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Analysis (a) The coefficient of performance of the air-conditioner (or
refrigerator) is determined from its definition,

COP. — ‘QjE _ 750 kJ/min[  TkW |- 2.08
W in 6 kW 60 kJ/min

b) The rate of heat discharge to the outside air i1s determined from the
energy balance,

O, =0, +W... =(750 kJ/min)+ (6 x 60 kJ/min) = 1110 kJ/min

6 kW

O, =750 kJ/min
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I 300 K
Nae =1-—==1-

T, 1000 K

=0.70 or 70%

(b) The power output of this heat engine is determined from the definition of
thermal efficiency,

W, i ou = 100 = (0.70)800 kJ/min) = 560 kJ/min = 9.33 kW

net.out

800 kJ/min

O
C 30K
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R-134a
320 kPa
40°C




Analysis The energy balance for this system can be

expressed as

I'in -E out - AE system
\ g 3
Net energy trmsler Changen intemal, Kinetic,
by heat, work,and muss potentialetc. energies

W, —Oou =AU =m(u, —u,)
The initial state properties are

P, =320kPa | u, =261.62kJ/kg
T, =40°C s, =1.0452kl/kg - K

(TableA-13)

R-134a

320 kPa
I,=T,=40°C

(B




For this isothermal process, the final state properties are (Table A-11)
I, =T1,=40°C | uy=u,;+xug, =107.39+(0.45)143.61) =172.02 kl/kg
x, =045 Sy =587 + X585 5, =0.39493 + (0.45)(0.52059) = 0.62920 k) kg - K

The heat transfer is determined from
Gin = 1o(55 = 5,)=(313K)0.62920 - 1.0452) kJ/kg- K =-130.2kJ/kg
The negative sign shows that the heat 1s actually transferred from the system. That is,

Gou =130.2kJ/Kg

The work required is determined from the energy balance to be

Wy =Gou + (115 —11,) =130.2 k)/kg +(172.02 - 261.62) k) kg = 40.6kJ/kg
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2 kg/ls

Steam
turbine




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

: : . : A0 (steady) _
Ein i Eout - AEsystcm =0
- i = e o 3 MPa
Rateof netenergy trmsfer  Rate of changein intemal. kinetic,
byheat, work,and mass potential.etc. energies 2 kg/S
Ein = Eout
”.?]hl :”?th +n-?3hg +WOUI
W, . = h, —i,h, —ish, 500 kPa
out 1% 25 33 0 kPa
100°C
From a mass balance,

i, = 0.05n, = (0.05)(5 kg/s) = 0.25 kg/s
iy = 0.951, = (0.95)(5 kg/s) = 4.75kg/s



Noting that the expansion process is isentropic, the enthalpies at three
states are determined as follows:

P; =50kPa | hy; =2682.4kJ/kg
‘ ' (Table A-6)

T, =100°C | s, =7.6953kl/kg-K

P, =3MPa

h =38512kJ/kg (TableA -6
sl=53=7.6953kJ/kg-K} ! g )

P, =500 kPa

- h, =3206.5kJ/kg (TableA-6)
$, =53 =7.6953kl/kg-K | -~

Substituting,

Woul =myhy —nmyhy —m;h;
=(2kg/s)(3851.2kJ/kg) — (0.1kg/s)3206.5k)/kg) — (1.9 kg/s(2682.4k]/kg)
=2285kW



7-50  Water at 70 kPa and 100°C is compressed isentropi-
cally in a closed system to 4 MPa. Determine the final tem-

perature of the water and the work required, in kl/kg, for this
compression.

H,0
70 kPa
100°C

FIGURE P7-50



7-50 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

:
A

P =70 kP —~2509.4 kJ/ke

| i i & (TableA-6) '

7,=100°C | s, =7.5344kl/kg-K

J

The entropy is constant during the process. The properties at the exit state are

(Table A -6) > §

P, =4000kPa u, =3396.5kl/’kg
s, =5 =75344kl/kg-K | 7, =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

E,-E, = AE

in “oul “system
SRS ST b
Net energy trmsfer Changan intemal kinetic,
byheat, work,.and mass potentialetc. energies

wy, =Au=u, —u, (sinceQ=KE=PE=0)
Substituting,
Wy, =, =y =(3396.5-2509.4)kl kg =887.1kJ/kg



