26°C Water
. . . . : 18°C
11-11 A commercial refrigerator with refrigerant-134a as " Oy
the working fluid is uvsed to keep the refrigerated space at 4200 1.2 MPa
—30°C by rejecting its waste heat to cooling water that enters r«+— Condenser 63°C
3 .
the condenser at 18°C at a rate of 0.25 kg/s and leaves at O ®| O
26°C. The refrigerant enters the condenser at 1.2 MPa and
65°C and leaves at 42°C. The inlet state of the compressor is Expansi ’ W
: . : ) pansion Comp ol = -t
60 kPa and —34°C and the compressor is estimated to gain a X valve
net heat of 450 W from the surroundings. Determine (a) the
quality of the refrigerant at the evaporator inlet, (b) the refrig- 60 kPa
eration load, (c) the COP of the refrigerator, and (d) the theo- —34°C
retical maximum refrigeration load for the same power input Evaporator
to the compressor. ‘, !
dr

11-11 A conunercizl refrigerator with refiigerant-134a as the working finid is considered. The quality of
the refrizerant at the evaporator mlet the refrigeration load, the COF of the refrizsrater, and the theoretical
maxinmm refigsration load for the same power imput to the compressor are to be detenminad

Assumprions 1 Steady operating conditions exizt 2 Kinetic and potential energy changes are naghgibla.
Analysiz (@) From refrigerani-134a tables (Tables A-11 through A-13)

P - S0P
- 14; ] hy =230.03 kIkz Water
-3 28°C

' - 18+C

P, =1200kPa |

- Lhy =205 16 klkg { Q,
T, =65°C | 4ec 1.2 MPa

BE=C
F, =1200kPa x
! Vi =111 23 ETkE Condenser —
L =47°C | 3 .
hy =hy; =11123kNkz E ion

P, -60kPs ) valve
) | x, =0.4795 Compressar A
hy =11123 kTkg]

Using saturated lignid enthalpy at the given 4 1 ﬁg:ﬂia
temperanure, for water we have (Table 4-3)

Evaporator
By = h g e = T5ATET ke *G-
By = g agee =108.94KTkz -

»

(%) The mass flow rate of the refrigerant may be determined from an energy balance on the compressor

mi g (Fy — B} = ity (Byz — )
ity (205,16 — 111 23k kg — (0.25 kg/s)(108.94 — 75 4TI kg

—my = 0.4535kgis
The waste heat ransferred from the refrizerant, the compressor power input, and the refrigsration load are
Oy =g (hy —hy) = (0.0455 kg/s)(205. 16 - 111 23)kT kg - 2367 kW
W, =g (hy —h -0, = (0.0455kg/s)205.16-230.0)kTkz - 0.45EW = 25136W
O mQp -, =8367-2513 =585 kW

{€) The COP of the refrigerator is determinad from its TA
definition
copZL 385 544
. 2513

{af) The reversible COP of the reffigerator for the
same temperaiore imits is

CoE 1 !

e - 5063
T, /T, -1 (18+273)/(-30+273)-1

Then the maximum refrigeration lead becomes
Q-,__, = COP, W, =(5.063)(2513 W) = 12.72 kW



11-12 A refrigerator uses refrigerant-134a as the working
fluid and operates on an ideal vapor-compression refrigeration
cycle between 0.12 and (1.7 MPa. The mass flow rate of the
refrigerant is 0.05 kg/s. Show the cycle on a T-s diagram with
respect to saturation lines. Determine (a) the rate of heat
removal from the refrigerated space and the power input to the
compressor, (&) the rate of heat rejection to the environment,
and (c) the coefficient of performance. Answers: (a) 7.41 KW,
1.83 kW, (D) 9.23 kW, (c) 4.06

11-11 An ideal vapor-compression refrigeration cycle with refrigerant-134a as the working fluid is
considered. The rate of heat removal from the refriperated space, the power input to the compressor, the
rate of heat rejection to the enviromment, and the COP are to be determined.

Assumprions 1 Steady operating conditions exist 2 Kinetic and potential energy changes are negligible.

Amalysis (g) In an ideal vapor-compression refrigeration cycle, the compression process is iseniropic, the
refrigerant enters the compressor as @ samrated vapor at the evaporator pressure, and leaves the condenser
a5 samrated liquid st the condenser pressure. From the refrigerant tables (Tables A-12 and A-13),

B =110kPa ‘1.&, =y 120 4pw = 23697 kTkg
sat.vapor [ 5y =3, g qanype = 004779 kg -K T &

Lk, = 27350 Kz (T, - 34.85°C)

Py =0.7MPa
s = o e —58.82 klkg

Then the rate of heat removal from the refrigerated

space and the power input to the compressor are
determinad from
8, =ik —h, )= (0,05 kg's)236.97 88,82 | kTkg = 741 LW

and
W, =mih, —h )= (0.05kg/s (27350 - 23607 kTkg - 183 LW
(¥} The rate of heat rejection to the environment is determined from
Op =0, +F, =741+ 183023 kW
(€} The COP of the refrigarator is determinad from its definision,

11-13 Repeat Prob. 11-12 for a condenser pressure of
0.9 MPa.



11-13 An ideal vapor-compression refrigeration cycle with refrizerans-134a as the working flmid is
considered. The rate of heat removal from the refrigarated space, the power input to the compressor, the
rate of heat rejection fo the enviromment, and the COP are o be determined.

Assumprions 1 Steady operating conditions exist 2 Kinetic and potential energy changes are neghgible.

Amalysts (3) In an ideal vapor-compression refrigeration cycle, the compression process is isenmopic, the
refrigerant enters the compressor as a samurated vapor at the evaporator pressure, and leaves the condenser
as samrated liquid at the condenser pressure. From the refrigerant tables (Tables A-12 and A-13),

F =120kPa :;h' = by g iz0aps = 23697 ETkg
sat.vaper [ 5 =3, g0 = -T2 kIkE K T A

A _uympa‘i

I3 =5

b, = 27893 kTkg (T, - 44.45°C)

Py =09 MPa
sat. liquid
iy why =101.61 kIkg |dwonling |

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

0, =ik —h, )= (0,05 kgsi236.97 - 101.61) klkg - 6.77 kW

by =k g oo upy =101.61 KTkg

and
W, =ik, —h )= (0.05ke/s)278.03 - 236,07 ) kT kg = 210 kW
{b) The rate of heat rejection to the environment is determined fom
Op = O, +F, =677 +210=887 kW
{c) The COP of the refrizerator is determined from its definition,

11-14 1If the throttling valve in Prob. 11-12 is replaced by
an isentropic turbine, determine the percentage increase in
the COP and in the rate of heat removal from the refrigerated
space. Answers: 4.2 percent, 4.2 percent

11-14 An ideal vapor-compression refrigeration cycle with refrigerant-134a as the working flmd is
considered. The throtiling valve in the cycle is replaced by an isentropic tarbine. The percentage increase
in the COP and in the rate of heat removal from the refrizerated space due to this replacement are to be
determined

Assumprions 1 Steady operating conditions exist 2 Finetic and potential energy changes are negligible.
Amnalysis If the throttling valve in the previous problem is replaced by an isentropic turbine, we would have
S4 =51 = Spgormps = 033230 k1kg K, and the enthalpy at the turbine exit would be

(53-3 ) _ 033230000275 ... o

Ky o=
& 0.25503

LT Ja e

My =l + xRy -l-g: \zoure = 12-40+{0.2802)(214.48) = 82 5B KTz

Then, @, — ik, -k, |- (0.05 kg/s)236.97 8258 kTkg - T.7T2EW

and  Copy —ZL_ AW 40q
e

Then the percentage increass in § and COP becomss
- AQ, T772-741
Increasein &) = Or TT-T31 494
g, 741
ACOD,  423-4.06

COF, 4.06

Increasein COF, = -4 2%




11-15 Consider a 300 kI/min refrigeration system

that operates on an ideal vapor-compression
refrigeration cycle with refrigerant-134a as the working fluid.
The refrigerant enters the compressor as saturated vapor at
140 kPa and is compressed to 800 kPa. Show the cvcle on a
T-5 diagram with respect to saturation lines, and determine
(a) the guality of the refrigerant at the end of the throttling
process, (b) the coefficient of performance, and (c) the power
input to the compressor.

11-15 [diso sohwd by EES on enclosed CD] An ideal vapor-compression reffigeration cycle with
refrigerant-134a as the working fluid i= comsidered. The gquality of the refriperant at the end of the
throtiling process, the COP, and the power input to the compressor are to be determined.
Assumprions 1 Steady operating conditions exist 2 Finetic and potential energy changes are negligible.
Amnalysis (g) In an ideal vapor-compression refrigeration cycle, the compression process 1s iseniropic, the
refrigerant enters the compressor as & samrated vapor at the evaporator pressure, and leaves the condenser
as saturated liquid st the condenser pressure. From the refrigerant tables (Tables A-12 and A-13),

.ﬁ = 140 EPa l‘_"-iﬁ - -Pfg @ 140 kPa = 23014 k.T-'kg

SELVEPOT [ 5 =g qanip = 0050 kTEE - K r A
P, =08MPa

53 =]
P, -0.8MPa
sat. liquid
hy = hy =95.47 Klkg (fhrotding)

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

{h—h) 95.47-27.08

LB e 21208

(B} The COP of the refrigerator is determined from its definition,
- 3 -
CcOoB, g Iy —hy - 23016 -95.47 307
hy =k, 27537-13916
(¢) The power input to the compressor is defermined fom

} by = 27537 KIkg

:H!; --if.r:gua.p,n:. =0547 kIkg

- 0322

wﬂ

11-17 Repeat Prob. 11-15 assuming an isentropic effi-
ciency of 85 percent for the compressor. Also, determine the
rate of exergy destruction associated with the compression
process in this case. Take T, = 298 K.



11-17 A nonideal vapor-compression refrigeration cycle with refrigerant-134a as the working fluid is
considered. The quality of the reffigerant at the end of the throttling process, the COP, the power mput to
the compressor, and the reversibility rate assoctated with the compression process are to be determined
Assumprions 1 Steady operating conditions exist 2 Kinetic and potential energy changes are nagligtbla.
Amalysis (a) The refrigerant enfers the compressor as & saturated vapor at the evaporator pressure, and

leaves the condenser as samrated liguid at the condenser pressure. From the refrizerant tables (Tables A-
12 and A-13),

F =140 kPa ‘.;'r. =Ry 5 0upe = 23916 kTkg

sat. vapor [ %) =Sug 1400 = 0956 KTk K T
Py = 0.8 MPa
: ]al. - 27537 kTkg

Sy =35 |

ha, —h
’F-r.'-ﬁ—} hy = by + (R, iy ) _

z= =230.16+(27537 - 230.16)/(0.85)
-281.76kTkz

P, —08MPa ] .
sat. liguid ‘ L 'n'_r:g nawps = 9547 kg

hy by = 9547 klkg (thronling )
The quality of the refrizerant at the end of the throttling process is
{(ha—h,) 95.47-27.08

Ul e 21208

(5) The COP of the refrigarator 15 determinad from its definition,
- 2 -
cos, _8r _ - hy _ 23016 -9547 347
w,, hy—h  2B176-230.16

2 - 032

(¢} The powers input to the compressor is determined Som

w, 2 _CEW ) sskw
COP; 337
The exergy destruction associated with the compression process is determined from
. . { Ll .
Xpeanyat =TS gee = Toit 13 -5 = '-Ir-f![-‘: -5}
]
where
. . -
w9 e - 00348 kg's
g, h—h, [230.16-9547|klks
£ -08MPa 0.96483 Klkg K
By =28176kkg [T HE
Thus,

X pyet = (298 EL{0.0348 kz's )0.06483 - 0.04456 | kT kg - = 0.210 kW

11-15 Refrigerant-134a enters the compressor of a refrigera-
tor as superheated vapor at 0.14 MPa and —10°C at a rate of
0.12 kgfs, and it leaves at 0.7 MPa and 50°C. The refrigerant is
cooled in the condenser to 24°C and 0.65 MPa, and it is throt-
tled to 0.15 MPa. Disregarding any heat transfer and pressure
drops in the connecting lines between the components, show
the cycle on a T-5 diagram with respect to saturation lines, and
determine (a) the rate of heat removal from the refrigerated

space and the power input to the compressor. (&) the isentropic
efficiency of the compressor, and (¢) the COP of the refrigera-
tor. Answers: (a) 19.4 kW, 5.06 kW, (b) B2.5 percent, (c) 3.83



11-18 A refrigerator with refngerant-134a as the working fluid s considered. The rate of heat removal
from the refnigerated space, the power input to the compressor, the isentropic efficiency of the compressor,
and the COP of the refrigerator are to be determined.

Assumprions 1 Steady operating conditions exist 2 Kinetic and potential energy changes are negligible.
Amnalysis (@) From the refrigerant tables (Tables A-12 and A-13),
F = 0.14MPa | iy = 24636 k1 kz

I, --10°C |5 -097236kike K T
P, =0.7MPa N
s ]n-! - 28853 kIkg
=07 MPa )
s * \hy, =281.16 KTke
Fay =5 J
P, = 0.65MPa ]

T ooage s =Ry g e =B498KTke

B, =, = 8498 kIkg |throttling )

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

O, =rialh, -, )=(0.12 kgis)246 36 - 84.08) kI kg = 19.4 kW

and
W, =ik, —hy )= (0.12 kgis [ 288.53 - 246 36) KT kg - 5.06 KW
(&) The adizbatic eficiency of the compressor is determined from

B, —Fy  281.16-246.36

- - - 82.5%
By - 2BB.53-246.36

e

{c) The COP of the refrigerator is determined from its definition,

11-20 Refrigerant-134a enters the compressor of a refrigera-
tor at 140 kPa and —10°C at a rate of 0.3 m*/min and leaves
at 1 MPa. The isentropic efficiency of the compressor is 78
percent. The refrigerant enters the throttling valve at 0.95 MPa
and 30°C and leaves the evaporator as saturated vapor at
—18.5°C. Show the cycle on a T-5 diagram with respect to
saturation lines, and determine (a) the power input to the com-
pressor, (b) the rate of heat removal from the refrigerated
space, and (c) the pressure drop and rate of heat gain in the
line between the evaporator and the compressor.  Answers:
(a) L.BB kW, (0) 4.99 kW, (c) 1.65 kPa, 0.241 kW



11-20 A refrigerator with refrigerant-134a as the working flmd is considered. The power imput to the
compressor, the rate of heat removal from the refngerated space, and the pressure drop and the rate of heat
zain in the line between the evaporator and the compressor are to e determined.
Assumpiions 1 Steady operating conditions exdst 2 Kinetic and potential energy changes are neghgible.
Analysts (@) From the refrigerant tables (Tables A-12 and A-13),
P -140%Pa | o= 24636 KTkg
1= L5 - FL! k=
T, --10°C | = 097136 k_Tz.‘l:g K T
vy = 014805 m " kg

Py =10MPa

b, =280 20 KTk
Sy =5 ] b £

P, =0.95MEBa | i
J’? =307 (B wh gy ee =93 38 Tk
by & hy =93.58 kTkg (taronling)

I, —--185°C ] F, —0.14165 MPa
=3t. vapor hy =239 33k]kg

Then the mass fow rate of the refrigerant and the power input becomes

Mambe —o T L 003423kgs

Wy = mitli, — iy ) e = (003423 kgis [(280.20 - 246 36) kTke]/(0.78) - 1.88 kW
(#) The rate of heat removal from the refrizerated space is
O, =il — i )= (0.03423 ks 230,33 _ 03 58 KT ke — 4.00 KW
{¢) The pressure drop and the heat zam in the line between the evaporator and the compressor are
AP Py — F =141 65140 =1.65
and
O puin =l =k, | = (003423 kg/s)(246 36 - 23033 | kT kz - 0.141 KW

11-22 A refrigerator uses refrigerant-134a as the working
fluid and operates on the ideal vapor-compression refrigera-
tion cvcle. The refrigperant enters the evaporator at 120 kPa
with a quality of 30 percent and leaves the compressor at

46,

Condenser

i: Expansion Com N
valve P
Evaporator >
120 kPa * o
x=03

60°C. If the compressor consumes 450 W of power, deter-
mine (a) the mass flow rate of the refrigerant, (#) the con-
denser pressure, and (c) the COP of the refrigerator.
Answers: (3) 0.00727 kgls, (b) 672 kPa, (c) 2.43



11-2} A refmigerator uses refrigerant-134a as the working fluid and operates on the ideal wvapor-

compression refrigeraton cycle. The mass flow rate of the refrizerant, the condenser pressure, and the COP
of the refrizerator are to be determined

Assumpiions 1 Steady operating conditions exist 2 Finstic and potential energy changes are negligible.
Amalysis (@) (¥) From the refrigerant-134a tables (Tables 4-11 through A-13)

Py =120kPa | .

\hy =B2683 KTk B
q-0% | L S
by =y Condenser |
h=S683kTke |, oo o 3 2
¥y = 0{zat lig) | 3 Expansion

W,
b e
B=F e Compressor —_—

P, =671.8kPa |
}hy =208 ETKTkE
T = 60°C ] 4 i
B =P, =120kPs | i Evaporator =
] Hiy = 23697 kTkg 120 kPa -
X =1(zatvap) | =03 o
The mass flow rate of the refrigerant is
determined from T

. W, 045 EW
hy -k (29887 -2340TkIkz
() The refrigeration load and the COP are

- 000727 kg's

Op = m(hy —k, )= (00727 kg/s)(236.97 -86.83)kIkg - 1L 091 KW

cop_ B _ LOS1EW

W, O045kW

11-31 A heat pump that operates on the ideal wvapor-
compression cycle with refrigerant-134a is used to heat water
from 15 to 45°C at a rate of 0.12 kg/s. The condenser and
evaporator pressures are 1.4 and 0.32 MPa, respectively.
Determine the power input to the heat pump.

11-21 A heat pump that operates on the ideal vapor-compression cycle with refrigerant-134a is considered.
The power input to the heat pump is to be determined
Assumpsions 1 Steady operating conditions exist 2 Kinetic and potential energy changes are negligible.
Amglysts In an ideal vapor-compression refrizeration cycle, the compression process is isenfropic, the
refrigerant enters the compressor as 3 samrated vapor at the evaporator pressure, and lesves the condenser
as samrated liquid at the condenser pressure. From the refrigerant tables (Tables A-17 and A-13),

_ﬁ - 120 kPa } k| - kg I kFa = 251.88 k.T'kg

SSLVEPOr |5 =3, sonn = 003006 kTkg K A
P =14MPs

&g o gy

] By = 282.54kTkg

i.']j;;ﬂ“ . By =By, =127.22 KTkg
By why =12722kTkg (throtiling |
The heating load of this heat pump is determined from
O =[ielT -1, ] e
—(0.12kgis 418 kTkg-°C)[45-15FC = 15.05 kW

" Qs __Ow _ 15.05k¥s
B gy  hy—h, (28254-12723)kVkg

- 009588 kg's
Then,

Wy = sing [y — by | = (0.09688 kg/s (282,54 - 251 88| kT kg - 297 kW




11-32 A heat pump using refrigerant-134a heats a house by
using underground water at 8°C as the heat source. The house
is losing heat at a rate of 60,0000 k)/h. The refrigerant enters
the compressor at 280 kPa and 0°C, and it leaves at 1| MPa

and 60°C. The refrigerant exits the condenser at 30°C. Deter-
ming (a) the power input to the heat pump, (b) the rate of heat
absorption from the water, and (c) the increase in electric
power input if an electric resistance heater is used instead of a
heat pump. Answers: (a) 3.55 kW, (b) 13.12 kW, (c) 13.12 kW

11-32 A heat pump with refrigerant-134a as the working fluid heats a house by using underground water as
the heat source. The power inpuf to the heat pump, the rate of heat absorption fom the water, and the
incTease in electric power input if an electric resistance heater is used instead of a heat pump are to be
determinad

Assumprions 1 Steady operating conditions exist 2 Kinetic and potential energy changes are negligible.

Analysis () From the refrizerant tablas
(Tables A-12 and A-13). o
B - 280kPa |
Iooc M =208k
P -10MPa], .
T, = 60°C _I hy =203 3BkTkg
P, =1.0MPa ) )
Lesoc % =*raec 9358 kTke

hy by =03 58 kTkg (fhrotling)
The mass flow rate of the refigerant is
. Jy O 60,0003, 600 kY's
" gy  hy—hy [29338-09358)klkz

= 0.08341 kefs

Then the power input to the compressor becomes

W, =i, — i | = (008341 kg/s (29338 - 250 83| kI kz = 3.55 KW
(b) The rate of hat shsorprion from the water is

@, =ik —h,)=(0.08341kg/s 250,85 — 03.58) kIkz - 13.12 kW
() The electnical power required without the heat pump is

W, = Oy = 60,000/3600 kT's = 16.67 KW
Thus,

Wi = W, =, = 16.67-3.55= 1312 kKW



11-34 Refrigerant-134a enters the condenser of a residen-
tial heat pump at 800 kPa and 55°C at a rate of 0.018 kg/s
and leaves at 750 kPa subcooled by 3°C. The refrigerant
enters the compressor at 200 kPa superheated by 4°C. Deter-
mine (a) the isentropic efficiency of the compressor, (b) the
rate of heat supplied to the heated room, and (¢) the COP of
the heat pump. Also, determine () the COP and the rate of
heat supplied to the heated room if this heat pump operated
on the ideal vapor-compression cycle between the pressure
limits of 200 and 800 kPa.

750 kPa ‘ On 800 kPa

. Condenser ]
©) @

s Expansion Compre Wi
X valve or)

Evaporator —

@t&@




11-34 An actmal hest pump cycle with B-134a as the refrigerant is considered. The sentropic efficiency of
the compressor, the rate of heat supplied to the heated room, the COP of the heat pump, and the COP and
the rate of heat supplied to the heated room if this heat pump operated on the ideal vapor-compression
cyrle between the same pressure limits are to be determined.

Assumprions 1 Steady operating conditions exist 2 Kinefic and potential energy changes are negligible.
Amalysis (a) The properties of refrigerant-134a are (Tables A-11 through A-13)

F, = 500EkPa
T- _— hy = 201,76 KT kg &
y =55 b BOD kPa
. 750 kPa +
Ty = Tsmrmips = 29.06°C X 55C
Condenser :
P, =T50kPa 3 1
Ry =BT 01 kI kE 2
T3 =(29.06-3)°C| E ion -
iy =hy =87 91kTkE valve Compressor W
Tgnnips = —10.087C
P = 200 kPa }Pr, =247 87kIks 4 1
T, = (1009 +4)°C| 5, = 00506 kT kg Evaporator i
Py = 800 kPa . -
by, = 27726 aQ,
I, =1 J

The isentropic efficiency of the compressor is

hy =Ry 2772624787 T
u—h _ﬁ 24_3 - 0.670

hy—k 2017624787

(&) The rate of heat supplied to the room is
QH =l —hy) = (0.018kgs)(201. 76 —87 01)kTkz — 367 kW

llll.. -

() The power input and the COP are
W, =mihy — i) = (0.018kg/5)(201.76 — 247 8T)kTkg - 0.TO0 KW

() The ideal vapor-compression cycle anslysis of the
cycle is as follows:

By =h g map = 2H20ETkE

a1 -;5 @ H kFa = 08377 k.T-kgK.

Py = 500 MPa

' | by =273.25kTkz

=5 J
by - k’..\,“m e = 9347 kTkg
hy, =h,

hy—hy  27325-9547

- -6.18
By—hy  273.25-24446

COP=

O, =titlhy — k) = (0018 kg/s)(273.25 - 05 4TIk ke = 3.20 kW



11-35 A heat pump with refriperant-134a as the working
fluid is used to keep a space at 25°C by absorbing heat from
geothermal water that enters the evaporator at 50°C at a rate
of 0.065 kg/s and leaves at 40°C. The refrigerant enters the
evaporator at 20°C with a quality of 23 percent and leaves at
the inlet pressure as saturated vapor. The refrigerant loses 300
W of heat to the surroundings as it flows through the com-
pressor and the refrigerant leaves the compressor at 1.4 MPa
at the same entropy as the inlet. Determine (a) the degrees of

L

- Condenser 2
@ 1.4 MPa
O]
X Expansion Compressor | = "i'?'m
valve
'@ Evaporator Gj‘
20°C ‘ g, | S
x=023 k
40PC
Water
0°C

FIGURE P11-35

subcooling of the refrigerant in the condenser, (#) the mass
flow rate of the refrigerant, (c) the heating load and the COP
of the heat pump, and (d) the theoretical minimum power
input to the compressor for the same heating load. Answers:
(8) 3.8°C, (D) 0.0194 kgfs, (c) 3.07 KW, 4.68, (d) 0.238 kW



11-35 A geothermal heat pump is considered The degrees of subcooling done on the refrigerant in the
condenser, the mass fow rate of the refrigerant, the heating load, the COP of the heat pump, the mininmmm
power input are to be determined.
Assumprions 1 Steady operating conditions exist 2 Kinetic and potential energy changes are negligible.
Amalysis (@) From the refrigerant-134a tables
{Tables A-11 through A-13) Q Gy

I, =20°C| P, = 572.1kPa i

k
x4 =023 | hy =121.4KkIkg +— Condenser L 1.4 MPa

h, =h, 3 2 4 5= 5,

Expansion W
P =5721kPa ]nl - 260.50kTkg )g valve .

Compressor :p‘—
i =1(sat.vap)| 5, = 09223 kT kg

P, -lmkPa]lk 280,00k ks 4 1
2= ' ; Evaporator =
20=C

4 sat. vap.
From the steam tables {Table A—4) w=0.23 & ‘L

I3 =5

Bay = h e = 20034k kg 40°C

Water
By =hp e =16753 k0 kg SFC
The szturation temperamire at the condenser
pressure of 1400 kPa and the aciual temperamre T A
at the condenssr ontlet are

Tog @14001ps = 5240°C

r

Py =1400kPa
3 T, = 42.39°C (from EES) 3
By =121.24K7|

Then the degrees of subcooling is
AT it =T — T3 = 5240—-4350 =3 .81°C 45

(#) The rate of heat sbsorbed from the
zeothermal water in the evaporator is

Oy =i, (B —h2) = (0.065 kg's)20034 —167.53)kT kg = 2 TIZ KW
This heat is absorbed by the refigerant in the evaporator
g _ 2718kW
hy—hy  (2601.59-121.24)kTkg
() The power input to the compressor, the heating load and the COP are
W, =titg (s =y )+ 0, = (0.01936kg/s)280.00 - 261 50)kTkE = 0.6564 KW
Q"H =it (hy —hy) = (001936 kg/s) 28000120240k T ke — 3074 kW

g =

= 0.01936 kgis

W, O8564EW
(af) The reversible COP of the cycle is
1 - 1 _
1-T, /Ty 1-(25+273)/(50+273)
The comesponding minimom power mput is
Oy 3074EW

Wi = e T ——— _ (.238 kW
COP,, 1282

COP,, - 12.92




Innovative Refrigeration Systems

11-42 Consider a two-stage cascade refrigeration system
operating between the pressure limits of (0.8 and 0.14 MPa.

Each stage operates on the ideal vapor-compression refrigera-
tion cycle with refrigerant-134a as the working fluid. Heat
rejection from the lower cycle to the upper cycle takes place
in an adiabatic counterflow heat exchanger where both
streams enter at about 0.4 MPa. If the mass flow rate of the
refrigerant through the upper cycle is 0.24 kg/s, determine (a)
the mass flow rate of the refrigerant through the lower cycle,
(b) the rate of heat removal from the refrigerated space and
the power input to the compressor, and (c) the coefficient of
performance of this cascade refrigerator.

Answers: (3) 0.195 kg/s, (b) 34.2 kKW, 7.63 kW, (c) 4.49

11-41 A mwo-stage cascade refrigeration system is considered Each stage operates on the ideal wapor-
compression cycle with refrizerant-134a as the working fluid. The mass flow rate of refrigerant through the
lower cycle, the rate of heat removal from the refrizerated space, the power mput o the compressor, and
the COP of this cascade refrizerator are to be determined
Assumprions 1 Steady operating conditions exist. 2 Kinetic and potential energy changes are neglizible. 3
The heat exchanger is adiabatc.
Amalysis (a) Each stage of the cascade refrigeration cycle is said to operate on the ideal vapor compression
refrigeration cycle. Thus the compression process is isentropic, and the refrigerant enters the compressor
a5 3 samurated vapor at the evaporator pressure.  Also, the refrigsrant leaves the condenser as 3 saturated
liguid at the condenser pressure. The enthalpies of the refrigerant at all 8 states are detenmined from the
refrigerant tables (Tables A-11, A-12, and A-13) to be

By =23016kTkz, k&, = 26058 kTkz

By = 8394kTks, hy =6394kTkz

By, = 25555 k0kg, k= 26001KkTkg

By = 0547 kIkz, Fy =0547kIkg

The mass flow rate of the refrigerant through the
lower cycle is determined from an enerzy
balance on the heat exchanger:

Eh _ F-'.-_.u - eqmﬂrﬂ_m -0
E.=-E.
Zmb - Z:&,k,
sty (g — g | = sing [y — by |
hi—hy . 255.55-9347,

- W, - (024 kg/s) - 01954 Lg's
n—h, 4 26058-6384 ) kel

Mg

(#) The rate of heat removed by a cascade cycle is the rate of beat absorption in the evaporator of the
lowest stage. The power input to a cascade cycle is the sum of the power inputs to all of the compressors:

O =rig iy —hy )= (01958 k2523016 - 63.04 | kTkg = 34.24 LW
7, = Wmmpr- ":_;E..q.n:in -, ['f"e —hg )+ mglhy - ) i
= (0.24 ks [269 91— 255 55 | kg + (0.1954 ke/s 260,58 — 230 16 kT'kg
- T63 KW
() The COP of this reffigeration system is determined from its definition,
g, 344w

COP, = etk
® TEEW

mLin



11-43 Repeat Prob. 1142 for a heat exchanger pressure of
0.55 MPa.

11-43 A two-stage cascade refrigeration system is considered Each stage operstes on the ideal vapor-
compression cycle with refrigerant-134a as the working fluid. The mass flow rate of refrigerant through the
lower cycle, the rate of heat removal from the refrizerated space, the power input to the compressor, and
the COP of this cascade refrigerator are to be determined
Assumprions 1 Steady operating conditions exist. 2 Einetic and potential energy changes are neglizible. 3
The heat exchanger is adiabatc.
Amalysis (@) Each stage of the cascade reffigeration cycle is said to operate on the ideal vapor compression
refrigeration cycle. Thus the compression process is isenmopic, and the refrigerant enters the compressor
a5 @ samrated vapor at the evaporator pressure.  Also, the reffigerant leaves the condenser as 3 saturated
liquid at the condenser pressure. The enthalpies of the refrigerant at all 8 states are determined from the
refrigerant tables (Tables A-11, A-12, and A-13) to be

h =230 16kIkg, h, -26734kTkg

By = T7T54kTkE, hy =T7.54ETkz

h, =26092klkg, h, =268 66kTkg

hy = 8547 kTkE, iy =9547 kIkg

The mass flow rate of the refrigerant throngh the
lower cycle is determined from an energy
balance on the heat exchanger:

- - S0 {memly)
E —E M0

im Euu
-E.'n - Euu

th - Zn‘:,n,
tity [y — g )= it g [y — By )

By — Ry 26092 -9547
- My o=

by =l 267.34-7754
(¥} The rate of heat removed by a cascade cycle is the rate of heat absorption in the evaporator of the
lowest stage. The power input to a cascade cycle is the sum of the power inputs to all of the compressors:

O, =rig(h -k, )= (02092 kgis)239.16 - 77.54) kT kg = 33.51 kKW
L 'Wmmp:in +]F-\.'|lq||'[in 'f’.i':{fe_"‘s:l"'_'i’ﬁ[kz _kl:;l_ )
=024k Iﬂﬁﬂ.ﬁﬁ - 260.92 | kI'kg + (0.2002 kg's 267 34 - 230.16)kTkg
=795 EW
(¢} The COP of this refrigeration system is determined from its definition,

g, 3381 kW

(024kg's) = 0.2002 ks

Tty



1144 A two-stage compression refrigeration system

operates with refrigerant-134a between the
pressure limits of | and 0.14 MPa. The refrigerant leaves the
condenser as a saturated liquid and is throttled to a flash
chamber operating at 0.5 MPa. The refrigerant leaving the
low-pressure compressor at 0.5 MPa is also routed to the
flash chamber. The vapor in the flash chamber is then com-
pressed to the condenser pressure by the high-pressure com-
pressor, and the liquid is throttled to the evaporator pressure.
Assuming the refrigerant leaves the evaporator as saturated
vapor and both compressors are isentropic, determine (a) the
fraction of the refrigerant that evaporates as it is throttled to
the flash chamber, (b) the rate of heat removed from the
refrigerated space for a mass flow rate of 0,25 kg/s through
the condenser, and (c) the coefficient of performance.

11-44 [dlzo zolved By EES en enclosed CD] A two-stage compression refrigeration system with
refrigerant-134a as the working fluid is considered. The fraction of the refrizerant that evaporates as it is
throttled to the flash chamber, the rate of heat removed from the refrizerated space, and the COP are to be
determined.
Assumperons 1 Steady operating conditions exist. 2 Kinetic and potential energy changes are neglizible. 3
Amalysis (@) The enthalpiss of the refrigerant at several states are determined from the refrizerant tables
(Tables A-11, A-12, and A-13) o be
By =230 16kTks, &y =26531KTke Th
By =250 30 kTkg,
hy = 10732 kTkg, R, =107.32kIkg
hy = T333KkIkE, By =T333kIEE
The fraction of the refrigerant that evaporates as
it is throtiled to the flash chamber is simply the
quality at state &,
by —h, 10732-73.33

k.@ 18508

(#) The enthalpy at state 9 is determined from an energy balance on the mixing chamber:
En _Euul - ﬂwtnfniﬂ“ -0
E, =E.
Z ﬁd kﬂ! - Z ﬂ.'rr'kr
(Ui = xhy + 01— xc It _ _
hy =0, 1323]:259.3u)]+ (1-0.1828)(26531) - 26421 kT ke

x, - 0.1828

P =1MPa

— 27897 kTk
:,,-;g,-u_tawsikj.-tg-xlm £

Then the rate of heat removed from the refrigerated space and the compressor work input per umit mass of
refrigerant flowing through the condenser are

ty = (1= x, i, =(1-0.1828)0.25 kg/s) = 0.2043 kg/s
£, =gl —hy ) - (0.2043 kz/s)230.16 - 73,33 kg - 33.88 kW

Wi -“%met'- "j“-i.m,.r:iu-ﬁﬂ:-h—h':-:H#fR[hz—ﬁl}_ _
= (025 ks (278,97 - 264.21) kTkz + (0.2043 kg's)(26531-230.16)kTke
- B 03EW

(¢) The coefficient of performance is determined from



1147 Consider a two-stage cascade refrigeration system
operating between the pressure limits of 1.2 MPa and 200
kPa with refrigerant-134a as the working fluid. Heat rejection
from the lower cycle to the upper cycle takes place in an adi-
abatic counterflow heat exchanger where the pressure in the
upper and lower cycles are 0.4 and 0.5 MPa, respectively. In
both cycles, the refrigerant is a saturated liquid at the con-
denser exit and a saturated vapor at the compressor inlet, and
the isentropic efficiency of the compressor is 80 percent. If
the mass flow rate of the refrigerant through the lower cycle
is 0L.15 kgfs, determine (a) the mass flow rate of the refriger-
ant through the upper cycle, (b) the rate of heat removal from
the refrigerated space. and (¢) the COP of this refrigerator.
Answers: (3) 0.212 kgls, (b) 25.7 kW, (c) 2.68

11-47 A two-stage cascade refmigeration cycle is considered. The mass flow rate of the refrigerant through
the upper cycle, the rate of heat removal fom the refmgerated space, and the COP of the refrizerator are to

be determined

Assumpitons 1 Steady operating conditions exist 2 Finstic and potential energy changes are negligibla.

Amalysis (@) The properties are to be obtained from the refrigarant tables (Tables A-11 through A-13):

By =y sne = 24446 KT kg

5| =g monrs = 09377 KTk K t Ay
Py = S00kP . dens
3 = } hy, =263.30 kIkz —f Cendenser
F3 =0y J 7 &
By, -y XEmpansim
. § aly
e By —i, e Compressor
263.30-244.46
080-——" "7 .k, ~268.01kTkg
hy—244.46 g 5
k Ewv. rator
s = By 0y = 7333 KTz pnan —
By =y =73.33 KTkg — Condenser
By =By sy = 25555 Kl kg 3 _ 2 A
S5 = Sy sonpe = 0.9269 KIkg K E‘E:J':;m
Compressor
F, =1200kPa
hg, = 278.33kTkg
Tg =iy ] 4 1
hs, —hs t Evaporator i

g =
by =y { g
L

178.33-255.55
080-" " Ly B402kTke
k; —255.55

By =M ymimoses =117.77 KTkg
by =hy =117.77 KTkg

The mass flow rate of the refrigerant through the upper cycle is determined from an energy balance on the

heat exchanger
Mg (hs —hg) = ditg (H; —13)

# (255,55 -117.7T)kT kg = (0.15 kg/s) (268 01— T3 33kTkz — =, —0.212kgls

(¥) The rate of heat removal from the refrigerated space is

8, =gk, —h, ) =(0.15kg/s)(244.46 - 73.33)k1 kg - 25.67 kW
() The power input and the COP are

Wiy = it (g — 15) + g (12 — 1)

= (0,15 kg/s)(284.00 — 255 557kT kg + (0,212 kz/s){268.01 — 244 46)kT ke = 9 S66KW

L Yo"

A o |
Condenser  ——
®

X E:E_‘Z"Sio“ Compressor | [~ ‘-1'h
Evaporator @
@ M Heat
Condenser
@
% E:E;"Sio“ Compressor | | ﬁ




11-55 An ideal gas refrigeration cycle using air as the
working fluid is to maintain a refrigerated space at —23°C
while rejecting heat to the surrounding medium at 27°C. If
the pressure ratio of the compressor is 3, determine (a) the
maximum and minimum temperatures in the cycle, (b) the
coefficient of performance, and (c) the rate of refrigeration
for a mass flow rate of 0.08 kg/s.

11-55 An ideal-gas refrizeration cycle with air as the working fluid is considered. The maximuom and
minitmm femperatures in the cycle, the COP, and the rate of refrigeration are to be determined
Assumprions 1 Steady operating conditions exist. 2 Adr is an ideal gas with variable specific heats. 3
Kinetc and potential energy changes are nagligibla.

Amalysis (@) We assume both the murbine and the compressor to be isentmopic, the murbine inlet temperamre
o be the temperature of the surmoundings, and the compressor inlet temperatare to be the temperatore of
the reffigerated space. From the air table (Table A-17),

T-250KE —  h =25005k] kg r
B -07320 A

L=300E —  hiy=30019KI/ke

P, -1386 17C
23C

P - %Pﬁ =(3)M07320)m 21087 —= T, =T, = MI1K
! ity = 34260 kT kg =

Y1.386) = 0462— T, =T, ~2190K

s

i
r-2r -1
A w3 B, =218.07 klkg
i 5 5 Ie eration cycle 1s
B) The COP of this idesl z2s rafrigeration cycle is daterminad from

cop, -—2L__ 9

W

-zl..iu “‘-\.'IB“I_I _“-l.l.llll ol
whars
gy =l —hg = 2500521807 = 3108 kT 'kg
Woemp i = fy —fy = 34260 - 25005 = 9255 KT 'kg
Wit o = By —hy = 3001921897 - 8122 kT kg
3108
9255-8122
(¢} The rate of refngeration is determined to be

O =7ilgy ) = (0.08 ks )(31.08 kT kg) - 2.40 ks

Thus, COP; - 174



11-61 A gas refrigeration system using air as the working
fluid has a pressure ratio of 4. Air enters the compressor at
—7°C. The high-pressure air is cooled to 27°C by rejecting
heat to the surroundings. It is further cooled to —15°C by
regenerative cooling before it enters the turbine. Assuming
both the turbine and the compressor to be isentropic and
using constant specific heats at room temperature, determine
(@) the lowest temperature that can be obtained by this cycle,
(b)) the coefficient of performance of the cycle, and (c) the
mass flow rate of air for a refrigeration rate of 12 kKW.

Answers: (81 —99.4°C, (b) 1.12, (c) 0.237 kg's

11-61 An ideal-gas refrigeration cycle with air as the working flnid is considered The lowest temperamre
that can be obizined by this cycle, the COP, and the mass flow rate of air are to be determined.
Assumprions 1 Steady operzting condidons exist ? Air is an ideal gas with constant specific heats. 3

Kinetc and potential energy changes are negligible.

FProperdies The properties of air at room temperature are ¢, = 1.005 kIkg K and k= 1.4 (Table A-T).
Amglysts (1) The lowest temperamre in the cycle ocours at the turbine exit. From the isentropic relations,

KPJ

[-thn
L-T E] ~lzes KN4 L3953 K122 3°C

B [e-1)vk e
I, =T, —’] -(zseE) I] =173 6K =—004°C=T
L
(b} From an energy balance on the regenerator,

En _E\'.l.ll -".:"Entnﬂncm“ -0
Ein -'Eu.ll

Somh, = mh, —s mlhy — by ) - min -k

J'Hcyl_T_, ‘T-L::"Wpl:n -I)—T,-T,=-T,-T,

Ty =T - T + T ={-7°C)—27°C + [-15°C) = —a0°C

Then the COP of this ideal gas refrigeration cycle is determined from

cop, 9L _ 91
. W, w-::mp,n _“‘:uuh_wl
kﬁ - ki
- “1! _h1 ]_ Eh-i- _k!-j
T:-Ts
- 1.'?! _TI. - T-i _Ti ]
—40°C —[-99.4°C)
[ EEIE T | T ST | T

(¢} The mass flow rate is determined from

- Q:ﬁ-i; - Qurri; - _ﬂrd]q_ 12kl/s

mclm

112

]

a M=k c[T,-T,] (1005 kTke-~CJ-49-[-9e4]FC

- 0,237 kg/s



11-74 A reversible absorption refriperator consists of a
reversible heat engine and a reversible refrigerator. The sys-
tem removes heat from a cooled space at —10°C at a rate of
22 kW. The refrigerator operates in an environment at 25°C.
If the heat is supplied to the cvcle by condensing saturated
steam at 200°C, determine (a) the rate at which the steam
condenses and (b) the power input to the reversible refrigera-
tor. (c) If the COP of an actual absorption chiller at the same
temperature limits has a COP of (1.7, determine the second
law efficiency of this chiller. Answers: (3) 0.00408 kgis,
(b) 2.93 kW, (c) 0.252

®




11-74 A reversible sbsorption refrigerator consists of a reversible heat engine and a reversible refrigerator.
The rate at which the steam condenses, the power input to the reversible refrigerator, and the second law
efficiency of an acmal chiller are o be determined

Preperdies The enthalpy of vaporization of water at 200C is hg = 1939 8 kIlkg (Table A-4).
Amalysis (@) The thermal efficiency of the reversible heat engine is

T 25+273.15)K
Tt IR b ) L ey
T, {(200+273 15K
The COP of the reversible refrigerator is
T -10+27315)E
COP; == i ) -752 l l
’ I,-T, (25+27315)-(-10+273.15) K
The COP of the reversible absorption refrigerator is
e Rev.
COPy vy = Mo COPg o, = (03T0)(7.520 =278 m— "
The heat input to the reversible heat engine is
. ; KW
Qh‘#'i-j_{“]t‘w l I
COPyy i 278
Then, the rate at which the steam condenses bacomes o °
i, =S TS 4 0408 kgs

hy 1938.8kTkg
(%) The power input to the refrizerator is equal to the power output from the heat engine
Wna - R"m‘ HE = Mo res Q'_, = (03TH{TA1I1IEW) = 2.33 KW
() The second-law efficiency of an actal sbsorption chiller with a COPof 0.7 is
COP g 0.7
COP, 278

al gz

- 0.252

T



