Chapter 7 ENTROPY Sheet No. (7)

Entropy and the Increase of Entropy Principle

Q1) Yes. Because we used the relation (QH/TH) = (QL/TL) in the proof, which is the defining relation
of absolute temperature.

Q2) 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.

Q3) No. Because the entropy of the surrounding air increases even more during that process, making
the total entropy change positive.

Q4) Itis possible to create entropy, but it is not possible to destroy it.

Q5A) Sometimes. Q5B) Never. Q5C) Always. Q5D) Increase. Q5E) Increases. Q5F) Greater than.

Q6) They are heat transfer, irreversibilities, and entropy transport with mass.

Q7)Yes, because an internally reversible, adiabatic process involves no irreversibilities or heat transfer.

Entropy Changes of Ideal Gases
08) No. The entropy of an ideal gas depends on the pressure as well as the temperature.

09)

s Q10)
For ideal gases, ¢, = ¢, + R and
PV, BY v, T.R For an ideal gas, dh = ¢, d1 and v=RI/P. From the second Tds relatior
I, L, [T ) dh vdP ¢,dF RT dP dT _dP
I=E—_—-— ————
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-5 =c,In |+le:__ Integrating
41 k) { T, B
T :_«—;]=rl.:.l1:|.!—'|—R —
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Reversible Steady-Flow Work

Q12) 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.

Q13) 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.

Q14) 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.
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Problems
Entropy and the Increase of Entropy Principle

Q1)

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 h1 = h2 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

E, - 'Ecu.l: = j"En'.'.HLHI:I faady) =0
Rty of ma ssargy famatir of changa i iteamal, ki S T
PrIEEEI Redden el e
E:i:n = 'Ecu.: T=comst. | & 12KW
Tl-_j':. = ch: ) _'_____--""-- }
Therefore,  Qout =Win = 12 kW T

B
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
o, _12KW

AS, = — T o = -0.0403 KWK
T 298 K

3]
Q2)
Analysis (a) This is a reversible isothermal process, and the entropy change during such a process is given by A S= Q/T
Noting that heat transferred from the source is equal to the heat transferred to the working fluid, the entropy
changes of the fluid and of the source become

Opss _ Ynsua _ 900 K]

AS. .= =1.337 kI'K
td e ress  Tama 673K B
¢ Source,
o . .
(B) AS e = % =- "j’:" — == g;_:g ;‘T = -1.337 kI/K ,Jhi”_”i_';”
= = ' A 000k
(¢} Thus the total entropy change of the process 1=

S TAS g =ASp L +AS, _ =1337-1337=10
Q3)
Analysis (a) This is a reversible isothermal process, and the entropy change during such a process is given by
A S= Q/T Noting that heat transferred from the working fluid is equal to the heat transferred to the sink,

the heat transfer become
Heat

Ouuis = TamaSamg = (355 R)-0.7 BuwR )= -388.5 Blu — Oy e = 388.5 Biu

95°F

i 4

(b} The entropy change of the sink 15 determmed from

Quuin _ 3885 Btu
T.a 355K

AS iy = = 0.7 BtwR

(¢} Thus the total entropy change of the process 1s
Sg.m = .:'.«Sw = dSﬂ'ﬂJd_j"Edﬂ: =407+07T=0

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

Carnot heat engine



Q4)

Analysis Noting that both the refrigerant and the cooled space undergo reversible isothermal processes, the
entropy change for them can be determined from A S= Q/T (a) The pressure of the refrigerant is
maintained constant. Therefore, the temperature of the refrigerant also remains constant at the saturation

value,

T =T asip =-1536°C=25T4K (Table A-12)
Then, B-1344

0. . 180 kJ 160 kPa
AS gy = T = 0.699 kJIK /1e0wr
e g 2574K L
5oc )
(5) Similarly, (:_ _
Cipacsone _ 180KJ
AS g =~ = = 0672 kJIK
T e 68K

{¢) The totzl entropy change of the process is

Sgan = Sromt = ASrugigaram + ASypace = 0.699 —0.672 = 0.027 kJIK
Entropy Changes of Pure Substances
Q5) From the steam tables

B =200kPa | o =0.95986 m’ kg : &

I =150°C |5, =72810kIkg-K H,0 '

. 200 kPa
T, =40°C vi—v;  0.95986—0.001008
2 xp=—mL - - =0.04914 e
Yy =¥ v 19.515—-0.001008

5y =5;tEyE g = I].ET"H—I:ﬂ.l:l-l‘gl-l_:l:?_ESH;I: 09499 kI'kg -E
The mass of the steam 15

v 0.020 m*
m=—=———— =0 02084 ke
vy 095986 m” kg
Then the extropy change of the steam dwmg this process becomes

AS =mlzy —5,)=(0.02084 kz)0.9499 - 7.2810) kT ks - K = —0.132 kJIK

Q6) (a) From the refrigerant tables



wp =u, +xu g =3828+(0.4)186.21)=112.76 kIkg

=200 kPa e
A o : 51 =5, +35 5 =0.15457+(0.4)0.78316) = 0.4678 kI kg -K
e vy = v, +xw e =0.0007533+(0.4)0.099867 - 0.0007533) = 0.04040 m* kg
Ay — —_
L L
5 ¥
P, = 400 kP &
. Uowy=u +_'I:-.njg—5361+|:ﬂ7357‘:1?145|—19334k]'kg
P': = |'-l'1 %

TEy=sgtxsg =0 14?-151+Ll] T857 III 67929)=0.7813 1k -E

¥

The mass of the refrigerant 1=

v 05
- =—=—“‘3=11331;g
v 004040 m- kg

Then the entropy change of the refrigerant becomes
A8 em = mis; — )= (12.38 kg )} 0.7813 - 0.4678) klkz -K = 3.380 kI/K

(b)) We take the tank as the svstem. This 15 a closed system since no mass enters or leaves. Moting that the
volume of the system 1= constant and thus there 1= no boundary work, the energy balance for this stationary

closed system can be expressed as

Ep—Ew = "!"E".'hm
Nat ¢ tramafar wmm:km B-134a
by hzat, and mass potsatial st anergios 200 kPa Q Source
@ =AU =miuy — ) A 350C
Substituting,

0. =mluy —uy )= (1238 kg (19834 -112.76) = 1059 kJ

The heat transfer for the source 15 equal 1n magmitude but opposite mn direction. Therefors,
th_m= - Qunh_.u.=' 1059 kT

and

.as._m=—g;m“’= W0S9KT _ 3 430 kIK

P IEE
(¢} The total entropy change for thas process 15
A5 =d5=}__m + A5 e = 3880+ (—3.439}=D.-I--I-1 EIK

Q7) From the steam tables
F =100 %Fa } v = v, +xug = 0.001+(0.25)01.6941-0.001) = 0.4243 m’ kg

x =023 5 =5;+xs, =1.3028+(0.25(6.0562) = 28168 kIkgz - K 1,0
2kg
w=v | 5 = 68649 Wke K 100 kPa

sat. vapor J

Then the entropy change of the steam becomes
A5 =mls, — 5 :I= (2kgh6.8649 -2 81683 k1ks - K=8.10 KI'K




Q8)

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 The power input to an adiabatic compressor will be a minimum when the compression process

is reversible. For the reversible adiabatic process we have s2 = sl. From the refrigerant
tables

_ _ 3,

B=160kps | V1 T Vemsnim T 01298 mke 7
Ly = s m = 24111 kD ke

Ta = Sp@lSIkPa T 09419 kTkeg K

P, =900kPa
z * Lk, = 27706 kIkg d

SAL Vapor

Also,

There is only one inlet and one exit, and thus m1=m2 =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

ﬁ-"h +mhy =mhy, (znCE 0 = Ake = Ape = )
Substituting, the minimum power supplied to the compressor 15 determined o be

W, =(0.27 kg/sf277.06 - 241.11) kIkg = 9.71 kW
Q9)

Analysis From the steam tzbles (Tables A-4 through A-6),
I= ED{I‘“C] u) = Hggmere = 2594 2 kTke

satvapor | %) =5 amec =64302kIkg K H,0
) 2MeC
P, =800kPa| w,=26311kI%kg sal. vapor
T, =T, |5, =6817TkIkz K T= ‘”DE‘E
=
The heat ransfer for this reversible 1sothenmal process can be determined from — ¢

O=TAS=Tmls, — 5 |=(4TIE}]1 2 kgl(6.8177 - 6.4302)k] kg - K =2119.9 kJ
We take the contents of the cylinder as the system. This 15 a closed system since no mass enters or
leaves. The energy balance for this closed system can be axpresszed as
Ep—Epu = :"'E::.'nnm
Noteoargy THGSH  Chamgs in mtermal kinstic,
by heat, weork and mass potantial str anargias
On — Wy ou = AU =mluy —my)
rﬁl,-:u.l: = 0p —miuy; —m)
Substituting, the work done dunng this process 15 determuned to be

Wy =219 9T — (1.2 kg}(2631.1-2594.2) k1 kg = 1756 kd



Entropy Change of Incompressible Substances

Q10)

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 o =997 kg/m3 and cp = 4.18 ki/kg.” C. The
specific heat of copper at 27° Cis cp = 0.386 kJ/kg.” C.

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

E -E. = AE

- syviem
et ¥ ransfar Change in internal, kinstic,
by b, . and mzss pomorial afc. enargie:
0= AL

ar,

AUgy + AU e = 0
[me(Ty — )y +Imells — 1) ape =10

where
m_.. = oV = (997 kg'm’)(0.120 m*) = 119.6 kg
Using specific heat values for copper and homd water at room femperature and substituting,
(50 kg)(0.386 kg - "C)(T, —80)°C + (1196 kg)(4.18 kIkg - "C)(T, - 25)°C =0
I=17.0°C
The entropv generated dunng this process 15 determined from
(300.0K

(T} :
= = =15 ! . = — s |
AS, m.:“.glni.- 7 E (50 kg)0386 kIkg K) ].mll _ E 3.140kIE
iy -  (300.0K)
AS e = ME g L|1|.~EI =(119.6kz {418 kIke K| ].mll T =31344kIE
Thus.
AS e = AS e + A5y = —3.140 +3.344 = 0.204 kJ/K
Q11)

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 cp = 4.18 kJ/kg.” C. The specific heat of iron at room temperature is

cp=0.45 kl/kg.” C

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



Farfe < S
by et ek, and s ot i sngien
0= ALT
or, AU + AU =0
[me(Tz — D) ism + [Me(T2 — T ) Jiaee = 0
Substituting,

(25 kz)(0.45 klkg - )T, — 350°C) + (100 kg)(4.18 klkg -K)}T, —18°C) = 0

WATEER
T = 26.7°C laec

The entropy generated d.m'j::g this process 15 determined from .
209 7K

AS 25 ke )[0.45 KIke- K}In| =821 LK
653K |

e =g
2987 K

AS ln| r3
wakr | Mqg il T
= T

= (100 ke)4.18 KTk - K]Ilu| F 12314KTK

Thus,
Spm = Alpy = A5 +AS L, =-8232412314 = 4.08 kIK

Discussion The results can be improved somewhat by using specific heats at average temperature

Q12)

Assumptions 1 Both the water and the iron 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 ciron = 0.45 kd/kg.C and  Ccopper =0.386 ki/kg.” C.
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

s

A = MEp 11:_ |- (50 kg)0.45 kIkg K]ln| 33”: | =-4.579 kIK
M B
T ) (188K s
A e = m.:“.sln‘ 3 F_ LSTLETK
We take both the ron and the copper blun:ks, as the
system. This 15 a closed sysiem since no mass crosses
the system boundary dunng the process. The energy
balance for this systeny can be expressed as
~ Ot = AU = AUjron + AU coppar
or,
O = [me(l) — D) kieg +me(l) — I ) oppar
Substituting,
Qe = (30 kg )0.45 kIkg - K J353 - 288K + (20 kg J0.386 kl/kg - K 353 - 288 K
=1964 kJ
Thus,
ASig, = Oitain _1964KT _ o1k
T, 288K

Then the total entropy change for this process 1z
AS g = A5+ .-:-.,S-m +AS,, =—-4379-1.5T1+6.820 = 0.6TO RI'K



Entropy Changes of Ideal Gases

Q13)
Properties The gas constant and molar mass of oxygen are R = 0.2598 kJ/kg.K and M = 32 kg/kmol

(Table A-1).
Analysis The constant volume specific heat of oxygen at the average temperature is

g 485
T = M =429K — ¢, = 0600 kIkz K
T, ]
T, A
53 =5 = 6y g lnT;— RBln 7, D:_\
S0 E 0.1 m ke 08m ke
=(0.690 kTkg -K JIn +(0.2598 Tkz E)ln——— 5
298 K 0.8 m’ kg
=-0.105 kl/ks - K
Q14)

Assumptions At specified conditions, CO, can be treated as an ideal gas with constant specific heats at
room temperature.

Properties The specific heat of CO2 is cv = 0.657 kJ/kg.K (Table A-2).

Analysis Using the ideal gas relation, the entropy change is determined to be

BV RV I, P 150kPa

T, T L, B lo0kPa =13
Thus,
AS =misy =5 )=m r?_n?]n%+ R]nﬂ&n..; =M, g ]
—(27ke)0.657 Kk E)nflS)
=0.719 KJK
015)

Assumptions 1 At specified conditions, N2 can be treated as an ideal gas. 2 Nitrogen has constant
specific heats at room temperature.
Properties The gas constant of nitrogen is R = 0.297 kJ/kg.K (Table A-1). The constant volume specific
heat of nitrogen at room temperature is cv = 0.743 kJ/kg.K (Table A-2).
Analysis From the polytropic relation,

=1 - =1

| 4l —r =j']| “ —@Book)2ft=3693K
I L) B vy ) ' e
Then the entropy change of niftrogen becomes -
i T ) o
|':I.S_,r: =m:, rb.lu.sl.n?_'—_ﬁ]nH | =g

=(1.2 kgll

0743 Ik - E|ln———
IME

BRI K

+(0.297 Klkg - K)1n{0.5) . = —0.0617 kK



Q16)

Assumptions 1 At specified conditions, air can be treated as an ideal gas. 2 The process is specified to be
reversible.

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

Analysis (a) Noting that the temperature remains constant, the entropy change of air is determined from
T. &0

AS . € g I —.FE].I:i=—RJ1ﬂ
T R R
. 400 kPa |
= —|0.287 k.T"kg-K!.uI 2 |=—-0.428 Elksz K
| 90kPa | AR
| | >4
Also, for a reversible 1sothermal process, T = const

g=TAs = |:193 Ej-0428 klkz-K)=-1254klks — B = 1254 kT kg
(b) The work done during this process 15 determined from the closed system energy balance,
£y - 'Ec-:_ = i"“E".}-.'.n:n
et anergy mmsfi el
Ty bsaart, wrork, and mass
W= Oy =AU =me (I; -1 =0
Wi = G = 1254kl kg

Changs in miemal kinotic,
potantial, s, emargies

Q17)

Assumptions 1 Air is an ideal gas with constant specific heats. 2 The nozzle operates steadily.
Properties The properties of air at room temperature are cp = 1.005 kJ/kg.K, k = 1.4 (Table A-2a).
Analysis The exit temperature is determined from ideal gas isentropic relation to be

-, (=1} 100 kP3 0414

T, =T, =2 = (400+273 K] | =37sK
-y | 500 %P2 |

We take the nozzle as the svstem, which 15 a control volume. The energy balance for this steady-flowr
system can be expressed in the rate form as

. _ : 0 (smdy)  _
En—Enm = &‘Ei}m =0

Batw of setemergy ansfar R of chamge in mrernal kinstic,

by bsat, wock, and mass potential etc ansrgies

iy + ¥ 12) = mhy +F512)

Eo=En 1 AR 2
;--"'"-F.-Fr—'_‘-'_‘-ﬂ-‘

0= by —hy + 220

g

.

o
0=cp(l-Ti)+—2

Therefore,

Vy = 2c (T2 —T1) = /20 005 kI kg E)(673-371.5)K = 778.5 m/s



Q18)

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

Properties The specific heat of air at room temperature is cv = 0.718 kJ/kg.K (Table A-2a).

Analysis (a) The entropy change of air is determined from

A, =me, l1:1i
T
Air
1T 4+ 37
— Ske)(0.TISkI kg K)ln o T2 DK 5 kg
(3:-"_:?3)}{ 3:?'-0(:
=—2.488 kJIK 100 kPa
(b) An energy balance on the svstem gives
QCLI.I: = mru(-rj _-T]:]
=(Skgi0. 718 kI kg K}327 - 2T) I 1
=1077K] T T _ /
alr
The snfropy change of the smroundings 15 -
1Tk , "
sy = 2o 10T M 5 5043k e e .
I 3ME 1 - )
The entropy change of unrverse due to this process 15

Som = AS = AS, +AS_ = -2488+3.59 =110 kJ/K

22

Reversible Steady-Flow Work

Q19)

Assumptions 1 Liquid water is an incompressible substance. 2 Kinetic and potential energy changes are

negligible. 3 The process is reversible.

Properties The specific volume of saturated liquid water at 20 kPa is v1 = vf @ 20 kPa = 0.001017

m3/kg (Table A-5).

Analysis The power input to the pump can be determined directly from the 2 steady-flow work relation

for a liquid,
Wi =il | wdP+Aake™ + Ape® | = mey (P~ B)
! 4
Substituting,
. _ , 3 o] . Ik] ..i
ﬂ"’in = (45 kg/=30.001017 m™ kg We00D — 200kPa — = |~ 27
| 1kPa-m™ |

Q20)

-

45kgs ‘

4 kW

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 v1 = 0.001 m3/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,

10



Pa

W = i | vdP + Ak +4pe” | = sy (B - B)
Thus, ; 25 KW
25 kJ/s = (5 ke/=)(0.001 m*/ke) (B ~ L00)k Pa| —— | P 3
- |1kPa.-m” }
It yields P, =5100 kPa
100 kPa

Q21)

Assumptions 1 Liquid water is an incompressible substance. 2 Kinetic energy changes are 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 v1 = 0.001 m3/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,

p,=5MPa |
Wy = m:-.j'l:udP—.ﬂks*;c + Ape | =mflB - B+ zlz -z )
Thus, -. I
Tkl = m.[(n.nm m* kg)(5000 - uu:.kpzf LET . | +(9.8 m/s* )10 m}!-.LIL:E_‘-.I:]
| 1kPa-m? | 1000 m?/s* |
It vields

m=141kg's

Isentropic Efficiencies of Steady-Flow Devices

Q22) 7-101C 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 mput nd _ actual exit kmeticenergy

insentropic work output = © actual work input ¥ 1nsentropic exit kinetic energy

Q23)

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 steam tables (Tables A-4 through A-6),
P, =8 MPa
_ T, = 500°C
F, =8MPa k) =339935 kIke
I =3500°C 151 =8.T266 kIke - K
., S35 T266-0.
P, =30kPa ry, =22 Sp_67266-09441 ...
1 - 55 6.8234
Dy, =hy +xy,he =289.27+(0.8475)2335.3)=2268.3 kl/kg

1 =41

From the 1sentropic efficiency relaton,
P, =30kPa

n = ’:‘Il::‘m —3 by, = by =1 (b —hy, ) =3399.5-(0.9)3399.5 - 2268.3) = 2381 4 kl/kg

11



Thus

Ba=30kPa ., - §9.09°C

hy, = 23814 k/kg |20 C@0ER T

(b) There is only one inlet and one exit, and thus m1 =m2 =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

Ep =Eo
wihy =W, . +mhy (since O = Ake = Ape = 0)
Wy o = mily — hy)

Subshtutng,
W, o = (3kE/s)3399.5- 23814 kIkg = 3054 kW

Q24)

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),

A=7MPz | Ih=3650.6klks
T, =600°C |5, =7.0910k1kg-K

P, =50kPa)
:  hy, =2780.2 kTikg
T,=150°C | °

There is only one inlet and one exit, and thus m1 = m2 =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

Ei.n = Ecu.l:
iy +F7 12 =W, __ +m(hy +F72/2) (since O = Ape = 0) 3

il 7
I:l'f. _ IE;

;ﬁ:'a.-:u.: = _?'i‘: by —hy+

[ B

12



Substtutng, the mass flow rate of the steam 15 deterpuned to be

( Wme)? (@0 m=)? | 1kke )
6000 kJ/s =i 2780.2 - 3650.6+ L0 m=)” - B0mis)” {_ 1kTke |
: 2 L1000 m*/5* /)

m=695 kg'z

(5} The 1sentropic exit enthalpy of the steam and the power output of the i=entropic furbine are
15 ~ 5y _ T.0910-1.0912

Py, =50kPa | x5, = =0.9228
o | - ER 6.5019
270 hy, =hg +xp,hg =340 54+ (0.9228)2304.7)= 2467 3 kTkg
and
W, o = —sitlhy, — iy + 72 =72 )r2})
W, = —{6.95 keis] 246733650 64 20/ ~E0mi)7 [ TkTke |
T 1 2 | 1000 m=/5= )
=8174kW
Then the 1=entropic efficiency of the hubine becomes
W, 6000 kW
== _ =(0734=T34%
W, B1T4KW
Q25)

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),
L =300KE —s m=30019kI/ks. B =1386

L,=550K — hy,=55474kI/ke

From the 1sentropic relation,

B} {600kPa) .

—= B =| 1.386)=8.754 — 3 h,, =508.72 LIk

FI AR : s

Then the 1zentropic efficiency becomes

_hy,—hy _ 50872-30019
by, =k 53474-30019

|

=

- |
I-

=0512=581.9%

1.

(b} If the process were 1zentropic, the exit temperature would be

K

i

hy, =3508.72kT kg —— T, =505

Q26)

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), There is only one inlet and one exit, and thus m1 = m2 =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

13



E, =E,

mlhy + 77 /2) =mihy = F512) (since W =0 = Ape = 0)

1+
i:'r'\.l - F]_]:r
|Ir-'- _ —_——
N
Substituting, the exit temperature of air 15 deternuned to be R
’ , 42 'l ATR
(800 &/sF —0( 1BtwTbm | 1 >
=363 89 klkg—- —— [=351.11 BruTem = DRy
" : 2 125037 877 =
From the air table we read T, = 14313 K
From the 1sentropic efficiency ralation n,= H .
y =

hy, =y +(hy, —hy)im =36389+(351.11-363 89)/(0.90)= 34969 Btulbm — P_ = 4604
Then the exat pressure 15 determmed from the 1sentropic relation to be

46.04
33.04

=1 Pr A Ly
E_= : 4 B= ||:_ﬁ':lp513;|=:"-:.l psia
A

."Pr k! -
—2 _':H:
'F:'l '-'F:'l.- |‘~

2
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