7-97E 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 mlet and exit properties are determuned to be

B, =1230
T, =1000R — > i , \
Ay = 240.98 Btwlbm

and 1 AI}S 2

B 12 psia \ I, =6359R
‘P?' = _—JE; L pSll'l E1230]: 246 — o /
* B %' 60ps ! i, =152.11 Btw/lbm

1a

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

<0 (steady)

jEin - Eouq = AE system =0
Rate of netenergy transfer  Rateof changeh-ﬂ internal, kinetic,
by heat, work, and mass potential_ etc.energies
JE'i:n e Eout
3 7, : )
iy +77712) = a(hy +V5/2)

;.i"j _lFf]__"'T: 0

Therefore,

o | (25,037 ft2/s? %
Vy =y 20— iy )+ 77 = |'2-(240.98—152.1l)Brw’lbm_-75|+(200 fi/s)?
- - ' | 1Bwlbm |

=2119 fit/s



7-103 Air is charged to an mitially evacuated container from a supply line. The minimum temperature of
the air in the container after it 1s filled 1s 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 1s an ideal gas with constant specific heats. 3 Kinetic and potential energies are negligible. 4
There are no work interactions involved. S The tank i1s well-mnsulated, and thus there is no heat transfer.

Properties The specific heat of air at room temperature is ¢, = 0.240 Bru/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 /1 and internal energy i, respectively, the mass and entropy balances for this uniform-flow system
can be expressed as

Mass balance:

Min — Moyt = A”fsystem

my; =y = Ail — 200 psia, 100°F

My =y I I

MySy =M S +H,5, —m5; =0

Entropy balance:

Evacuated
myso —m;s; 20

Combining the two balances.

May§y —Mps; 20

59 —5; 20
The minimum temperature will result when the equal sign applies. Noting that P, = P, we have

T, P Iy
§) =5 =¢p ln?—RlnF‘zﬂ—:-cp m?:o

I I H
Then,
T, =T, =100°F



7-118 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 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’/ke.

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,

5 Water
W, = m”l v dP + Ake™ + Ape ‘ =iilu(P, —RB)+glz,— 7)) Py =120KkPa
\
Thus,
1) 1 kl/kg
7 kI/s = 1ir) (0.001 m>/kg)(5000 — 120)kPa(—3 ‘— (9.8 m/s?)(10 m)(—;_;z ‘
| \ 1kPa-m” | 1000 m™/s J
It yields

11 =1.41kg/s



7-132 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 1s a steady-flow process since there i1s no change with time. 2 Potential energy changes
are negligible. 3 The device is adiabatic and thus heat transfer is negligible.

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

P =7 MPa JL Iy =3650.6 kl/kg
5

T, =600°C [s; =7.0910kT/kg-K
P, =50kP

. =] Iy, =27802 ki/kg
7=150°C |

There is only one inlet and one exit. and thus 7y =71, = 71. 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

Systen

Em _ Eou[ s AE F0 (steady) -0 i

Ratz of net energy transfer ~ Rate of change in internal kinetic,
by heat, work, and mass Dotential eic.energies

E,=E

m — out

iy + Vlz 12)= If';:om + (I + I/iz.-’Z) (since O = Ape = 0)

E 220
. . vy -1
Ff(a._o'm = 'I"E & hl i %
\ J
Substituting, the mass flow rate of the steam is determined to be 2

_ ( 140 m/s)* —(80 m/s)> (  1kTkg )
6000 kJ/s = —ri] 2780.2 — 3650.6+ LA W) ~ (80 ws) f > ]‘
L 2 \1000m~/s" ) )

=695 kg/s
(b) The isentropic exit enthalpy of the steam and the power output of the isentropic turbine are

= Sy, — 8 7. —1. 2

By =BT o, 252757 _7.0910-1091
B i 65019

.S")_‘ :Si

- Iys =hp +x35h g =340.54 +(0.5228)(2304.7) =2467.3 ki/kg

=0.9228

and

pIIfs.om = _m(;"k g 'F‘Jl L {(V; - Viz ]’(2})

140 m/s)> — (80 m/s)* [ 1kIkg )|
= (695 kgfsj 2467.3—3650.6 + L0 /)" — (B0 m/s) =
| 2 L 1000m~/s" /)

T

5.0ut

=8174kW

Then the isentropic efficiency of the turbine becomes
W, 6000kW _

=—a -2 T (734=T734%
T, 817AkW




