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ODEV 10
10-5 (a) Noting that Ty = Tg @ sookpa = 32.74°C = 305.7 K and Ty = Tsu @ 140kpa = -21.91°C =251.1 K,
1 B 1
T, /T, -1 (305.7K)/(251.1K)-1
(b) Process 4-1 is isentropic, and thus

51254 =5 345 ) ggoupe = 0-3459+(0.05)(0.9066 —0.3459)
=0.3739k) / kg K

I ) _0.3739-0.1055 _ 1. )
L sy, 0.9322-0.1055
: @140kPa

COP, (. = = 4.60 T

(c) Remembering that on a T-s diagram the area enclosed represents the net work, and s; = Se @ 800 kpa = 0.9066
kJ/kgK,
Woet,in :(TH _TL)(SS _S4)
=[32.74—(-21.91)K}(0.9066 —0.3739)kJ / kg - K

=29.1kJ/kg

10-13 (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,

f)l = IZOkPa }hl = hg@l20kPa = 23386M/kg

P, = 0.7MP
2 ¢ }hz = 27022k / kg (1, = 34.6°C)
P, =0.7MPa T
hy=h, —86.78k/ / k.
satliquid } 3T/ @0.1MPa g

h, = hy =86.78kJ | kg (throttling )

Then the rate of heat removal from the refrigerated space and the power
input to the compressor are determined from

0, =n(h, —hy)=(0.05kg / s)(233.86—86.78)kJ / kg = 1.35kW
and s
W, =m(h, —h )=(0.05kg / s)270.22 - 233.86)kJ / kg =1.82kW
(b) The rate of heat rejection to the environment is determined from
Oy =0, +W, =7.35+1.82=9.1TkKW
(¢c) The COP of the refrigerator is determined from its definition,

QL _735kW _,

COP = —L = =4,
W, 182kW

n




10-28 1In 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,

f)l = 320kPa }hl = hg@320kPa = 24866M/kg

T
P, =0.8MP House
: ¢ }hz — 267.58k/ / kg (T, =34.5°C)
P, =0.8MPa
hy=h, =93.42kJ / k;
satliquid } 37 T/ @08MPa &
h, = hy =93.42kJ | kg (throttling) / 4
The mass flow rate of the refrigerant and the power input to the compressor

are determined from

i Ou _ T5000/3600KT /s o ho
qy  hy—hy (267.58-93.42)k] / kg

and

w,, =m(h, —h )=(0.120kg / s }267.58 —248.66 )kJ / kg = 2.2TkW
The electrical power required without the heat pump is

W, =0, =75,000/3,600k] /s = 20.83kW
Thus,

74

saved

=W, W, =20.83-2.27 =18.56kW

10-49 (a) We assume air to be an ideal gas with variable specific heats. We also assume both the turbine and the
compressor to be isentropic, the turbine inlet temperature to be the temperature of the surroundings, and the compressor
inlet temperature to be the temperature of the refrigerated space. From the air table,

T, =285K —> h, =285.14kJ / kg

P, =1.1584
T, =320K ——> hy =320.29k] / kg ; 2
P, =1.7375 o
Thus, N )
P 12°C : X
f)r2 :?zprl :(%)(11584): 5792——)T2 =4504K /Xl
1 hz = 45217](.]/kg 4 Qrefiig
P
R " 250

h, =201.76kJ / kg

Then the rate of refrigeration is
O,erie =11lg; )= ity —hy )=(0.08kg / s)(285.14 - 201.76)kJ / kg = 6.6TKW
(b) The net power input is determined from
Wt in = W, A

net, in comp,in — YYturb,out
where
W eompun =1y —hy )=(0.08kg / s )(452.17 - 285.14)kJ / kg = 13.36kW
Wasp.ow =My —hy ) =(0.08kg / 5)(320.29—-201.76)kJ / kg = 9.48kW
Thus, W, =13.36—9.48 = 3.88kW

(c) The COP of this ideal gas refrigeration cycle is determined from



0, _66WW _

COP, ==L — ~1.
K 3.88kW

w

net,in

10-81 (a) We assume helium to be an ideal gas with constant specific heats, C, = 5.1926 kJ/kg'K and &k = 1.667. The
temperature of the helium at the turbine inlet is determined from an energy balance on the regenerator,

Q.zo _WZO = Zmehe _zmihi — rh(h3 _h4): n'1(h1 _h6)

or,
mC ,(Ty =T, )=mC, (T, -Ts) —> Ty =T, =T, - T,
Thus, T .
o o o o QH 2
T, =Ty —T,+T, =20°C—(-10°C)+(-25°C)=-5°C = 268K SA/‘
20°C
(b) From the isentropic relations, 10°C |
(k-1)/k A
T, =T, (—Zj = (263K )(3)*%7"1%7 =408.2K =1352°C  -»CT Quegen
B G
P (k=1)/k 1)\ 0:667/1.667 5 Orerg
Ty =T, = = (2681<)(—] =172.7K =-100.3°C
P, 3
Then the COP of this ideal gas refrigeration cycle is determined from
coP, = 9 _ qr _ he —hs
Wet,in Wcomp,in ~ Wb out (h2 - hl )_ (h4 - hS )
T, —T. -25°C—-\- 3°
) o T 25°C—(-100.3°C) st

T -1)-(1,-Ty) [1352—(-10)f C—[-5-(~100.3)] C
(c) The net power input is determined from
Wnet,in = Wcomp,in - Wturb,om = m[(h2 —h )_ (h4 —hs )] = mcp [(Tz -T )_ (T4 —T; )]
= (0.3kg / 5)5.4926k] / kg C)[135.2— (=10)]~[- 5 - (~100.3)]) = 77.7KkW



