

Sgen = (10.56 kg)0.1606 kl/kg - K) - (26.40 kg)— 0.1024 ki/kg- K ) = 4.40 kI/K
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7-224 An insulated cylinder initially contains a saturated liquid-vapor mixture of water at a specified temperature. The
entire vapor in the cylinder is to be condensed isothermally by adding ice inside the cylinder. The amount of ice added and
the entropy generation are to be determined.

Assumptions 1 Thermal properties of the ice are constant. 2 The cylinder is well-insulated and thus heat transfer is
negligible. 3 There is no stirring by hand or a mechanical device (it will add energy).

Properties The specific heat of ice at about 0°C is ¢ = 2.11 kJ/kg-°C (Table A-3). The melting temperature and the heat of
fusion of ice at 1 atm are 0°C and 333.7 kl/kg.

Analysis (a) We take the contents of the cylinder (ice and saturated water) as our system, which is a closed system. Noting
that the temperature and thus the pressure remains constant during this phase change process and thus Wy, + AU = AH, the
energy balance for this system can be written as

Ein - Eout = AEsystem
I o
Net energy transfer Change in internal, kinetic,
by heat, work, and mass potential, etc. energies
Wy in =AU 1o
’ -18°C
AH =0
AH ice T AH water 0

or

[MC(0°C =T} ) so1ig + Myt +MC(T, —0°C) iguialice +IMMN —Np)]jaer =0
The properties of water at 100°C are (Table A-4)

vy =0.001043, v, =1.6720 m*/kg
he =419.17,  hy, =2256.4 klkg

s; =13072  sg =6.0490kJ/kg K
V) =i + XV =0.001043+(0.1)1.6720 - 0.001043) = 0.16814 m’/kg

hy = hy +xhgy =419.17+(0.1)(2256.4) = 644.81 kl/kg
S =S¢ + XSty =1.3072+(0.1)6.0470) = 1.9119 kJ/kg- K

hy =Ny oo = 41917 Ki/kg
S =S guoo-c = 13072 kl/kg - K
3
My = =202 _ 119

v, 0.16814 m’/kg

Noting that T, ;.. =-18°C and T, = 100°C and substituting gives
m{(2.11 kJ/kg.K)[0-(-18)] + 333.7 kJ/kg + (4.18 kJ/kg-°C)(100-0)°C}
+(0.119 kg)(419.17 — 644.81) kl/kg =0
m=0.034 kg=34.0gice
(b) We take the ice and the steam as our system, which is a closed system. Considering that the tank is well-insulated and
thus there is no heat transfer, the entropy balance for this closed system can be expressed as
Sin =Sou  + Sgen =AS

— —— —
Net entropy transfer Entropy Change
by heat and mass generation  in entropy

system

0+ Sge, = ASj +AS

steam
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7-185

ASeam = M(s, —5,) = (0.119 kg )(1.3072 —=1.9119)kJ/kg - K = —0.0719 kJ/K

steam

T i mh, T
ASice = (Assolid + ASme]ting + ASliquid )ice = (mc]n mf;_ltlngJ + i + (mClnT—ZJ
1 solid ~ melting 1 Jliquid

— (0.034 kg (2.11 ki/kg - K)in 213K | 333 TKIke 1o 4 pne. k223158 g 0907 kK
255.15K  273.15K 27315K
Then,
Syen = ASeam + ASiee = ~0.0719+0.0907 = 0.0188 kI/K
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7-225 An evacuated bottle is surrounded by atmospheric air. A valve is opened, and air is allowed to fill the bottle. The
amount of heat transfer through the wall of the bottle when thermal and mechanical equilibrium is established and the
amount of entropy generated are to be determined.

Assumptions 1 This is an unsteady process since the conditions within the device are changing during the process, but it
can be analyzed as a uniform-flow process since the state of fluid at the inlet remains constant. 2 Air is an ideal gas. 3
Kinetic and potential energies are negligible. 4 There are no work interactions involved. 5 The direction of heat transfer is
to the air in the bottle (will be verified).

Properties The gas constant of air is 0.287 kPa.m’/kg.K (Table A-1).

Analysis We take the bottle as the system, which is a control volume since mass crosses the boundary. Noting that the
microscopic energies of flowing and nonflowing fluids are represented by enthalpy h and internal energy u, respectively,
the mass and energy balances for this uniform-flow system can be expressed as

Mass balance:  my, —mg, = AMgge, —> My =M, (since Mgy = My = 0)
Energy balance:
_ 90 kPa
Ein - Eout - AEsystem

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

Qi +mihy =m,u, (since W = E_; = Ej5 = ke = pe = 0)

Combining the two balances: 10L
Evacuated
Qin = mz(uz - hi)
where
X (100 kPa)0.010 m? )
m, =—2—= : =0.01045 kg
RT, (0.287 kPa-m®/kg-K 300 K)
h; =300.19 kJ/k:
T, =T, =300 K Table A-17 i g
u, =214.07 kl/kg
Substituting,

Qi = (0.01045 kg)(214.07 — 300.19) kl/kg=— 0.90 k] — Qou=0.9kJ

Note that the negative sign for heat transfer indicates that the assumed direction is wrong. Therefore, we reverse the
direction.

The entropy generated during this process is determined by applying the entropy balance on an extended system
that includes the bottle and its immediate surroundings so that the boundary temperature of the extended system is the
temperature of the surroundings at all times. The entropy balance for it can be expressed as

Sin =S

in out T Sgen = ASsystem
—— |
Net entropy transfer Entropy Change
by heat and mass generation in entropy
Qout — — J0 =
m;s; — +Sgen = ASpx =MyS, —Mys; ™" =Mm,s,

surr

Therefore, the entropy generated during this process is

Qout 90 Quu Qo 0.9KkJ
Sgen = —M;S; +MyS, + =2 =m, (s, —5) " + T T 730K

surr surr surr

=0.0030kJ/K
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7-226 Water is heated from 16°C to 43°C by an electric resistance heater placed in the water pipe as it flows through a
showerhead steadily at a rate of 10 L/min. The electric power input to the heater and the rate of entropy generation are to be
determined. The reduction in power input and entropy generation as a result of installing a 50% efficient regenerator are
also to be determined.

Assumptions 1 This is a steady-flow process since there is no change with time at any point within the system and thus
Ame, =0 and AE., =0.2 Water is an incompressible substance with constant specific heats. 3 The kinetic and potential
energy changes are negligible, Ake = Ape = 0. 4 Heat losses from the pipe are negligible.

Properties The density of water is given to be p = 1 kg/L. The specific heat of water at room temperature is ¢ =4.18
kJ/kg-°C (Table A-3).

Analysis (a) We take the pipe as the system. This is a control volume since mass crosses the system boundary during the
process. We observe that there is only one inlet and one exit and thus m; =m, = m. Then the energy balance for this

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

. . B . 20 (steady) B .
Ein - Eout - AEsystem e =0 - Ein - Eout
Rate of net energy transfer  Rate of change in internal, kinetic,
by heat, work, and mass potential, etc. energies
W, ;, +mhy =mh, (since Ake = Ape = 0) WATER
. . . ) s o
W, = m(h, —hy) = e, = T)) 16°€ 43°C

where

m= pV = (1 kg/L)(lO L/min) =10 kg/min
Substituting,

W, =(10/60 kg/s)4.18 kl/kg-°C)43-16)°C = 18.8 KW

The rate of entropy generation in the heating section during this process is determined by applying the entropy balance on
the heating section. Noting that this is a steady-flow process and heat transfer from the heating section is negligible,
. . . . &0
Sin - Sout + Sgen = ASsystem =0

A —— —
Rate of net entropy transfer ~ Rate of entropy ~ Rate of change
by heat and mass generation of entropy

Ms; —Ms, + S,q, = 00— S, =M(S, —5))

Noting that water is an incompressible substance and substituting,

- T 316 K
S. . =mcln=2 =(10/60 kg/s )4.18 kJ/kg - K)ln
en < ( gis) g-K) K

. = 0.0622 kJ/K
1

(b) The energy recovered by the heat exchanger is

Quved = € Qmax = EMC(Toax = Tin ) = 0.5(10/60 kg/s)4.18 kl/kg - °C)39 —16FC = 8.0 kJ/s = 8.0 kW

m

Therefore, 8.0 kW less energy is needed in this case, and the required electric power in this case reduces to

w =Wip o1d — Quaveq = 18.8—8.0=10.8 KW

in,new

Taking the cold water stream in the heat exchanger as our control volume (a steady-flow system), the temperature at which
the cold water leaves the heat exchanger and enters the electric resistance heating section is determined from

Q = mC(Tc,out _Tc,in)
Substituting,
8 kJ/s = (10/60 kg/s)(4.18 kJ/kg-" C)(T, oy ~16°C)

It yields
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T

c,out

=27.5°C =300.5K

The rate of entropy generation in the heating section in this case is determined similarly to be

316 K

. T
$  —ricin—2 = (10/60 kg/s)4.18 ki/kg - K) In——2—— = 0.0350 kJ/K
gen T, ( g'sk g'K) 3005 K

Thus the reduction in the rate of entropy generation within the heating section is
S =0.0622 —0.0350 = 0.0272 KW/K

reduction
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EE
7-227 E Using EES (or other) software, the work input to a multistage compressor is to be determined for a given set
of inlet and exit pressures for any number of stages. The pressure ratio across each stage is assumed to be identical and the
compression process to be polytropic. The compressor work is to be tabulated and plotted against the number of stages for
P, =100 kPa, T, = 25°C, P, = 1000 kPa, and n = 1.35 for air.

Analysis The problem is solved using EES, and the results are tabulated and plotted below.

GASS$ = "Air'

Nstage = 2 "number of stages of compression with intercooling, each having same pressure ratio."

n=1.35

MM=MOLARMASS(GAS$)
R_u = 8.314 [kJ/kmol-K]

R=R_u/MM
k=1.4

P1=100 [kPa]

T1=25[C]

P2=1000 [kPa]

R_p = (P2/P1)*(1/Nstage)
W_dot_comp= Nstage*n*R*(T1+273)/(n-1)*((R_p)*((n-1)/n) - 1)

Nstage

Weomp

[kJ/kg]

SOONOUAWN =

269.4
229.5
217.9
2124
209.2
2071
205.6
204.5
203.6
202.9

Weomp (kJ/k)

270

260

250

240

230

220

210

200

Nstage
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7-228 The turbocharger of an internal combustion engine consisting of a turbine driven by hot exhaust gases and a
compressor driven by the turbine is considered. The air temperature at the compressor exit and the isentropic efficiency of
the compressor are to be determined.

Assumptions 1 Steady operating conditions exist. 2 Kinetic and potential Air. 70°C
energy changes are negligible. 3 Exhaust gases have air properties and air '

; - X : 95 kPa
is an ideal gas with constant specific heats. l 0.018 kg/s
Properties The specific heat of exhaust gases at the average temperature
of 425°C is ¢, = 1.075 kJ/kg.K and properties of air at an anticipated Turbine Compressor
average temperature of 100°C are ¢, = 1.011 kJ/kg.K and k =1.397 (Table
A-2).
Analysis (a) The turbine power output is determined from Exh. gas
. 450°C 135 kPa
Wy =mg,C (T, =T
T exnCp (1 =T2) 0.02 kg/s

=(0.02 kg/s)(1.075 kJ/kg.°C)(450-400)°C =1.075 kW

For a mechanical efficiency of 95% between the turbine and the compressor,

We =7,,W; =(0.95)(1.075kW)=1.021kW
Then, the air temperature at the compressor exit becomes

We = My Cp (T = T))
1.021kW = (0.018 kg/s)(1.011kJ/kg.°C)(T, - 70)°C
T, =126.1°C

(b) The air temperature at the compressor exit for the case of isentropic process is

p, 135kPa
T, =T,| = =(70+273 K)(—
P 95 kPa

(1.397-1)/1.397
] =379K =106°C

The isentropic efficiency of the compressor is determined to be

Ty -T, _ 106—70

- =0.642
T,-T, 126.1-70

Tlc =
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7-229 Air is allowed to enter an insulated piston-cylinder device until the volume of the air increases by 50%. The final
temperature in the cylinder, the amount of mass that has entered, the work done, and the entropy generation are to be
determined.

Assumptions 1 Kinetic and potential energy changes are negligible. 2
Air is an ideal gas with constant specific heats.

Properties The gas constant of air is R = 0.287 kJ/kg.K and the

specific heats of air at room temperature are ¢, = 1.005 kJ/kg.K, ¢, = 0 glrm3
0.718 kJ/kg.K (Table A-2). 0.7 ke Air
Analysis The initial pressure in the cylinder is 20°C  wJ— 500kPa

— 70°C

_ MRT, _ (0.7kg)(0.287 kPa-m"/kg - K)(20+273 K)

U Py =235.5kPa
1 0.25m

Py

PV, (235.5kPa)(1.5x0.25m%) 307.71
m, = = 3 =
RT,  (0.287 kPa-m?/kg-K)T, T,

A mass balance on the system gives the expression for the mass entering the cylinder

307.71
m. =

T,

-0.7

(c) Noting that the pressure remains constant, the boundary work is determined to be
Wy oue = P (Y, —V)) =(235.5kPa)(1.5x0.25 - 0.5)m* =29.43kJ
(a) An energy balance on the system may be used to determine the final temperature

My =W, e = MUy —myu,
miCpTi _Wb,out = mZCUTZ - mICuTl

(307'71 - 0.7}(1 .005)(70+273)—29.43 = [307'71J(0.7 18)T, —(0.7)(0.718)(20 + 273)
2 2
There is only one unknown, which is the final temperature. By a trial-error approach or using EES, we find
T,=308.0K
(b) The final mass and the amount of mass that has entered are
307.71
=———=0.999k
> 3080 s

m; =m, —m; =0.999 - 0.7 =0.299 kg
(d) The rate of entropy generation is determined from

Sgen =MyS; —=MyS; —M;S; =M, S, —MyS; —(My —M;)S; =M, (S, —S;)—M;(S; —S;)

T P T P,
= mz(cp lnT—z—Rlanj—ml(cp 1nT—‘—R1n—‘]

308K 235.5kPa
=(0.999 kg)| (1.005 kJ/kg.K)ln| ——— |- (0.287 kI/kg.K)In| 2> —%
( g){( £ )n(343Kj ( . )n( 500 kPa ﬂ

293K 235.5kPa
— (0.7 kg)| (1.005 kJ/kg.K)In —(0.287 ki/kg K)ln| =222
( g){( gK) (3431(] ( eK) ( 500 kPa H

=0.0673 kJ/K
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7-230 A cryogenic turbine in a natural gas liquefaction plant produces 115 kW of power. The efficiency of the turbine is to
be determined.

Assumptions 1 The turbine operates steadily.

Properties The density of natural gas is given to be 423.8 kg/m’.

Analysis The maximum possible power that can be obtained from this turbine

for the given inlet and exit pressures can be determined from .
Cryogenic

. i turbine
Wi = (P = o) = K85 (3000 - 300)kPa = 127.4 kW
P 423 8kg/m
Given the actual power, the efficiency of this cryogenic turbine becomes LNG, 30 bar
W 115 KW -160°C, 20 kg/s
n=— = =0.903=90.3%

W 127.4kW

max

This efficiency is also known as hydraulic efficiency since the cryogenic turbine handles
natural gas in liquid state as the hydraulic turbine handles liquid water.
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7-231 Heat is transferred from a tank to a heat reservoir until the temperature of the tank is reduced to the temperature of
reservoir. The expressions for entropy changes are to be obtained and plotted against initial temperature in the tank.

Properties The constant-volume specific heat of air at 300 K is ¢, = 0.718 kJ/kg'K (Table A-2a)

Analysis The entropy change of air in the tank is

AS, = m{cv ln-1r_—2+ Rlnﬁ} =mc, lnT—2

1 1 1

The entropy change of heat reservoir is

ASHR :g: rT]CV(TI _TZ)
TL TL

The total entropy change (i.e., entropy generation) is

T, mc,(T,-T,)
Sgen = AS i = AS,j, +ASyp =me, In—2 + ——1 22

T T

The heat transfer will continue until T, = T,.. Now using m =2 kg, ¢, = 0.718 kJ/kg-K and T, =300 K, we plot entropy
change terms against initial temperature as shown in the figure.

1.6
14
1.2

0.8 AStank ASHR
0.6

0.4]
0.2]
I Sgen
0.2
0.4|
06|
08|

Entropy change, kJ/K

100 150 200 250 300 350 400 450 500
T1 (K)
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7-232 Heat is transferred from a tank to a heat engine which produces work. This work is stored in a work reservoir. The
initial temperature of the air for maximum work and thermal efficiency, the total entropy change, work produced and
thermal efficiency are to be determined for three initial temperatures.

Properties The constant-volume specific heat of air at 300 K is ¢, = 0.718 kJ/kg'K (Table A-2a)
Analysis (a) The entropy change of air in the tank is

T v. T
AS i =M C, In=%+RIn—= [=mc, In-=
Tl 1 Tl

The heat transfer will continue until T, = T,. Thus,

TL
AStank = mCV lnf

The entropy change of heat reservoir is

_Q

AS
HR T,

The entropy change of heat engine is zero since the engine is reversible and produces maximum work. The work reservoir
involves no entropy change. Then, the total entropy change (i.e., entropy generation) is

Sgcn = AStotal = AStank +ASHR +ASHE +ASWR
=AS i +ASyr +0+0

which becomes

T Q
Sgen :mCV lnf+f (1)

The expression for the thermal efficiency is

w
th =~ 2
TTh Qn 2

or 7y = —S—L 3)
H

Heat transfer from the tank is expressed as
Qu =me, (T, -Ty) (4)
In ideal operations, the entropy generation will be zero. Then using m =2 kg, ¢, =0.718 kJ/kg-K, T, =300 K, Q_ =400 kJ

and solving equations (1), (2), (3) and (4) simultaneously using an equation solver such as EES we obtain
T, =759.2K
ng =0.3934
W =259.4KkJ
Qu =659.4kJ

(b) At the initial air temperature of 759.2 K, the entropy generation is zero and

Sgen =0
7y =0.3934
W =259.4 kJ

At the initial air temperature of 759.2-100 = 659.2 K, we obtain

S gen =0.2029 kJ/K

7y =0.2245

W =115.8kJ
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At the initial air temperature of 759.2 + 100 = 859.2 K, we obtain

S gen = ~0.1777 kJ/K
M =0.5019
W =403.0kJ

A negative value for entropy generation indicates that this process is not possible with the given values.

(c) The thermal efficiency and the entropy generation as functions of the initial temperature of the air are plotted below:

0.8 0.6
0.6} 0.4
0.4}

{02 &
< -
E 0.2* 5/

,O 8

(@)
Or n
ool 1-0.2
_04 L L L L _04
500 600 700 800 900 1000
T4 (K)
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7-196
7-233 1t is to be shown that for an ideal gas with constant specific heats the compressor and turbine isentropic efficiencies
(P, / PRIk ond (T, /Ty -1
_— 77 = .
Ty /T) -1 TR, Py * K

may be written as 7 =

Analysis The isentropic efficiency of a compressor for an ideal gas with constant specific heats is given by

_ hys —hy _ CD(T2S -T) _Tzs -T

- hy—h  ¢c,(T,-T)) T,-T,

Tc

The temperature at the compressor exit fort he isentropic case is expressed as

(k=1)/k
P
S Pl

Substituting,

(k=1)/k
(k-1)/k (k=1)/k
T[22 -1, h (PZJ -1 [P -1
1 1 P
T,-T, PR ! Py

77C = = = =
T,-T T, -T, T Ty 1 T -1
1 T] -r1

The isentropic efficiency of a turbine for an ideal gas with constant specific heats is given by

hy—hy Cp(Ty-T3) T,-T;
hys =Ny Cp(Tys —T3)  Tye —Ts

nr =

The temperature at the turbine exit fort he isentropic case is expressed as

(k=1)/k
P
S P3

T
T, [4}1 Ta|y
T,-T; T,-T, ~ T, T

lc = - _
T4s —T3 P4 (k-1)/k P4 (k=1)/k P4 (k-1)/k
T, -Ty Tl -1 | =X -1
P P P

Substituting,
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7-197
7-234 An expression for the internal energy change of an ideal gas during the isentropic process is to be obtained.

Analysis The expression is obtained as follows:
du =Tdg" — Pdv = —Pdv

u=-— I Pdv, where P =constv*

2
v
u=-— J' const v *dv = —const | =—

| RT
k- 1| k-1),

Au:Cv(Tz_ 1)

Au =

7-235 The temperature of an ideal gas is given as functions of entropy and specific volume. The T-vrelation for this ideal
gas undergoing an isentropic process is to be obtained.

Analysis The expressions for temperatures T; and T, are
T,=T(s,v)) and T, =T (S,,v,)
T, = Av® exp(s, /c,)
T, = Avs* exp(s, /¢,)
Now divide T, by Ty,
T, Avi¥exp(s,/c,)
f: Aull'k exp(s; /cy)

Since A and ¢, are constants and the process is isentropic S, = Sj, the temperature ratio reduces to

T, (v k-1
T Vs
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7-198
7-236 An ideal gas undergoes a reversible, steady-flow process. An expression for heat transfer is to be obtained.
Analysis (a) The conservation of mass and energy for the steady-flow process are

>n- Yo

inlets exits

2 2
Qnet+zm{h+v7+gzj :Wnet+zme(h+v7+gZ]
e

inlets i exits

where the sign of heat transfer is to the system and work is from the system. For one entrance, one exit, neglecting kinetic
and potential energies, and unit mass flow, the conservation of mass and energy reduces to

Onet = Whet + (he - hl)

The steady-flow, reversible work for the isothermal process is found from

e e
Whet.strev = —!udP = —.!‘% dP =-RT ln(%j
Then
Onet = Wyet +(Ne =)
=—-RT - RT ln[%] +Cp(Te=T))
[
However,
T. =T,
Thus,

P
A

(b) For the isothermal process, the heat transfer may be determined from
e e
et :ITds :TIds =T(S. —S;)
[ [

The entropy change of an ideal gas is found from

Te

c dT
5, =, =I$— Rln(%}
: i

For the isothermal process the entropy change is

P
Se —S; = —Rln[;‘*j
i

The expression for heat transfer is

Qe =T (S — ) =—RT h{%]

which is the same as part (a).
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7-199

7-237 The temperature of an ideal gas is given as functions of entropy and specific volume. The expression for heat transfer
is to be determined and compared to the result by a first law analysis.

Analysis The heat transfer may be expressed as

T(s,P)= AP* D exp(s/c))

T(s,v) = AP“ D exp(s/c,)

s, s,
Q (k=1)/k
q:E:des:jAP exp(s/c,)ds
S| S|
For P = constant, the integral becomes
Sy
q= APk J'exp(s/cp)ds = APKDke exp(s/c,)
S|

_ AP(k—l)/ka exp(s, /C,) —exp(s, /Cp)]

Sy
Sy

Noting that
T, = AP® D K exp(s, /c,)
T, = AP* D exp(s, /c,)
We obtain
q=cp(T,=T))

This result is the same as that given by applying the first law to a closed system undergoing a constant pressure process.
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7-200
7-238 A two-stage compression with intercooling process is considered. The isentropic efficiencies for the two compression
processes are given. The optimum intercooling pressure is to be obtained.

Analysis The work of compression is

Wcomp = Cp(TZ _Tl)+Cp(T4 _T3)

1 1
(TZS _Tl)+cp

(T4s _T3)
Mc,L Mc.H

1 1
=Cy| Ty (Tos /Ty =D+ T4 (T4s/T3—1)}
| 7L C.H

i (k=1)/k (k=1)/k
P P
=c,|T, ! (—ZJ ~1|+T, ! (—4J -1
ne (P e |\ Ps

We are to assume that intercooling takes place at constant pressure and the gases can be cooled to the inlet temperature for
the compressor, such that P; = P, and T; = T,. Then the total work supplied to the compressor becomes

i k-1)/k k-1)/k
Weomp =CpT —= -1+ — -1
Nc.L ] e H P,

k-1)/k k-1)/k
1 (p ) TR R T
=cpTy —= + 4 — _
neL \ P Nen \ P

Mc,L TilcH

—_

To find the unknown pressure P, that gives the minimum work input for fixed compressor inlet conditions T, P, exit
pressure P4, and isentropic efficiencies, we set

dWcomp (PZ ) -0
dp,

This yields

Since P, = P;, the pressure ratios across the two compressors are related by

—k —k
F)2 — k-1 — P4 k-1
P, =(Mc.L) = P, (Mch)
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7-201

Fundamentals of Engineering (FE) Exam Problems

7-239 Steam is condensed at a constant temperature of 30°C as it flows through the condenser of a power plant by rejecting
heat at a rate of 55 MW. The rate of entropy change of steam as it flows through the condenser is

(a) -1.83 MW/K (b) -0.18 MW/K (¢) 0 MW/K (d) 0.56 MW/K (e) 1.22 MW/K
Answer (b)-0.18 MW/K

Solution Solved by EES Software. Solutions can be verified by copying-and-pasting the following lines on a blank EES
screen. (Similar problems and their solutions can be obtained easily by modifying numerical values).

T1=30"C"
Q_out=55 "MwW"
S _change=-Q out/(T1+273) "MW/K"

"Some Wrong Solutions with Common Mistakes:"

W1 S change=0 "Assuming no change"

W2_S change=Q_ out/T1 "Using temperature in C"

W3_S change=Q_ out/(T1+273) "Wrong sign"

W4 _S change=-s_fg "Taking entropy of vaporization"
s_fg=(ENTROPY(Steam_IAPWS,T=T1,x=1)-ENTROPY(Steam_IAPWS,T=T1,x=0))

7-240 Steam is compressed from 6 MPa and 300°C to 10 MPa isentropically. The final temperature of the steam is
(a) 290°C (b) 300°C (c)311°C (d)371°C (e) 422°C
Answer (d) 371°C

Solution Solved by EES Software. Solutions can be verified by copying-and-pasting the following lines on a blank EES
screen. (Similar problems and their solutions can be obtained easily by modifying numerical values).

P1=6000 "kPa"

T1=300 "C"

P2=10000 "kPa"

s2=sl
s1=ENTROPY(Steam_IAPWS,T=T1,P=P1)
T2=TEMPERATURE(Steam_IAPWS,s=s2,P=P2)

"Some Wrong Solutions with Common Mistakes:"

W1 T2=T1 "Assuming temperature remains constant"
W2_T2=TEMPERATURE(Steam_IAPWS,x=0,P=P2) "Saturation temperature at P2"
W3 _T2=TEMPERATURE(Steam_IAPWS,x=0,P=P2) "Saturation temperature at P1"
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7-202

7-241 An apple with an average mass of 0.12 kg and average specific heat of 3.65 kJ/kg.°C is cooled from 25°C to 5°C.
The entropy change of the apple is

(a) —0.705 kJ/K (b) -0.254 kKI/K (c) -0.0304 kI/K (d) 0kI/K (e) 0.348 kKI/K
Answer (c)—0.0304 kJ/K

Solution Solved by EES Software. Solutions can be verified by copying-and-pasting the following lines on a blank EES
screen. (Similar problems and their solutions can be obtained easily by modifying numerical values).

C=3.65 "kJ/kg.K"

m=0.12 "kg"

T1=25"C"

T2=5"C"
S_change=m*C*In((T2+273)/(T1+273))

"Some Wrong Solutions with Common Mistakes:"

W1_S change=C*In((T2+273)/(T1+273)) "Not using mass"
W2_S_change=m*C*In(T2/T1) "Using C"
W3_S_change=m*C*(T2-T1) "Using Wrong relation”

7-242 A piston-cylinder device contains 5 kg of saturated water vapor at 3 MPa. Now heat is rejected from the cylinder at
constant pressure until the water vapor completely condenses so that the cylinder contains saturated liquid at 3 MPa at the
end of the process. The entropy change of the system during this process is

(a) 0kJ/K (b) -3.5kJ/K (c) -12.5kJ/K (d) -17.7kI/K (e) -19.5kJ/K
Answer (d) -17.7 kJ/K

Solution Solved by EES Software. Solutions can be verified by copying-and-pasting the following lines on a blank EES
screen. (Similar problems and their solutions can be obtained easily by modifying numerical values).

P1=3000 "kPa"

m:5 Ilkgll
s_fg=(ENTROPY(Steam_IAPWS,P=P1,x=1)-ENTROPY(Steam_IAPWS,P=P1,x=0))
S _change=-m*s_fg "kJ/K"
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7-203

7-243 Helium gas is compressed from 1 atm and 25°C to a pressure of 10 atm adiabatically. The lowest temperature of
helium after compression is

(a) 25°C (b) 63°C (c) 250°C (d) 384°C (e) 476°C
Answer (e) 476°C

Solution Solved by EES Software. Solutions can be verified by copying-and-pasting the following lines on a blank EES
screen. (Similar problems and their solutions can be obtained easily by modifying numerical values).

k=1.667

P1=101.325 "kPa"

T1=25"C"

P2=10*101.325 "kPa"

"s2=s1"

"The exit temperature will be lowest for isentropic compression,"
T2=(T1+273)*(P2/P1)"((k-1)/k) "K"

T2_C=T2-273"C"

"Some Wrong Solutions with Common Mistakes:"

W1 T2=T1 "Assuming temperature remains constant"
W2_T2=T1*(P2/P1)"((k-1)/K) "Using C instead of K"
W3_T2=(T1+273)*(P2/P1)-273 "Assuming T is proportional to P"
W4 _T2=T1*(P2/P1) "Assuming T is proportional to P, using C"

7-244 Steam expands in an adiabatic turbine from 4 MPa and 500°C to 0.1 MPa at a rate of 2 kg/s. If steam leaves the
turbine as saturated vapor, the power output of the turbine is

(a) 2058 kW (b) 1910 kW (c) 1780 kW (d) 1674 kW (e) 1542 kW
Answer (e) 1542 kW

Solution Solved by EES Software. Solutions can be verified by copying-and-pasting the following lines on a blank EES
screen. (Similar problems and their solutions can be obtained easily by modifying numerical values).

P1=4000 "kPa"

T1=500 "C"

P2=100 "kPa"

x2=1

m=2 "kg/s"
h1=ENTHALPY(Steam_IAPWS,T=T1,P=P1)
h2=ENTHALPY (Steam_IAPWS, x=x2,P=P2)
W_out=m*(h1-h2)

"Some Wrong Solutions with Common Mistakes:"
s1=ENTROPY(Steam_IAPWS,T=T1,P=P1)
h2s=ENTHALPY(Steam_IAPWS, s=s1,P=P2)

W1 Wout=m*(h1-h2s) "Assuming isentropic expansion"

PROPRIETARY MATERIAL. © 2011 The McGraw-Hill Companies, Inc. Limited distribution permitted only to teachers and educators for course
preparation. If you are a student using this Manual, you are using it without permission.



www.semeng.ir

www. 20f 11 e. org

7-204

7-245 Argon gas expands in an adiabatic turbine from 3 MPa and 750°C to 0.2 MPa at a rate of 5 kg/s. The maximum
power output of the turbine is

(a) 1.06 MW (b) 1.29 MW (c) 1.43 MW (d) 1.76 MW (e) 2.08 MW
Answer (d) 1.76 MW

Solution Solved by EES Software. Solutions can be verified by copying-and-pasting the following lines on a blank EES
screen. (Similar problems and their solutions can be obtained easily by modifying numerical values).

Cp=0.5203

k=1.667

P1=3000 "kPa"
T1=750+273 "K"

m=>5 "kg/s"

P2=200 "kPa"

"s2=s1"
T2=T1*(P2/P1)"((k-1)/k)
W_max=m*Cp*(T1-T2)

"Some Wrong Solutions with Common Mistakes:"
Cv=0.2081"kJ/kg.K"

W1_Wmax=m*Cv*(T1-T2) "Using Cv"
T22=T1*(P2/P1)"((k-1)/k) "Using C instead of K"
W2_Wmax=m*Cp*(T1-T22)

W3_Wmax=Cp*(T1-T2) "Not using mass flow rate"
T24=T1*(P2/P1) "Assuming T is proportional to P, using C"
W4_Wmax=m*Cp*(T1-T24)

7-246 A unit mass of a substance undergoes an irreversible process from state 1 to state 2 while gaining heat from the
surroundings at temperature T in the amount of q. If the entropy of the substance is S; at state 1, and S, at state 2, the entropy
change of the substance As during this process is

(a) AS<S,—5; (b) As>s,—5 (c) As=s,—5; (d)As=s,—s,+q/T () As>s,—s; +q/T

Answer (c) As=5%,—5,

7-247 A unit mass of an ideal gas at temperature T undergoes a reversible isothermal process from pressure P; to pressure
P, while loosing heat to the surroundings at temperature T in the amount of q. If the gas constant of the gas is R, the entropy
change of the gas As during this process is

(a) As =R In(P,/P)) (b) As=R In(Po/P))- ¢/T  (c) As =R In(P,/P,) (d) As =R In(P,/Py)-¢/T (e)As=0
Answer (c) As =R In(P,/P,)
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7-205

7-248 Air is compressed from room conditions to a specified pressure in a reversible manner by two compressors: one
isothermal and the other adiabatic. If the entropy change of air is AS;,, during the reversible isothermal compression, and
AS,4i, during the reversible adiabatic compression, the correct statement regarding entropy change of air per unit mass is

(a) ASisor= ASaaia=0 (b) ASiso= ASygia>0 (€) ASqy4i> 0 (d) ASi; <0 (€) Asise= 0
Answer (d) ASjso; <0

7-249 Helium gas is compressed from 27°C and 3.5 m’/kg to 0.775 m*/kg in a reversible adiabatic manner. The temperature
of helium after compression is

(a) 74°C (b) 122°C (c) 547°C (d) 709°C (e) 1082°C
Answer (c) 547°C

Solution Solved by EES Software. Solutions can be verified by copying-and-pasting the following lines on a blank EES
screen. (Similar problems and their solutions can be obtained easily by modifying numerical values).

k=1.667

v1=3.5 "m~"3/kg"

T1=27"C"

v2=0.775 "m"3/kg"

"s2=s1"

"The exit temperature is determined from isentropic compression relation,"
T2=(T1+273)*(v1iv2)*(k-1) "K"

T2_C=T2-273"C"

"Some Wrong Solutions with Common Mistakes:"

W1 _T2=T1 "Assuming temperature remains constant"
W2_T2=T1*(v1/v2)"(k-1) "Using C instead of K"
W3_T2=(T1+273)*(v1/v2)-273 "Assuming T is proportional to v"
W4_T2=T1*(v1l/v2) "Assuming T is proportional to v, using C"
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7-206

7-250 Heat is lost through a plane wall steadily at a rate of 600 W. If the inner and outer surface temperatures of the wall
are 20°C and 5°C, respectively, the rate of entropy generation within the wall is

(a) 0.11 W/K (b) 421 W/K (c) 2.10 WK (d)42.1 W/K (e) 90.0 W/K
Answer (a) 0.11 W/K

Solution Solved by EES Software. Solutions can be verified by copying-and-pasting the following lines on a blank EES
screen. (Similar problems and their solutions can be obtained easily by modifying numerical values).

Q=600 "W"

T1=20+273 "K"

T2=5+273 "K"

"Entropy balance S_in-S_out + S_gen= DS_system for the wall for steady operation gives"
Q/T1-Q/T2+S _gen=0 "W/K"

"Some Wrong Solutions with Common Mistakes:"
Q/(T1+273)-Q/(T2+273)+W1_Sgen=0 "Using C instead of K"
W2_Sgen=Q/((T1+T2)/2) "Using avegage temperature in K"
W3_Sgen=Q/((T1+T2)/2-273) "Using avegage temperature in C"
W4 _Sgen=Q/(T1-T2+273) "Using temperature difference in K"

7-251 Air is compressed steadily and adiabatically from 17°C and 90 kPa to 200°C and 400 kPa. Assuming constant
specific heats for air at room temperature, the isentropic efficiency of the compressor is

(a) 0.76 (b) 0.94 (c) 0.86 (d) 0.84 (e) 1.00
Answer (d) 0.84

Solution Solved by EES Software. Solutions can be verified by copying-and-pasting the following lines on a blank EES
screen. (Similar problems and their solutions can be obtained easily by modifying numerical values).

Cp=1.005 "kJ/kg.K"

k=1.4

P1=90 "kPa"

T1=17"C"

P2=400 "kPa"

T2=200 "C"
T2s=(T1+273)*(P2/P1)N((k-1)/k)-273
Eta_comp=(Cp*(T2s-T1))/(Cp*(T2-T1))

"Some Wrong Solutions with Common Mistakes:"

T2sW1=T1*(P2/P1)*((k-1)/k) "Using C instead of K in finding T2s"
W1_Eta_comp=(Cp*(T2sW1-T1))/(Cp*(T2-T1))

W2_Eta_comp=T2s/T2 "Using wrong definition for isentropic efficiency, and using C"
W3_Eta_comp=(T2s+273)/(T2+273) "Using wrong definition for isentropic efficiency, with K"
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7-207

7-252 Argon gas expands in an adiabatic turbine steadily from 600°C and 800 kPa to 80 kPa at a rate of 2.5 kg/s. For an
isentropic efficiency of 88%, the power produced by the turbine is

(a) 240 kW (b) 361 kW (c) 414 kW (d) 602 kW (e) 777 kW
Answer (d) 602 kW

Solution Solved by EES Software. Solutions can be verified by copying-and-pasting the following lines on a blank EES
screen. (Similar problems and their solutions can be obtained easily by modifying numerical values).

Cp=0.5203 "kJ/kg-K"

k=1.667

m=2.5 "kg/s"

T1=600 "C"

P1=800 "kPa"

P2=80 "kPa"
T2s=(T1+273)*(P2/P1)"((k-1)/k)-273
Eta turb=0.88
Eta_turb=(Cp*(T2-T1))/(Cp*(T2s-T1))
W_out=m*Cp*(T1-T2)

"Some Wrong Solutions with Common Mistakes:"

T2sW1=T1*(P2/P1)"((k-1)/k) "Using C instead of K to find T2s"
Eta_turb=(Cp*(T2W1-T1))/(Cp*(T2sW1-T1))

W1_Wout=m*Cp*(T1-T2W1)

Eta_turb=(Cp*(T2s-T1))/(Cp*(T2W2-T1)) "Using wrong definition for isentropic efficiency, and using C"
W2_Wout=m*Cp*(T1-T2W2)

W3_Wout=Cp*(T1-T2) "Not using mass flow rate"

Cv=0.3122 "kJ/kg.K"

W4_Wout=m*Cv*(T1-T2) "Using Cv instead of Cp"
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7-208

7-253 Water enters a pump steadily at 100 kPa at a rate of 35 L/s and leaves at 800 kPa. The flow velocities at the inlet and
the exit are the same, but the pump exit where the discharge pressure is measured is 6.1 m above the inlet section. The
minimum power input to the pump is

(a) 34 kW (b) 22 kW (c) 27 kW (d) 52 kW (e) 44 kW
Answer (c) 27 kW

Solution Solved by EES Software. Solutions can be verified by copying-and-pasting the following lines on a blank EES
screen. (Similar problems and their solutions can be obtained easily by modifying numerical values).

V=0.035 "m"3/s"

g=9.81 "m/s"2"

h=6.1 "m"

P1=100 "kPa"

T1=20"C"

P2=800 "kPa"

"Pump power input is minimum when compression is reversible and thus w=v(P2-P1)+Dpe"
v1=VOLUME(Steam_IAPWS,T=T1,P=P1)

m=V/vl

W_min=m*v1*(P2-P1)+m*g*h/1000 "kPa.m"3/s=kW"

"(The effect of 6.1 m elevation difference turns out to be small)"

"Some Wrong Solutions with Common Mistakes:"

W1 Win=m*v1*(P2-P1) "Disregarding potential energy"
W2_Win=m*v1*(P2-P1)-m*g*h/1000 "Subtracting potential energy instead of adding"
W3_Win=m*v1*(P2-P1)+m*g*h "Not using the conversion factor 1000 in PE term"
W4_Win=m*v1*(P2+P1)+m*g*h/1000 "Adding pressures instead of subtracting”

7-254 Air at 15°C is compressed steadily and isothermally from 100 kPa to 700 kPa at a rate of 0.12 kg/s. The minimum
power input to the compressor is

(a) 1.0kW (b) 11.2kW (c) 25.8 kW (d) 193 kW (e) 161 kW
Answer (d) 19.3 kW

Solution Solved by EES Software. Solutions can be verified by copying-and-pasting the following lines on a blank EES
screen. (Similar problems and their solutions can be obtained easily by modifying numerical values).

Cp=1.005 "kJ/kg.K"

R=0.287 "kJ/kg.K"

Cv=0.718 "kJ/kg.K"

k=1.4

P1=100 "kPa"

T=15"C"

m=0.12 "kg/s"

P2=700 "kPa"
Win=m*R*(T+273)*In(P2/P1)

"Some Wrong Solutions with Common Mistakes:"
W1_Win=m*R*T*In(P2/P1) "Using C instead of K"
W2_Win=m*T*(P2-P1) "Using wrong relation"
W3_Win=R*(T+273)*In(P2/P1) "Not using mass flow rate"
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7-209

7-255 Air is to be compressed steadily and isentropically from 1 atm to 16 atm by a two-stage compressor. To minimize the
total compression work, the intermediate pressure between the two stages must be

(a) 3 atm (b) 4 atm (c) 8.5 atm (d) 9 atm (e) 12 atm
Answer (b) 4 atm

Solution Solved by EES Software. Solutions can be verified by copying-and-pasting the following lines on a blank EES
screen. (Similar problems and their solutions can be obtained easily by modifying numerical values).

P1=1 "atm"
P2=16 "atm"
P_mid=SQRT(P1*P2)

"Some Wrong Solutions with Common Mistakes:"
W1 P=(P1+P2)/2 "Using average pressure"
W2_P=P1*P2/2 "Half of product"

7-256 Helium gas enters an adiabatic nozzle steadily at 500°C and 600 kPa with a low velocity, and exits at a pressure of 90
kPa. The highest possible velocity of helium gas at the nozzle exit is

(a) 1475 m/s (b) 1662 m/s (c) 1839 m/s (d) 2066 m/s (e) 3040 m/s
Answer (d) 2066 m/s

Solution Solved by EES Software. Solutions can be verified by copying-and-pasting the following lines on a blank EES
screen. (Similar problems and their solutions can be obtained easily by modifying numerical values).

k=1.667

Cp=5.1926 "kJ/kg.K"

Cv=3.1156 "kJ/kg.K"

T1=500 "C"

P1=600 "kPa"

Vell=0

P2=90 "kPa"

"s2=s1 for maximum exit velocity"

"The exit velocity will be highest for isentropic expansion,”
T2=(T1+273)*(P2/P1)"((k-1)/k)-273 "C"

"Energy balance for this case is h+ke=constant for the fluid stream (Q=W=pe=0)"
(0.5*Vvel172)/1000+Cp*T1=(0.5*Vel272)/1000+Cp*T2

"Some Wrong Solutions with Common Mistakes:"
T2a=T1*(P2/P1)"((k-1)/k) "Using C for temperature"
(0.5*Vvel172)/1000+Cp*T1=(0.5*W1_Vel2"2)/1000+Cp*T2a
T2b=T1*(P2/P1)"((k-1)/k) "Using Cv"
(0.5*Vvel172)/1000+Cv*T1=(0.5*W2_Vel2/2)/1000+Cv*T2b
T2c=T1*(P2/P1)"k "Using wrong relation"
(0.5*Vel172)/1000+Cp*T1=(0.5*W3_Vel2/2)/1000+Cp*T2c
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7-210

7-257 Combustion gases with a specific heat ratio of 1.3 enter an adiabatic nozzle steadily at 800°C and 800 kPa with a low
velocity, and exit at a pressure of 85 kPa. The lowest possible temperature of combustion gases at the nozzle exit is

(a) 43°C (b) 237°C (c) 367°C (d) 477°C (e) 640°C
Answer (c¢) 367°C

Solution Solved by EES Software. Solutions can be verified by copying-and-pasting the following lines on a blank EES
screen. (Similar problems and their solutions can be obtained easily by modifying numerical values).

k=1.3

T1=800 "C"

P1=800 "kPa"

P2=85 "kPa"

"Nozzle exit temperature will be lowest for isentropic operation”
T2=(T1+273)*(P2/P1)"((k-1)/k)-273

"Some Wrong Solutions with Common Mistakes:"
W1_T2=T1*(P2/P1)"((k-1)/Kk) "Using C for temperature"
W2_T2=(T1+273)*(P2/P1)((k-1)/k) "Not converting the answer to C"
W3_T2=T1*(P2/P1)"k "Using wrong relation"

7-258 Steam enters an adiabatic turbine steadily at 400°C and 5 MPa, and leaves at 20 kPa. The highest possible percentage
of mass of steam that condenses at the turbine exit and leaves the turbine as a liquid is

(a) 4% (b) 8% (c) 12% (d) 18% (e) 0%
Answer (d) 18%

Solution Solved by EES Software. Solutions can be verified by copying-and-pasting the following lines on a blank EES
screen. (Similar problems and their solutions can be obtained easily by modifying numerical values).

P1=5000 "kPa"

T1=400"C"

P2=20 "kPa"

s2=sl
s1=ENTROPY(Steam_IAPWS,T=T1,P=P1)
x2=QUALITY(Steam_IAPWS,s=s2,P=P2)
moisture=1-x2
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7-211

7-259 Liquid water enters an adiabatic piping system at 15°C at a rate of 8 kg/s. If the water temperature rises by 0.2°C
during flow due to friction, the rate of entropy generation in the pipe is

()23 WK (b) 55 W/K (c) 68 W/K (d) 220 W/K (e) 443 W/K
Answer (a) 23 W/K

Solution Solved by EES Software. Solutions can be verified by copying-and-pasting the following lines on a blank EES
screen. (Similar problems and their solutions can be obtained easily by modifying numerical values).

Cp=4180 "J/kg.K"

m=8 "kg/s"

T1=15"C"

T2=15.2"C"
S_gen=m*Cp*In((T2+273)/(T1+273)) "W/K"

"Some Wrong Solutions with Common Mistakes:"
W1_Sgen=m*Cp*In(T2/T1) "Using deg. C"

W2_Sgen=Cp*In(T2/T1) "Not using mass flow rate with deg. C"
W3_Sgen=Cp*In((T2+273)/(T1+273)) "Not using mass flow rate with deg. C"

7-260 Liquid water is to be compressed by a pump whose isentropic efficiency is 75 percent from 0.2 MPa to 5 MPa at a
rate of 0.15 m*/min. The required power input to this pump is

(a) 4.8 kW (b) 6.4 kW () 9.0 kW (d) 16.0 kW (e) 12.0 kW
Answer (d) 16.0 kW

Solution Solved by EES Software. Solutions can be verified by copying-and-pasting the following lines on a blank EES
screen. (Similar problems and their solutions can be obtained easily by modifying numerical values).

V=0.15/60 "m~"3/s"

rho=1000 "kg/m"3"

v1=1/rho

m=rho*V "kg/s"

P1=200 "kPa"

Eta_pump=0.75

P2=5000 "kPa"

"Reversible pump power input is w =mv(P2-P1) = V(P2-P1)"
W_rev=m*v1*(P2-P1) "kPa.m"3/s=kW"
W_pump=W_rev/Eta_pump

"Some Wrong Solutions with Common Mistakes:"

W1 Wpump=W_rev*Eta_pump "Multiplying by efficiency"

W2_Wpump=W_rev "Disregarding efficiency"
W3_Wpump=m*v1*(P2+P1)/Eta_pump "Adding pressures instead of subtracting"
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7-212

7-261 Steam enters an adiabatic turbine at 8 MPa and 500°C at a rate of 18 kg/s, and exits at 0.2 MPa and 300°C. The rate
of entropy generation in the turbine is

(@) 0 kW/K (b) 7.2 kW/K (©) 21 kW/K (d) 15 kW/K (e) 17 kW/K
Answer (c) 21 kW/K

Solution Solved by EES Software. Solutions can be verified by copying-and-pasting the following lines on a blank EES
screen. (Similar problems and their solutions can be obtained easily by modifying numerical values).

P1=8000 "kPa"
T1=500 "C"

m=18 "kg/s"

P2=200 "kPa"

T2=300 "C"

s1=ENTROPY(Steam_IAPWS, T=T1,P=P1)
s2=ENTROPY(Steam_IAPWS, T=T2,P=P2)
S_gen=m*(s2-s1) "KW/K"

"Some Wrong Solutions with Common Mistakes:"
W1_Sgen=0 "Assuming isentropic expansion”

7-262 Helium gas is compressed steadily from 90 kPa and 25°C to 800 kPa at a rate of 2 kg/min by an adiabatic
compressor. If the compressor consumes 80 kW of power while operating, the isentropic efficiency of this compressor is

(a) 54.0% (b) 80.5% (¢) 75.8% (d) 90.1% (e) 100%
Answer (d) 90.1%

Solution Solved by EES Software. Solutions can be verified by copying-and-pasting the following lines on a blank EES
screen. (Similar problems and their solutions can be obtained easily by modifying numerical values).

Cp=5.1926 "kJ/kg-K"
Cv=3.1156 "kJ/kg.K"
k=1.667

m=2/60 "kg/s"

T1=25"C"

P1=90 "kPa"

P2=800 "kPa"
W_comp=80 "kW"
T2s=(T1+273)*(P2/P1)"((k-1)/k)-273
W_s=m*Cp*(T2s-T1)
Eta_comp=W_s/W_comp

"Some Wrong Solutions with Common Mistakes:"
T2sA=T1*(P2/P1)"((k-1)/k) "Using C instead of K"

W1 _Eta_comp=m*Cp*(T2sA-T1)/W_comp
W2_Eta_comp=m*Cv*(T2s-T1)/W_comp "Using Cv instead of Cp"
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7-213
7-263 ... 7-268 Design and Essay Problems
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