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Why do we study the reversed Carnot cycle even
though it is not a realistic model for refrigeration cy—clcs'?
?=133C  Why is the reversed Carnot cycle executed within
the saturation dome not a realistic model for refrigeration
cycles? 3
9-134 A steady-flow Camnot refrigeration cycle uses refriger-
ant-134a as the working fluid. The refrigerant changes from
saturated vapor to saturated liquid at 40°C in the condenser
as It rejects heat. The evaporator pressure is 100 kPa. Show
the cycle on a T-s diagram relative to saturation lines, and
determine (a) the coefficient of performance, (b) the amount
of heat absorbed from the refrigerated space, and (c¢) the net
work input. Answers: (a) 3.72, (b) 128 kl/kg, (c) 34.6 kl/kg

9-135 Refrigerant-134a enters the condenser of a steady-
flow Carnot refrigerator as a saturated vapor at 0.6 MPa, and
it leaves with a quality of 0.05. The heat absorption from the
refrigerated space takes place at a pressure of 0.2 MPa. Show
the cycle on a 7-s diagram relative to saturation lines, and
determine (a) the coefficient of performance, (b) the quality
at the beginning of the heat absorption process, and (c) the
net work input.

Ideal and Actual Vapor-Compression Refrigeration Cycles

9-136C Does the ideal vapor-compression refrigeration
cycle 'il\VO]V& any internal irreversibilities?

9-137C  Why is the throttling valve not replaced by an isen-
tropic turbine in the ideal vapor-compression refrigeration
cycle?
9-138C It is proposed to use water instead of refrigerant-
134a as the working fluid in air-conditioning applications
where the minimum temperature never falls below the freez-
ing point. Would you support this proposal? Explain.
(‘)—-1396 ] In a refrigeration system, would you recommend
" condensing the refrigerant-134a at a pressure of 0.7 or
1.0 MPa if heat is to be rejected to a cooling medium at
15°C? Why?
0-140C Does the arca enclosed by the cycle on a T-s dia-
gram represent the net work input for the reversed Carnot
cycle? How about for the ideal vapor-compression refrigera-
tion cycle?
9_141C Consider two vapor-compression refrigeration
cycles. The refrigerant enters the throttling valve as a satu-
rated liquid at 30°C in one cycle and as subcooled liquid at
30°C in the other one. The evaporator pressure for both
cycles is the same. Which cycle do you think will have a
higher COP?
9_142C The COP of vapor-compression refrigeration cycles
improves when the refrigerant is subcooled before it enters the
throttling valve. Can the refrigerant be subcooled indefinitely
to maximize this effect, or is there a lower limit? Explain.
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9-144° An ideal vapor-Compression refrigeratiop i
uses/refrigerant-134a as 1ts working fluid Maintzi; ch
denser at 1000 kPa and the evaporator at 4°C, De[er‘ 4 oy,
system’s COP and the amount of power required " b
400 kW cooling load. Answers: 6.46, 61.9 kw
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9-145 |A refrigerator uses refrigerant-134a as the oi'e
id apd operates on an ideal vapor-compression e

tion cycle between 0.12 and 0.7 MPa. The mass flo¥ 'r;ueo

the refrigerant is 0.05 kg/s. Show the cycle on a IS dia ‘

with respect to saturation lines. Determine (a) the 12t s <

removal from the refrigerated space and the power inp . [Oenl.

compressor, (b) the rate of heat rejection to the enVl,fﬂnTk“u‘-\

and (¢) the coefficient of performance.  Answers: (a’:

1.83 kW, (b) 9.23 kW, (c) 4.06

of
9-146  Repeat Prob. 9-145 for a condenser P“"‘”"c'ure
0.9 MPa.

by
9-147 If the throttling valve in Prob. 9-145 i r.epli‘:;(: i
an isentropic turbine, determine the percentage mCFaera(fd
the COP and in the rate of heat removal from the el
Space.  Answers: 4.2 percent, 4.2 percent
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| Rc‘f‘riga‘:ﬁlv;llﬂﬂ at {Pa and —5°C at a rate of
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::;IH jineS: :j“:'pﬂt‘t’ and the powe! nput to the compressor, (b)
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lhci-“ll_1.t~ igt‘rulOl Answers ).42 kW, 3.63 kW, (b) 74.1
lh“lli.) 2,60

jgerator with refrigerant-134a as the
to keep the refrigerated space at —30°C
heat to cooling water that enters the con-
- eject :S° ¢ at 4 1Al of 0.25 kg/s and leaves at 26°C. The
dL.r,:ccr ;llt e the condenser at 1.2 MPa and 65°C and
"'mgf‘,n:n./t »C. The inlet state of the compressor is 60 kPa and
k;{\,ib szd e compressor is estimated to gain a net heat of
glnd e surroundings. Determine (a) the quality of the
at the evaporator inlet, (b) the refrigeration load,
frigerator, and (d) the theoretical maximum
the same power input to the compressor.
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9-152 A refrigerator uses rcir1gerzu1l—134u as the woll\mg
ion refrigeration

fluid and operates on the ideal vapor—compl‘CSS
cycle except for the compression process- The refrigerant enters
the evaporator at 120 kPa with a quality of 30 percent and
leaves the compressor at 60°C. If the compressor consumes
450 W of power, determine (a) the mass flow rate of the refrig-
erant, (b) the condenser pressure, and (c) the COP of the

) 0.00727 Kg/5

refrigerator.  Answers: (3] 1
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9-153 The manufacturer i
| of an air condition: i
s?r}al energy e.fﬁcu?ncy ratio (SEER) of 16 (Bf\i/f\l)?\;lsfa T
0 1t.s un1t§. This unit operates on the normal vapor-co Wis
;:le:%ge'?;}on cycle . and uses refrigerant-22 as them\I:/resgon
id. This SEER. is for the operating conditions whor e
:;itapogator saturation temperature is —5°C and the co Zn b
uration temmmture is 45°C. Selected data for refri i
are provided in the table below. rasen 22

Tk
Osigr Bisisu kB2 hy, kJlkg  hg, kl/kg Sg kd/kg:-K
g 3

=5 421.2 38.76
: 248.1
45 1728 101 261.9 8223:

(a) Sketch the hardware and :
bl the T-s diagram for this air con-
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(b) Determine the heat absorbed by the refrige:
orator per unit mass of refrigerant-22, i

(¢) Determine the work input to th
rejected in the condenser per uni
in kJ/kg.

9-154 An actual refrigerator operates on the vapor-
compression refrigeration cycle with refrigerant-22 as the
working fluid. The refrigerant evaporates at — 15°C and con-
denses at 40°C. The isentropic efficiency of the compressor is
83 percent. The refrigerant is superheated by 5°C at the com-
pressor inlet and subcooled by 5°C at the exit of the con-
denser. Determine (a) the heat removed from the cooled
space and the work input, in kJ/kg and the COP of the cycle.
Determine (b) the same parameters if the cycle operated on
the ideal vapor-compression refrigeration cycle between the
same evaporating and condensing temperatures.

The properties of R-22 in the case of actual operation are:
h, = 402.49 kJ/kg, h, =454.00 kl/kg, hy = 243.19 kl/kg

The properties of R-22 in the case of ideal operation are:
hy = 399.04 kl/kg, h, = 440.71 kl/kg, h; = 249.80 ki/kg
Note: state 1: compressor inlet, state 2: compressor exit, state
};_cggenser exit, state 4: evaporator inlet.

| 9-155 A refrigerator uses refrigerant-134a as the working
fluid and operates on the vapor-compression refrigeration cycle.
The evaporator and condenser pressures are 200 kPa and 1400 kPa,
respectively. The isentropic efficiency of the compressor is
88 percent. The refrigerant enters the compressor at a rate of
0.025 kg/s superheated by 10.1°C and leaves the condenser
subcooled by 4.4°C. Determine () the rate of cooling provided
by the evaporator, the power input, and the COP. Determine
(b) the same parameters if the cycle operated on the ideal
vapor-compression refrigeration cycle between the same

pressure limits.

Heat Pump Systems
9-156C Do you think a heat pump system will be more
cost effective in New York or in Miami? Why?

9-157C What is a water-source heat pump? How does the
COP of a water-source heat pump system compare to that of

an air-source system?

9-158 A heat pump uses refrigerant-134a as the working
fluid and operates on the ideal vapor-compression refrigeration
cycle. The condenser pressure is 700 kPa while the evaporator
temperature is 4°C. What is the COP of this heat pump?

9-159 A heat pump operates on the ideal vapor-compression
refrigeration cycle and uses refrigerant-134a as the working
fluid. The condenser operates at 1000 kPa and the evaporator
at 200 kPa. Determine this system’s COP and the rate of heat
supplied to the evaporator when the compressor consumes

6 kW.
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(c¢) Determine the COP of the heat pump,

Refrigerant-134a data: 77 = 20°C: h, = 794 i
hy = 261.6 kifkg: P = 1400 kPa: Jy = 137, I
h, = 276.2 kJ/kg

9-161 A building requires a 2-ton heat pump for Maintyi,
ing the interior space at 27°C when the outside temperatyp, J
5°C. The heat pump operates on the normal Vapor-compresgj,,
refrigeration cycle and uses refrigerant-134a as the yop;,
fluid. The heat pump operating conditions require ap e‘.ap;
rator pressure of 240 kPa and a condenser pressyre of
1600 kPa while the compressor has an isentropic efficiey,
of 85 percent. Selected data for refrigerant-134a are proyige

in the table below.

PRKRARNTER S hy, kJ/kg hg, kKllkg s, kikgk
24088 =537 43 244 0.9222
1600 57892 134 25 0.8982

For R-134a at P = 1600 kPa and s = 0.9222 kikgK.

h = 285 kJ/kg. Also, 1 ton = 211 kJ/min.

(a) Sketch the hardware and the 7-s diagram for this hea
pump system.

(b) Determine the power required to drive the heat pump. i
kW and the COP. Answers: (b) 2.14 kW, 3.29

9-162 A heat pump with refrigerant-134a as the workin?
fluid is used to keep a space at 25°C by absorbing heat flo"
geothermal water that enters the evaporator at 50°C at a ¢
of 0.065 kg/s and leaves at 40°C. The refrigerant enters ¢
evaporator at 20°C with a quality of 23 percent and leaves .
the inlet pressure as saturated vapor. The refrigerant 10
300 W of heat to the surroundings as it flows through mj
compressor and the refrigerant leaves the compressor & 'e
MPa at the same entropy as the inlet. Determine @ Ib,
degrees of subcooling of the refrigerant in the condenser d
the mass flow rate of the refrigerant, (c) the heating loa f
the COP of the heat pump, and (d) the theoretical {“’“lzad
power input to the compressor for the same heaungzze&
Answers: (a) 3.8°C, (b) 0.0194 kgs, (c) 3.07 KW *
(d) 0.238 kW
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