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

().

15 MPa

FIGURE P7-58

Solution Ap adiabatic pump is used to compress saturated liquid water in a reversible manner. The work
input is to be determined by different approaches.

Assumpftions 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, =10kPa) |
P 5, = 0.6492 kI/kg
e v, =0.001010 m> kg 15 MPa T
P, =15MPa | h, =206.90 kl/kg ‘
S, =5, Jv, =0.001004 m> kg
. D 10 kPa
(a) Using the entropy data from the compressed liquid water table
— LN
wp =hy, —h; =206.90-191.81=15.10 kJ/kg

(») Using inlet specific volume and pressure values
wp =v, (P, —F)=(0.001010 m>/kg)(15.000—10)kPa = 15.14 kJ/kg
Error = 0.3%
(b) Using average specific volume and pressure values
Wp = Vg (B — R) = [1..-"'2(0.001010 +0.001004) 1113..-"kgk15.000 —10)kPa =15.10 kJ/kg
Error = 0%

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



7-90 Water enters the pump of a steam power plant as saturated liquid at
20 kPa at a rate of 45 kg/s and exits at 6 MPa. Neglecting the changes in
kinetic and potential energies and assuming the process to be reversible,
determine the power input to the pump.

Solution Liquid water is pumped reversibly to a specified pressure at a specified rate. The power input to
the pump 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.

Properties The specific volume of saturated liquid water at 20 kPa is vy = ¢rg 20 12 = 0.001017 1113.-"kg
(Table A-5).

Analysis The power input to the pump can be determined directly from the 2
steady-tflow work relation for a liquid.

. (a2 )
Win = 1l I wiP + Ake™® + Ape®” ‘: i, (P, —B)
1

Substituting,

W = (45ke/s)(0.001017 1113--"ng<6000_:mkpa[&3 ~ 274 KW
1kPa-m




7-91 Liquid water enters a 25-kW pump at 100-kPa pressure at a rate of 5
kg/s. Determine the highest pressure the liquid water can have at the exit
of the pump. Neglect the kinetic and potential energy changes of water,
and take the specific volume of water to be 0.001 m*/kg. Answer: 5100
kPa

P;
PUMP |:|3
25 kW
100 kPa
FIGURE P7-91

Solution 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.

. (a2 \ P,
W, = n':['[ WP + Ake®® + Ape&DJ =iy (P, - B)
1
Thus, 25 KW
_ _ (1K PUMP 3
25 kJ/s = (5 kg/s)(0.001 1113.--"1(_9)(4?3’2 —-100)k Pa) ——
\ 1 kPa-m

4

It yields P, =5100 kPa
100 kPa



7-93 Consider a steam power plant that operates between the pressure
limits of 10 MPa and 20 kPa. Steam enters the pump as saturated liquid
and leaves the turbine as saturated vapor. Determine the ratio of the work
delivered by the turbine to the work consumed by the pump. Assume the
entire cycle to be reversible and the heat losses from the pump and the
turbine to be negligible.

Solution A steam power plant operates between the pressure limits of 10 MPa and 20 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.

Properties The specific volume of saturated liquid water at 20 kPa is v; = g 2 ko = 0.001017 m’/kg
(Table A-5).

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

§1= 57 and s3 = s4. Then the properties of the steam are

P, =20kPa l hy =hg@aoipa =2608.9 kl/kg 2 .
saryapor J-S'4 =Sg@uokpa = 9073 klkg-K >
B=10MPa 072k

13 =4707.2 kl’kg

Also, 1 = Urgaokpa = 0.001017 1113.-"kg.

The work output to this isentropic turbine is determined 1
from the steady-flow energy balance to be
- : _ : F0 (steady) _
Em —-E out - MS}'stem =0
Rate of net energy transfer  Rate of change in internal, kinetic,
by heat. work, and mass potential, etc_energies
Em = Eout
. o ",
iy = mihy + W,

W = 11(hy —hy)
Substituting.
Werbout = /3 — Ny =4707.2-2608.9 = 2098.3 kl/kg

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

2 .
= J‘ vdP + M’e% + ApecﬁO = Vl[Pg - Pl]'
1

Wpump.in

1kJ ‘

=(0.001017 1113.-"'kg)(10.000 - ZOJkPa[ —
1kPa-m” )

s

=10.15 kI/kg
Thus,

Wrorb.out _ 2098.3 —206.7

10.15

"Woump.in



7-95 Liquid water at 120 kPa enters a 7-kW pump where its pressure is
raised to 5 MPa. If the elevation difference between the exit and the inlet
levels is 10 m, determine the highest mass flow rate of liquid water this
pump can handle. Neglect the kinetic energy change of water, and take
the specific volume of water to be 0.001 m3/kg.

Solution Liquid water is pumped by a 7-kW pump to a specified pressure
at a specified level. The highest possible mass flow rate of water is to be
determined
Assumprions 1 Liquid water 1s an incompressible substance. 2 Kinetic P.=5 MPa T
energy changes are negligible, but potential energy changes may be i
significant. 3 The process 1s assumed to be reversible since we will
determine the limiting case.

Properties The specific volume of liquid water 1s given to be v = 0.001
m kg

Analysis The highest mass flow rate will be realized when the entire
process 1s reversible. Thus it 1s determuned from the reversible steady-

flow work relation for a liquad,

T Water
Pi=120%kPa

. ! 7 p . \

m, = ;uh| Jl v dP + Ake®? +Ape | = m{v(P, — B)+g(z, — 7 )}
| J

Thus,

1kike |

——= 5 7
1000 m*/s” ||

. (1T ) ) (
Tklls= mj(t].ﬂﬂl ml.f'.l-:g](SGDD —IEG)kP:{‘ ——— |+ (9.8 m/s7)(10 m)
_ | 1kPa-m™ )

(1

It yields
m=1.41kg/s

7-96 Helium gas is compressed from 100 kPa and 20°C to 850 kPa at a
rate of 0.15 m*s. Determine the power input to the compressor, assuming
the compression process to be (a) isentropic, (b) polytropic with n = 1.2,
(c) isothermal, and (d) ideal two-stage polytropic with n = 1.2.



Solution 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. 1sothermal. and
two-stage compression.

Assumptions 1 Helum 1s 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 = 2.0769 kPam’ ks K. 5
The specific heat ratio of helium 15 F = 1.667 (Table A-2).

Analysis The mass flow rate of heliim 15
. Py, 100 kPa ){0.15 m*/ W
aohYi_ a-}t m’/s) = 0.02465 ke/s He [3
RT; (20769 kPa-m’/kg K |293K)

{a) Isentropic compression with r=1.667:
SN (11} T
[ R 1
Cop. I -1 | J.-D]_ ). J
.

0.667/1.687 1
(1.667)(2.0769 kJ/kg-K)(293 K) | 850 kPa ] 1})
%, A

1.667-1 100 kPa
=50.8 kW i

(B} Polytropic compression with n = 1.2:

=(0.02465 kg/s)

WRT. /P 5 (n=1)/m
: . 1 2
W oompin = P— | — -1
R | \PIJ
%0212 1
1.2)2.0769 kI/kg-K)293 K) |( 850 kP
=(0.02465 kgfs}[ X = f X }{(mo kP:] —11»
=38.6 kW ' ' ’
{(¢) Isothermal compression:
. P 850 kP
W compin = MRT mi: (0.02465 kg/s)(2.0769 kl/kg- K (293 K)].nmn—a =32.1kW

1

(d) Ideal two-stage compression with mtercooling (n = 1.2): In this case, the pressure ratio across each
stage 15 the same. and its value 15 determined from

P, = /PP, = /(100 kPa (850 kPa) = 291.5 kPa

The compressor work across each stage i1s also the same. thus total compressor work 1s twice the
compression work for a single stage:

/P 5 (m=1)/n

x

P )

. . HRT]_
W L =2m

COmp, I -1

n-1 5

i

(1.2)2.0769 kI/kg - K )(293 K)
12-1

- 0212
2915 kPa | 11

=2(0.02465 kg/s)
{ = 100 kPa | |

%,

=35.1kW



7-98 Nitrogen gas is compressed from 80 kPa and 27°C to 480 kPa by a
10-kW compressor. Determine the mass flow rate of nitrogen through the
compressor, assuming the compression process to be (a) isentropic,
(b) polytropic with n = 1.3, (c) isothermal, and (d) ideal two-stage
polytropic with n = 1.3. Answers: (a) 0.048 kg/s, (b) 0.051 kg/s, (c) 0.063
kg/s, (d) 0.056 kg/s



Solution Nitrogen gas 1s compressed by a 10-kW compressor from a specified state to a specified pressure.
The mass flow rate of nitrogen through the compressor is to be determined for the cases of isentropic,
polytropic. 1sothermal. and two-stage compression.

Assumptions 1 Nitrogen 1s an 1deal gas with constant specific heats. 2 The process 1s reversible. 3 Kinetic
and potential energy changes are negligible.

Properties The gas constant of nitrogen 15 R = 0.297 kJ'kg K (Table A-1). The specific heat ratio of
nitrogen 15 k= 1.4 (Table A-2).

Analysis (a) Isentropic compression

: kRT
IT::'arlzq:r,:r:l = mk__l{{p’fﬂ){k I }
of, [ 310kW
2 .
10 k7/s = 5 1440257 :T‘gl K)300K {(430 kPa /80 kPa 414 1
It yields
i =0.048 kg /s
(B) Polytropic compression with n = 1.3:
. . nRT =
W g = 1 1{{Pf31n1|n }
of,
CAL3)0.297 klkg - K 300K /
10 kI/s = it (L3) E gl X ){{480 kPa,/80 kpPa "1 —1}
It yields
i =0.051ke/s
() Isothermal compression:
5 . A ) l"l 480 kPa
[ - =mRTIn— —— 10 ks =m(0.297 kI/kg - K300 K I r—
comp.in . ( g-K)(300K) SokPa
It yields
i =0.063 ke /s

{d) Ideal two-stage compression with mtercooling (n = 1.3): In this case. the pressure ratio across each
stage 15 the same, and its value 15 determined to be

P, =,/RP, = /(80 kPa)(480 kPa) =196 kPa

The compressor work across each stage is also the same. thus total compressor work i1s twice the
compression work for a single stage:

- . mRT (1)
W oompim = 27Wogmp1 = 210 1{}3,}3 n-l)in _ }
or,
10 /s = 273 13K0297 ifkgl' K)(300 K}{[lslﬁ kPa/80 kPa)**** _1}
It yields

i = 0.056kg/s



7-101C Describe the ideal process for an (a) adiabatic turbine,
(b) adiabatic compressor, and (c) adiabatic nozzle, and define the
isentropic efficiency for each device.

Solution 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 n = msentropic work input I actual exit kinetic energy
insentropic work output = " ¢ actual work input  ° ¥ insentropic exit kinetic energy

F}T

7-104 Steam enters an adiabatic turbine at 8 MPa and 500°C with a mass
flow rate of 3 kg/s and leaves at 30 kPa. The isentropic efficiency of the
turbine is 0.90. Neglecting the kinetic energy change of the steam,
determine (a) the temperature at the turbine exit and (b) the power output
of the turbine. Answers: (a) 69.1°C, (b) 3054 kW

Solution  Steam enters an adiabatic turbine with an isentropic efficiency of 0.90 at a specified state with a
spectfied mass flow rate. and leaves at a specified pressure. The turbine exit temperature and power output
of the turbine are to be determined.

Assumptions 1 This 1s a steady-flow process since there 1s no change
with time. 2 Kinetic and potential energy changes are neghgible. 3 Pi=8MPa
The device s adiabatic and thus heat transfer is negligible. T, =3500°C

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

P =8MPa | h =3399.5klkg
P
T; =500°C |5 =6.7266 kikg K
- Sa. — 5§ ) —
Py, =30kPa xy, =2 T G660, g0g
= Sk 6.8234
Fa, =51

Dy, =hg +x3,h g =289.27+(0.8475)(2335.3)=2268.3 kl/kg D —301Pa
L=

From the 1sentropic efficiency relation,

n, = % —— By, =My -1 (I — iy, ) =3399.5-(0.9)3399.5 2268 3) = 2381 4 kl/kg
h—M
Thus,
Py, =30kPa ]

hy, =2381.4 kl/ke Ta = Toyaso e, = 69.09°C

(b) There 1s only one mlet and one exit. and thus sy =, = . We take the actual turbine as the system.

which 1s 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) —
Ep—Epe = AE =0

—_— _—
Rateof netensrgy tansfel  Rage of change in imfernal, kinetic,
by heat, work, and mass potential ete. energies

Eyp = Eqy
rithy =W, . +mh, (since Q = Ake = Ape = 0)
W, o = M0 — I1y)
Substituting,

W, . = (3ke/s){3399 52381 4) ki/kg = 3054 kW



7-106 Steam enters an adiabatic turbine at 7 MPa, 600°C, and 80 m/s and
leaves at 50 kPa, 150°C, and 140 m/s. If the power output of the turbine
Is 6 MW, determine (a) the mass flow rate of the steam flowing through
the turbine and (b) the isentropic efficiency of the turbine. Answers: (a)
6.95 kg/s, (b) 73.4 percent

Solution Steam enters an adiabatic turbine at a specified state, and leaves at a specified state. The mass
flow rate of the steam and the 1sentropic efficiency are to be determined.

Assumptions 1 This 1s a steady-flow process since there 1s no change with time. 2 Potential energy changes
are negligible. 3 The device 15 adiabatic and thus heat transfer 1s negligible.

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

P =7MPa l hy =3650.6 kl/kg
T, =600°C |5, =7.0910kTkg-K

P, =50kPa l
fy, =2780.2 kl/kg
T, =150°C |
There 1s only one inlet and one exit, and thus sy =7, = 7. We take the actual turbine as the system. which

1s a control volume since mass crosses the boundary. The energy balance for this steady-flow system can
be expressed m the rate form as

Ep—Epy = ‘d'Esy:rmn&D G=d) =0 1

m

Rateof i
Ol netenalgy Wansiel  Rate of change in miernzl, kmehe,
by beat, work, and mss Potential etc. epergies

Ep=Eyy 6 MW

iy + T3 12) = W, e +m(ly +F17/2) (since Q = Ape = 0)

( v _p?
W, out =-mI y — iy + 22— ]
.
Substituting, the mass flow rate of the steam 1s determuned to be

(140 m/s)> — (80 m/s)? [ 1kT/ke ]
2 L1000m?/s% )

i

6000 kJ/s =—m| 2780.2 —3650.6+

LY

1 =6.95 ka/s

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

$3: =57  7.0910-1.0912
P, =50kPa P =0.9228
. J - 54 6.5019
7 hy, =hy +xy,h g =340.54 +(0.9228)(2304.7)=2467.3 kl/ke
and
o = —"f:f(’t’z: -+ {(Vzg - ];2}]
Iy 2 2 -
: 140 m/s)” — (80 m/s)? {  1kJ/k
H;M:_(ﬁ_aﬁkg;q 2467.3-3650.6 + A0 W)~ (0 mPs) [ ;g,]]
: L 2 1000m*/s" ) |
=8174kW
Then the isentropic efficiency of the turbine becomes
. 6000 kW
N =—L=—— =0734=73.4%

"W, 8174kW



7-107 Argon gas enters an adiabatic turbine at 800°C and 1.5 MPa at a
rate of 80 kg/min and exhausts at 200 kPa. If the power output of the
turbine is 370 kW, determine the isentropic efficiency of the turbine.

Solution Argon enters an adiabatic turbine at a specified state with a specified mass flow rate, and leaves at
a specified pressure. The 1sentropic efficiency of the turbine 1s to be determined.
Assumptions 1 This 15 a steady-flow process since there 1s no change with time. 2 Kmetic and potential

energy changes are negligible. 3 The device 1s adiabatic and thus heat transfer 1s negligible. 4 Argon is an
ideal gas with constant specific heats.

Properties The specific heat ratio of argon 1s & = 1.667. The constant pressure specific heat of argon 1s ¢, =
0.5203 kJ/kg K (Table A-2).

Analysis There 15 only one inlet and one exit, and thus ry =1, = 1. We take the 1sentropic turbine as the

system, which 1s a control volume since mass crosses the boundary. The energy balance for this steady-
flow system can be expressed in the rate form as

b=k 1
mhy = IT"S:M +rihy, (since O = Ake = Ape = 0)
W, ot = 10y — Iy, 370 kW
From the 1sentropic relations, —
(k-1)/k . - 0.667/1.667
T, Zﬂ(?is :| =(1073 K{%] —479K
Then the power output of the 1sentropic turbine becomes 2

W, qut = 1ic, (T, — T, ) = (80/60 kg/min)(0.5203 kl/kg - K )(1073 —479) = 412.1 kW
Then the 1sentropic efficiency of the turbine i1s determined from
W, 370kW

_ — =————=0.898 =89.8%
TOW, 4121kW

n



7-109 Refrigerant-134a enters an adiabatic compressor as saturated vapor
at 120 kPa at a rate of 0.3 m*min and exits at 1-MPa pressure. If the
isentropic efficiency of the compressor is 80 percent, determine (a) the
temperature of the refrigerant at the exit of the compressor and (b) the
power input, in KW. Also, show the process on a T-s diagram with respect
to saturation lines.

1 MPa

R-134a -
COMPRESSOR |.,—1'

A

Fad o

f
| =

|
Il
120 kPa
Sat. vapor

FIGURE P7-109



Solution Refrigerant-134a enters an adiabatic compressor with an isenfropic efficiency of 0.80 at a
specified state with a specified volume flow rate, and leaves at 2 specified pressure. The compressor et
temperature and power input to the compressor are to be deterouned.

Assumprions 1 Thas 15 a steady-flow process smee there 15 no change with time. 2 Einetic and potential
energy changes are negligible. 3 The device 15 adiabatic and thus beat fransfar 1= neghgible.

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

=120kPa)
! * |51 = @10 ums = 094779 kikz K
FLVIE ] = vgiaes = 016212 mke
B =1MPa |
hy, =28121kIkg
S TR j
From the 1sentropic efficiency relation, 1
|
N = ﬁ—} by, =My +(hy, —ly)im =23697+(281.21-236.97)0.80 = 292.26 kI ’kg
da ™
Thus,
B, =1MPa |

by, = 29226 kTkg | 22000 ©
L =292.26 kTke |

(b} The mass flow rate of the refrigerant 15 determmed from

¥V, 0360mis
M=tz ———— 00308 ke/s
v 016212 m kg
There 1= only cne inlet and one exit, and thus @y =m, =m . We take the actnal compressor as the system,
which 15 a control volume since mass crozses the boundary. The energy balance for this steady-flow system
can be expresszed as

2 _j : S0 (mady)  _
Ey-Ep = AE " ™ =0

Rate of 2t wargy transfar -y imati

by beat, woek, and mass mmiﬁ'ﬂm'

W, +mhy =mh, (since O = Ake = Ape = 0)
Wy = mily —hy)
Substituting, the power input to the compressor becomes,
W, =(0.0308 kg/s)292.26 - 23697 klkg =1.70 kW



7-111 Air enters an adiabatic compressor at 100 kPa and 17°C at a rate of
2.4 m’s, and it exits at 257°C. The compressor has an isentropic
efficiency of 84 percent. Neglecting the changes in kinetic and potential
energies, determine (a) the exit pressure of air and (b) the power required
to drive the compressor.

Solution Air enfers an adiabatic compressor with an 1sentropic efficiency of 84% at a specified state, and
leaves at a specified temperature. The exit pressure of awr and the power 1nput to the compressor are to be
determimed.

Assumprions 1 This 15 a steady-flow process smmce there 15 no change with fime. 2 Emetic and potential
energy changes are neghgible. 3 The device 15 adiabatic and thus heat transfer 1= neghazible. 4 Awr iz an
1deal gas with vanable specific heats.

Properties The gas constant of air is B = 0.287 kPam’/kz K (Table A-1)
Analysis (a9) From the air table (Table A-177,

L=290K —s b =29016 kI'kg, P, =12311

I, =530K —s h,, =533 98 kTkg

2

g 1

h:.l _j]'] :

From the 1sentropic efficiency relation ] =

by, =ty +7]_ (b — By
=290.16+(0.84)533.98-290.16) = 4950 kIkg —— P_ = 7951

F.

Then from the 1senfropic relation |

s

B _1L
R P
(B) There is only one mlet and one exit, and thus my =m: =m. We take the actual compresser as the

system, which 15 a control velume since mass crosses the boundary. The energy balance for this steady-
flowr system can be expressed as

—h_ﬂ:

Py 709517
.} Pa: 7951 (100 kP2) = 646 kP
P | \12311)

LS

E:'m _ -Em - -'-'if-s:.mﬁn (stuady] -0

[ — —
Fatw of ot amargy transfar e of change in imsamal kinetic,
by hsat, work, and ma pointial, sic. anargies

W, +mhy =mk, (since @ = Ake = Ape =0)
Wy = m(hy — )

v 100 kPa)(2.4 m* /s
where H..I:H' L - ( a:]:: m’/s) =288
RN (0287kPa - m™kz-E)N290K)
Then the power mput to the compressor 1= determuined to be
Tm ={2.884 kg/sW533 95 -290.16) kIl kg = TOI KW

4 kz's



7-112 Air is compressed by an adiabatic compressor from 95 kPa and
27°C to 600 kPa and 277°C. Assuming variable specific heats and
neglecting the changes in kinetic and potential energies, determine (a) the
isentropic efficiency of the compressor and (b) the exit temperature of air
If the process were reversible. Answers: (a) 81.9 percent, (b) 505.5 K

Solution Airis compressed by an adiabatic compressor from a specified state to another specified state. The
1sentropic efficiency of the compressor and the exit temperature of air for the 1zentropic case are to be
determmimed.

Assumprions 1 This 15 a steady-flow process smee there 1= no change with hme. 2 Emete and potenhal
energy changes are neghgble. 3 The device 15 adiabatic and thus heat transfer 15 neghable. 4 Air 1z an
1deal zas wath vanable specific heats.
Analysis (a) From the air table (Table A-17)

L=3WE —— I=30019kl'kg .F'I1 =1386 -

L =5350E —s hy, =55474k1kg

From the 1senfropic relation,

"

) [ 600 kPa |,
B =|2|p =| - kl_ﬁﬂﬁ]: 8754 — 5 hs, = 50872 kTkg
| R | 95 kPa

Then the 1zentropic efficiency becomes
_hy, -l 50872-30019

= = =0.819=81.9%
hy, —hy  55474-30019

)

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

hy, =50872kI/kg —— T, =5055K

iFy



7-113 Argon gas enters an adiabatic compressor at 150 kPa and 30°C
with a velocity of 20 m/s, and it exits at 1400 kPa and 75 m/s. If the
isentropic efficiency of the compressor is 80 percent, determine (a) the
exit temperature of the argon and (b) the work input to the compressor.

Solution Argon emters an adiabatic compressor with an isentropic efficiency of 80%: at a specified state,
and leaves af a specified pressure The exit temperanrs of argon and the work ioput to the compressor are
10 be determined.

Assumprions 1 This is a steady-fow process since there iz no change with time. I Potental ensrgy changss

are meglizible. 3 The dewice is adiabatic and thus heat transfer is neglizible. 4 Argon is an ideal gas with

constant specific heafs.

Properdes The specific heat rato of argon is = 16487, The constaot 2

pressure specific heat of arpon is ¢, = 0.5203 kIkg K (Table A-2).

Amalysiv () The Geniropic &xit femperature T, i determined from

.'..P_u_%'lr Wk . ,14E':|kp'ﬂ.

vy B by

The actoal kinstic ensrgy change durins this process is

B -F_(5msf - (20 m'sf* | 1 H.'klg; o281k 1

2 2 | 1000 m=f57 }
The effect of kinstic epsrgy o0 isenmopic efficiency is very small. Therefore, we can take the kinetic

epergy changes for the actual and isemtropic cases i be the same in efficisncy calculations. From the
Bentropic efficiency relation. inchiding the effect of kinetic energy,

L0ty VD el ¥

=T406 E

Akg,

g =M (b —h) AR £, (T, -1, )+ ke, 0. 0.5203(740 6 -303)+ 2.1
W, (h,-h)+Ake c,[Ty, —T,)+ Ak, © TD.5203(T,, —303)+ 261
Tt yiedds I, = 8512K

(51 There is ooly ooe inlet and one exit and thus &, =M, =m. We take the actoal compressor a3 the
systems, which is a cootmol wolome smce mass coosses the boundary. The energy balancs for this steady-
fow system can be expressed as

-E-.n _-E'wl = "Elrﬂi:n:'b == =0

[

Rmizol ro ooy esfer e of chesgsn mional, kisctic
by hewd, work, srel mas potmbsl dr oo

'En ='E.i:l.l

W + 0ty +F)" D) =mlhy +F; ) (since @ = Ape = 0)

Fi-FE)

il
-

W, =why—h+ W =My —hy +Ake

= s
Substitating, the work inpuat o the compressor is determined to be
W, ., =10.5203 kTkg- E¥B512-303)R +2.61 kTkz = 288 kJikg



7-114 Carbon dioxide enters an adiabatic compressor at 100 kPa and 300
K at a rate of 1.8 kg/s and exits at 600 kPa and 450 K. Neglecting the
Kinetic energy changes, determine the isentropic efficiency of the
compressor.
Solution CQ, gas is compressed by an adiabatic compressor from a specified state to another specified
state. The isentropic efficiency of the compressor is o be determined.

Assumpitions 1 This 15 a steady-flow process since there is no change with tume. I Kinetic and potential
energy changes are negligible. 3 The device is adiabatic and thus heat transfer 15 negligible. 4 CO, is an
tdeal gas with constant specific heats.

Properties At the average temperature of (300 + 450)/2 =375 K the constant pressure specific

heat and the specific heat ratio of CO; are k= 1.260 and ¢, = 0.917 kl’kg K (Table A-2). 2
Analysis The isentropic exit temperature T, is
~E=1)7 & - - 0.360/1.260
B, ' { 600 kP
T, = 1"1[ 2 l — (300 K{ 2 —4342K
L A ) 100 kPa |

From the isentropic efficiency relation,
w, =iy el -T) T - 4342-300

¥ _— = — = =)
I wy  hyg—h ep(Tyy—T) T —T;  450-300

=0.895 = §0.5%




7-115 Air enters an adiabatic nozzle at 400 kPa and 547°C with low
velocity and exits at 240 m/s. If the isentropic efficiency of the nozzle is
90 percent, determine the exit temperature and pressure of the air.

Solution Air is accelerated in a 90% efficient adiabatic nozzle from low wvelocity to a specified velocity. The
exit temperature and pressure of the air are to be determined.
Assumptions 1 This iz a steady-flow process since there is no change with time_ 2 Potential energy changes
are negligible. 3 The device i1s adiabatic and thus heat transfer is negligible. 4 Air 1s an ideal gas with
variable specific heats.

Analysis From the air table (Table A-17)
T, =820K —— k) =843 98 kl’kg. F, =52.59

There is only one inlet and one exit, and thus iy = rii; = . 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

Ein - Enm = "iEI'E'f;tem#U Gmm —g
Rateof net elierzy wmsfer  Rare of change i imermal. Kinetic .\
by heat, work, and mass Wﬁa?lmmi
" _ T AR 7
'Eill = E{l.il't 1 My = mu:r;} =

sy + 15 12) = iy +T5/2) (since W =0 = Ape = 0) ___‘—“‘

=1
A

hy =iy ———rn— 3

Substituting, the exit temperature of air is determined to be

240 mis)P -0 16k
hy —843.98 kJ.-'kg—f' mis) = - |=815.18 klikg
2 1000 m=/s
From the air table we read I, =T038 K
hl:r — hl

From the isentropic efficiency relation 57, =

h}.: - hl )
hy, =hy +(hy, —hy )/ =843.98+ (81518843 98)/(0.90)=811 98 klkg —— P, =45.75

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

P‘ PI JP-'\ _." R
1" .p- L[ﬁ:fﬁ' > |f4oﬂk1=~a}=343|sra
R P B | 5250 )



7-117 Hot combustion gases enter the nozzle of a turbojet engine at 260
kPa, 747°C, and 80 m/s, and they exit at a pressure of 85 kPa. Assuming
an isentropic efficiency of 92 percent and treating the combustion gases
as air, determine (a) the exit velocity and (b) the exit temperature.
Answers: (a) 728.2 m/s, (b) 786.3 K

\

260 kPa

7a7c —= NOZIE ——  gskpa
80 m/s Iy =2=%

I

FIGURE P7-117



Solution  Hot combustion gases are accelerated in a 92% efficient adiabatic nozzle from low velocity to a
specified velocity. The exit velocity and the exit temperature are to be determined.

Assumptions 1 This is a steady-flow process sinee there is no change with time_ 2 Potential energy changes
are neglizible. 3 The device is adiabatic and thms 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 (Table A-17)

P, = 260kPa
T, =1020K — h =1068.89 kl’kz. P =123.4 !
1 hl & T T1=?"-1-_|"p'[: }i?-,:l}:"""% P]=Ej kPa
From the isentropic relation | Vi=80ms T
R ™
85 kP

B =[i P =[—a ‘{123_4}=4{].3¢ s Iy, = 78392 kJ/kg

R )" | 260 kPa

A

There is only one inlet and one exit. and thus sy = iy = . We take the nozzle as the systemn which is a

control volume since mass crosses the boundary. The energy balance for this steady-flow system for the
isentropic process can be expressed as

: . F0 (steady)

E,-E = AEem =0
Rate of = Eu.&rg‘fmt'msﬁar ' : :

P—— — -
bybes work mdma - poent o smergiee

w(hy + T3 1 2) = wi(hy, +75/2) (since "= 0 = Ape = 0)

hy, = hy ——22 "1
2

Then the 1sentropic exit velocity becomes

1000 m2/s? |

[
Wy, =T + 20y —hy, ) = (80 mvs) +2(1068.89 — ?53_92}1:1-*1-;[;[ ‘ =759.2 mfs
- T 1k/kg

L
Therefore,

Vg =0, Vs = M{?ﬁgz m's)=T728.2 m/s
The exit temperature of air 1s determined from the steady-flow energy equation,
(7282 nusf — (80 nvsf' | 1kIikg
2 | 1000 m*/s?
From the air table we read T, = 7863 K

hy, = 1068.89 kIkg — J — 806.95 kl/kg



