Problem #1

Assumpitons 1 Steady operating conditions exist. 2 Kinetic and potential energy changes are negligible.
Arnalysis (a) From refrigerani-1 34a tables (Tables A-11 through A-13)
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(&) The meass flow rate of the refrigerant may be determined from an energy balance on the compressor
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The waste hieat transferred from the refrigerant, the compressor power input, and the refrigeration load are
Oy =g (ha = hy )= (00455 kgs)295.16-111.23)klkg = 8367 kW
Wy =amgihy —hy)— 0y = (00455 kgls}295.16—230.03)k kg —0.45 kW = 2. 513 kW

Op =0y —W, =8367-2513=5.85kW

(&) The COP of the refrigerator is detenmined T h
from its definition
cop=ZL _ 585 _o
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()} The reversible COP of the refrigerator for the
same temperature limits is
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Then, the maximum refrigeration load becomes

O\ e = COP, W, = (5.063M2.513kW) = 1272 kW



Problem #2

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

Analysis (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 (Tables A-12 and A-13),

sat. vapor 5 = .'I'S @ 120 kPa =0.94779 le'fkg -K T A
P, =0.7MPa
2 }hz =273.50 kl/kg (T, =34.95°C)
§¥2 =5
P; =0.7 MPa
sat. liquid ]h3 =hy@o7 v, =88.82 kl/ke

hy = hy; =88.82 kl/kg {lhrottling)
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Then the rate of heat removal from the refrigerated / 0, \
space and the power input to the compressor are

determined from

0, =milh, —hy)=1(0.05 kg/s)236.97 — 88.82) k/kg = 7.41 kW
and

W, = nit(hy —hy )= (0.05 kg/s)(273.50 — 236.97) kl/kg = 1.83 kW
(b) The rate of heat rejection to the environment is determined from

0y =0; +W., =7.41+1.83=9.23 kW
(¢) The COP of the refrigerator is determined from its definition,
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Problem #3

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

Analysis (a) From the refrigerant tables (Tables A-12 and A-13),

P, =0.14 MPa | h, =246.36 ki/kg
7, =-10°C |5, =0.97236 ki/kg K T

P, =0.7 MPa

I = 50°C } , = 288.53 ki/kg

. =0.7MPa

h,, = 281.16 ki/kg

5
5 _,!]

hy = hy g yioc =84.98 kl/kg

P, =0.65 MPa
T, =24°C

hy = h, = 8498 kl/kg (throttling )

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

O, =alhy —hy)=(0.12 kg/s)246.36 —84.98) ki/kg = 19.4 kKW
and

W, =nilhy —hy )= (0.12 kg/s)(288.53 — 246.36) kl/kg = 5.06 kW

(b) The adiabatic efficiency of the compressor is determined from

_ oy =hy _ 281.16-246.36 _

= =82.5%
Te =, —h  288.53-246.36

(¢) The COP of the refrigerator is determined from its definition,

COP, = _O _194KW 00
W, 5.06 kW
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Problem #4

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

Analysis (a) (b) From the refrigerant-134a tables (Tables A-11 through A-13)
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The mass flow rate of the refrigerant is
determined from T A
W !
=—1= 045 kW =0.00727 kg/s

hy—h,  (298.87—236.97)kl/kg
(c) The refrigeration load and the COP are

O =rir(hy —hy)
=(0.0727 kg/s)(236.97 - 86.83)kJ/kg
=1.091 kW
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Problem #5

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

Analysis (a) The properties are to be obtained from the refrigerant tables (Tables A-11 through A-13):
hl = hg@ 200 kPa — 244 .46 kJ}'rkg

5 = Sg@_ 200 kPa = 0.9377 k.]}'rkgK t QH
P, =500kPa g
: }hh = 263.30 ki/kg — Condenser
§y =5 7
6 .
hy —hy X Expansion W
Te= hy —h valve Compressor -
0.80= 263.30-244.46 > h, =268.01kl/kg
hy —244.46 g 5
: Evaporator i
hy =h; =73.33 kl/kg : Condenser
3
hs = hyq ao0 kpa =255.55 kl/kg B . 27 ]
) xpansion
S5 =S 4@ 400 kpa = 0.9269 kl/kg.K Xvaﬁe Wi
Compressor ]
P, =1200kPa L
hg, =278.33 kl/kg
Sg =S5 4 1
; Evaporator i
Do = heg, —hs 4
c=— 3 ;
he = hs \o
0.80 = 278:33=255-55 > hg = 284.02 kl/kg
hg —255.55

hy =h @100 kea =117.77 kl/kg
hg =h, =117.77 ki/kg

The mass flow rate of the refrigerant through the upper cycle 1s determined from an energy balance on the
heat exchanger
i (hs ) =1ty (hy — )
m 4 (255.55-117.77)kJ/kg = (0.15 kg/s)(268.01-73.33)kl/kg ——> m , = 0.212 kg/s
(b) The rate of heat removal from the refrigerated space is
O, =rnig(hy —hy)=(0.15 kg/s)(244.46 - 73.33)kJ/kg = 25.67 kW

(c) The power input and the COP are

.

Win =1 4(hg —hs)+mg(hy —hy)
=(0.15kg/s)(284.02 - 255.55)kl/kg + (0.212 kg/s)(268.01 — 244.46)k]/kg = 9.566 kW

COP =Q—L=m=2.68
9.566
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