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7-66  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, (¢) average specific volume and pressure
values. Also, determine the errors involved in parts (£) and (c).

115 MPa

lOkPaT

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

- 4 L

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 .
s e s; =0.6492 kl/kg
" v; =0.001010 m’ /kg 15 MPa Y
,» =15MPa | h, =206.90kJ/kg
$, =8 v, =0.001004 m* /kg ‘
(a) Using the entropy data from the compressed liquid water table HikED
—> L\

wp =hy — Iy =206.90 —191.81=15.10kJ/kg



(b) Using inlet specific volume and pressure values
wp =vy (P, —F)=(0.001010 m° /kg)(15.000—10)kPa =15.14kJ/kg
Error = 0.3%
(¢) Using average specific volume and pressure values
Wp = V(P —R)= \lf 2(0.001010+0.001004) 1113fkgk15.000 —10)kPa =15.10kJ/kg
Error = 0%

Discussion The results show that any of the method may be used to calculate reversible pump work.
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7-86 Air at 3.5 MPa and 500°C is expanded in an adiabatic
gas turbine to 0.2 MPa. Calculate the maximum work that
this turbine can produce, in kJ/kg.
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7-119 Steam at 4 MPa and 350°C is expanded in an adia-
batic turbine to 120 kPa. What is the isentropic efficiency of
this turbine if the steam is exhausted as a saturated vapor?

4 MPa
350°C

Steam
I

turbine

|

120 kPa
sat. vapor
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Assumptions 1 This 1s a steady-flow process since there 1s no change with time. 2 Kinetic and potential energy changes are
negligible. 3 The device 1s adiabatic and thus heat transfer 1s negligible.

Analysis There 1s only one inlet and one exit, and thus m, = m, =m . 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

f.-_'. — f::“ — M::““i #0 (steady) = ‘Fli =4 MPa
——— R T, =350°C

Rateof netenergy trmsfer  Rate of changein intemal kinetic,
by heat, work .and mass potential gtc. energies

hin = Lom

irh, =W, ..+ mh, (since O = Ake = Ape = 0) —*
W, o =mh, —h,)

aoul

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

)-—12
P —AMDa ) h —1002 2L T/l P>=120 kPa



From the steam tables (Tables A-4 through A-6), \/
) =12
) =4 MPa | h, =3093.3k)/kg P=120kPa
I, =350°C | 5, =6.5843kJ/kg-K

": = |1'[]' I';.Pﬂ

| }h: = 2683.1kJ/kg
Xy =

P,, =120kPa | x,, =0.8798
h,, =2413.4kl/kg

N s — :!-l

From the definition of the isentropic efficiency,

- Woow il —hy) by —h,  30933-2683.1
ST i(h, —hy,)  hy—hy, 3093.3-2413.4

& 00t

=0.603=60.3%
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7-123 A refrigeration unit compresses saturated R-134a
vapor at 10°C to 1000 kPa. How much power is required to
compress 0.9 kg/s of R-134a with a compressor efficiency of
85 percent? Answer: 19.3 kW
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air . C.V. Ideal air turbine.

1 - .

; W Adiabatic: q =0, reversible: Sgen 0

Turbine |:> Energy Eq.6.13:  wp=h; - h,,
Entropy Eq.9.8: s.=s;

Table A.5: Cp, = 1.004 klJ/kg K, R=0.287 kl/kg K, k=1.4, then from
Eq.8.32

k-1

]
200
T, =T; (PJ/P) K —1200[

1200
Wt o = Cpo(T; - To o) = 1.004(1200 - 719.2) = 482.72 kl/kg

0.286
] =719.2K

The actual turbine then has
WT ac = NT WT s = 0.87 x482.72 =419.97 klJ/kg = Cp(T; — T, ,0)

Teae = Ti = W 4o/ Cpg = 1200 — 419.97/1.004 = 781.7 K



