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1 (a) From the steam tables,

hy =h g, =191.83kT / kg
Vi =V 0i0pe = 0.00101m* / kg
W, =vi(P,=R)/n,
= (0.00101m3 /ngl0,000 —IOkPa{
=10.62kJ / kg
hy=h +w,, =191.83+10.62 =202.45k] / kg

kPa-m

IIL}J /(0.95)

65 6

P, =10MPa | h, =3373.7kJ | kg /i
T, =500°C | s, =6.5966kJ / kg-K
P,, =1MPa
‘ h,, =2782.5k) | kg
Sy =83
hy—h
Mr = h3 h4 —> h,=h, _77T(h3 _h4s)
37 My

P, =1MPa | h, =3478.5k) | kg
T, =500°C|[ s, = 7.7622kJ / kg - K

Ses =Sy 7.7622-0.6493

P. =20kPa | x¢, = =0.948 (atturbineexit
os a} T s, 7.5009 ( )
Ses =S5
he, =h, +xg¢h, =191.83+(0.948)(2392.8)=2460.2k/ / kg
hy —h
Ny =2 — hs = hs _77T(h5 _h6s)
h3 _h4s

=3478.5—(0.80)(3478.5-2460.2)
=2663.86kJ / kg>h, (superheated Vapor)

From steam tables at 10 kPa we read 7= 87.5°C.

(b)

wy = (hy —h, )+ (hs — h) = 3373.7—2900.74 + 3478.5 — 2663.86 = 1287.6kJ / kg
q,, = (hy—hy)+(hs—h,)=3373.7—202.45 +3478.5—2900.74 = 3749.0kJ / kg

w =w,—w . =1287.6-10.62 =1277.0kJ / kg

n p,in

Thus the thermal efficiency is

" = Woer _12770kJ / kg —34.1%
q;, 37490kJ / kg

(c) The mass flow rate of the steam is

=3373.7-(0.80)(3373.7 - 2782.5) = 2900.74kJ / kg



= I/Vnez‘ — ISO’OOOkJ/S =117.5kg/S
w 12770 kJ / kg

net

2 (a) From the steam tables,

hy = haaoipa = 251.40kJ / kg
Vi =V @a0kpa =0.001017m’ / kg

Wp],in :VI(PZ_])I) T
~(0.001017m* / kg Y400~ 20kPa) —*
1kPa-m
= 0.39k/ / kg
hy =h +w,,, =251.40+0.39 = 251.79k7 / kg
P, =0.4MPa | hy = hyqoarp, = 60474k | kg
sat liquid Vi =V a0ampa = 0.001084m" / kg
Woitin = V3 (P4 - P ) "
—(0.001084m° / kg (6000 — 400kPa) ————
1kPa-m
— 6.07kJ] / kg
hy =hy +w,,, =604.74+6.07 = 610.81k] / kg

P, =6MPa | hy =3301.8k/ / kg
T, =450°C [ s, =6.7193k) / kg - K

Ss =S, 6.7193-1.7766
s 5.1193

g

he =h, +xsh, =607.74+(0.9655)2133.8) = 2664.93k/ / kg

P, =0.4MPa }xﬁ = =0.9655

S¢ =S5

=5, 6.7193-0.8320
S 7.0766

hy =h, +x;h, =251.40+(0.8319)(2358.3)=2213.3k] / kg

The fraction of steam extracted is determined from the steady-flow energy equation applied to the feedwater
heater. Noting that Q =W = Ake=Ape=0,

ik, = 1 h, —> tighg +tiyhy = tishy —> yho + 1+ y)hy =1(hy)

=0.8319

P, =20kPa }x7 =

S, =85

where y is the fraction of steam extracted from the turbine (=1, /m;y). Solving fory,

Chy—hy 6047425179

=01463
he—h, 266493-251.79
Then,
gy, = hs—h, =3301.8—-610.81 = 2691.0kJ / kg
Qo = (1= ), — 1) = (1-0.1463)(2213.3-251.4) = 1674.9k] / kg
and

Woet = i — Gous = 2691.0~16749=1016.1kJ / kg

(b) The thermal efficiency is determined from
1— 16749 kJ / kg _37.8%
2691.0kJ / kg

=1- Dout _

un

in



3 (a) In an ideal vapor-compression refrigeration cycle, the compression process is isentropic, the refrigerant
enters the compressor as a saturated vapor at the evaporator pressure, and leaves the condenser as saturated
liquid at the condenser pressure. From the refrigerant tables,

P, =140kPa }hl = R yraonpa = 236.04kJ / kg

sat.vapor S, =S gauaowpa = 0.9322kJ 1 kg - K

P, = 0.8MP
i ! }hz = 272.05k/ / kg
s, =5,
P, =0.8MPa
hy = h = 93.42kJ / k T
satliquid } 3~ Pf@08MPa g

h, = hy = 93.42kJ / kg (throttling )

The quality of the refrigerant at the end of the throttling process is

h, —h _
. :( ] fJ _ 93422577 _ o)
@140kPa

h, 21027

(b) The COP of the refrigerator is determined from its definition,
h,—h .04 —93.
Cop, = qp _hy-h, _ 236.04-9342 _3.96
w h, -h;, 272.05-236.04
(¢) The power input to the compressor is determined from

: 5kW
= QKW _ a6 kw
COP; 396

in

4 (a) From the refrigerant tables,

P, = 280kP,
1 ¢ }hl = 247.64kJ | kg

T, =0°C .
ITE :éﬁﬁgp"}hz = 291.36k/ / kg
ITE :;'(?,ACJP“ }h3 =D, ye =91.49%7 1 kg
= hy =91. J / ‘
et e S
i = 0, _ 0, 60,000/ 3,600k / s — 0.0834kg /s

g, h,—hy (291.36-91.49)kJ / kg
Then the power input to the compressor becomes
W, =ri(h, —h )=(0.0834kg /s)291.36—247.64)kJ / kg = 3.65kW
(b) The rate of hat absorption from the water is
Q, =mlh, —h,)=(0.0834kg / s)247.64—91.49)kJ / kg = 13.02kW
(¢) The electrical power required without the heat pump is

W, =Qy = 60,000/3,600 kJ /s =16.67 kW
Thus,
W, =W, - W, =16.67-3.65=13.02 kW

increase



