ciency and the exergy
heat of bananas ab
(@) 61,100 kJth, 1.97. (b) 0.4

destruction for the cycle. The specific
we freezing is 3.35 kl/kg °C.

h3 |

Il—Z? A vapor-compression refrigeration system absorbs
heat from a space at 0°C at a rate of 24.000 Btu/h and rejects
heat to water in the condenser. The water experiences a tem-
peml.urc rise of 12°C in the condenser. The COP of the sys-
tlem is estimated (o be 2.035. Determine (a) the power inpuf o
the system, in kW, (b) the mass flow rate of water through
the condenser, and (c¢) the second-law efficiency and the
exergy destruction for the refrigerator. Take 7, ="20°C and
Cpwaer — 4.18 kJ/kg-°C.

ll_—:"() A refrigerator operating on the vapor-compression
refrigeration cycle using refrigerant-134a as the refrigerant is
considered. The temperature of the cooled space and the
ambient air are at —-13°C and 27°C, respectively. R-134a
enters the compressor at 140 kPa as a saturated vapor and
leaves at 1 MPa and 70°C. The refrigerant leaves the con-
denser as a saturated liquid. The rate of cooling provided by
the system is 13 kW. Determine (a) the mass flow rate of R-
134a and the COP, (b) the exergy destruction in each compo-
nent of the cycle and the exergy efficiency of the compressor,
and (c¢) the second-law efficiency of the cycle and the total
exergy destruction in the cycle.

11-31 A room is kept at —12°C by a vapor-compression
refrigeration cycle with R-134a as the refrigerant. Heat is
rejected to cooling water that enters the condenser at 20°C at a
rate of 0.15 kg/s and leaves at 28°C. The refrigerant enters the
condenser at 1.2 MPa and 50°C and leave as a saturated liquid.
If the compressor consumes 2.2 kW of power, determine (a) the
refrigeration load, in Btww/h and the COP, (b) the second-law
efficiency of the refrigerator and the total exergy destruction in
the cycle, and (c) the exergy destruction in the condenser. Take
Ty = 20°C and ¢, yuer = 4.18 kI/kg-°C.  Answers: (a) 9610
Btu/h, 1.28, (b) 15.7 percent, 4.72 kW, (c) 0.349 kW

Water 20°C
28°C  0.15 kg/s

P £ iy,

1.2 MPa
sal. liquid

Compressor

Evaporator

FIGURE P11-31
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11=32 A relrigerator operaies on the ideal Vapor-cop
refrigeration cycle with refrigerant | 34a as the wm-ki] TCSSion
The refrigerant evaporates at —10°C and condengeg ulng Mlujg.
The refrigerant absorbs heat from a space at 5°¢ a ‘7"‘)'(“
heat to ambient air at 25°C. Determine (a) the COUIinJcJ%

in kJ/kg, and the COP, (b) the exergy destruction i'° ag,
: / : nie

component of the cycle and the total exergy dc“lrUCliun g

cycle, and (¢) the second-law efficiency In

of the Compreg,

evaporator, and the cycle. I

11-33 A refrigeration system operates on the ideal y.
compression refrigeration cycle with ammonia s the r:le)f-
erant. The evaporator and condenser pressures gre 200 }”P'
and 2000 kPa, respectively. The temperatures of the Iu-u
temperature and high-temperature mediums are —-9°C and
27°C, respectively. If the rate of heat rejected in the conden\na
is 18.0 kW, determine (a) the volume flow rate of ammonju:
the compressor inlet, in L/s, (b) the power input and (he Cop
and (¢) the second-law efficiency of the cycle and the lolai
exergy destruction in the cycle. The properties of ammonj,
at various states are given as follows: h; = 14393 g,
5= 5.8865 kIkg'K, v, = 0.5946 m¥/ke, h, = 17983 .
hy = 437.4 kl/kg, s; = 1.7892 kl/kg'K, 55 = 1.9469 Ufkg.]:;j
Note: state 1: compressor inlet, state 2: compressor ‘;\-i[_
state 3: condenser exit, state 4: evaporator inlet.

W-

11-34 Using EES (or other) software, repeat the pre-

£ vious problem if ammonia, R-134a, and R-2)
is used as the refrigerant. Also, for the case of ammonia, inves-
tigate the effects of evaporator and condenser pressures on the
COP, the second-law efficiency, and the total exergy destruc-
tion. Vary the evaporator pressure between 100 and 400 kP
and the condenser pressure between 1000 and 2000 kPa.

Selecting the Right Refrigerant

11-35C When selecting a refrigerant for a certain applica-
tion, what qualities would you look for in the refrigerant?

QI—?S?(E‘\ Consider a refrigeration system using refrigerant-

34a-as the working fluid. If this refrigerator is to operate in
an environment at 30°C, what is the minimum pressure ©
which the refrigerant should be compressed? Why?

11-37C A refrigerant-134a refrigerator is to maintain the
refrigerated space at —10°C. Would you recommend an evap-
orator pressure of 0.12 or 0.14 MPa for this system? Why’

11-38 A refrigerator that operates on the ideal vapor-oi
pression cycle with refrigerant-134a is to maintain the refn&
erated space at —10°C while rejecting heat to the environment
at 25°C. Seleet reasonable pressures for the evaporator and the
condenser, and explain why you chose those values.

vapor
heat &
ater at

11-39 A heat pump that operates on the ideal
compression cycle with refrigerant-134a is used to
house and maintain it at 26°C by using underground W
14°C as the heat source. Select reasonable pressures [Of the

R
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REFRIGERATION CYCLES
Refrigerant-134a enters the condenser ol
a rate of 0.018 kg/s

3°C. The refrigerant

d by 4°C. Detet

d |L'\itlx,'l'l

1147
tial heat pump at 800 kPa and 55°C al
and leaves at 750 kPa subcooled by
enters the compressor at 200 kPa superheate
mine (a) the isentropic efficiency of the compressor, (b) the
rate of heat supplied to the heated room, anc
the heat pump. Also, determine (d) the COP
heat supplied to the heated room if this heat pump oper
on the ideal vapor-compression cycle between the pressurc
limits of 200 and 800 kPa.

ated

Innovative Refrigeration Systems

11-48C  What is cascade refrigeration? What are the
tages and disadvantages of cascade refrigeration?

11-49C How does the COP of a cascade refrigeration sys-
tem compare to the COP of a simple vapor-compression cycle
operating between the same pressure limits?

advan-

11-50C A certain application requires maintaining the
refrigerated space at —32°C. Would you recommend a simple
refrigeration cycle with refrigerant-134a or a two-stage cas-
cade refrigeration cycle with a different refrigerant at the bot-
toming cycle? Why?

11-51C Consider a two-stage cascade refrigeration cycle
and a two-stage compression refrigeration cycle with a flash

chamber. Both cycles operate between the same pressure lim-
its and use the same refrigerant. Which system would you

favor? Why?

11-52C Can a vapor-compression refrigeration system with

a single compressor handle several evaporators operating at

different pressures? How?
11-53C In the liquefaction process, why are gases com-
pressed to very high pressures?
11-54 Ip. A two-stage compression refrigeration system
4@~ operates with refrigerant-134a between the
pressure limits of 1.4 and 0.10 MPa. The refrigerant leaves
the condenser as a saturated liquid and is throttled to a flash
chamber operating at 0.4 MPa. The refrigerant leaving the
low-pressure compressor at 0.4 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, () 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.

| (¢) the COP of
and the rate of

, {4 i flash chamb
‘ €I pres
SUre |
)

J,",.l,\w; P
0.6 MPa.
11-56 *Q‘f)‘ i\}.‘\." onsidel }}|'1i7, | 1 51 ljhi”g ILS (()i‘ U[}
Eg“ <oftware, investigate the effect of (he \':niw‘
. . . . ari(
for compressor efficiencies of 80, 9() i |:h
. X

refrigerants , ‘ ‘
percent. Compare the performance of the refrigeration s, i
1 riger JSlem
with different refrigerants.

a two-stage cascade refrigeration s
imi : SSlem
e pressure limits of 1.2 MPa ang W\
200

134a as the working fluid. Heat rejec
on

{1-57 Consider
operating between (I
kPa with refrigerant-
from the lower cycle to the upper cycle takes place in ap g

abatic counterflow heat exchanger where the pressure i gy,
upper and lower cycles are (?.4 and 0.5 MPa, respectively, |,
both cycles, the refrigerant 1s a saturated liquid at the ¢op.
denser exit and a saturated vapor at the compressor inlet,
the isentropic efficiency of the compressor is 80 percent, |f
the mass flow rate of the refrigerant through the lower cycle
is 0.15 kg/s, determine (@) the mass flow rate of the refri’ggp

Expansion
valve

Expansion
valve

Compressor

FIGURE P11-57




ooy Y from
& ngerdlti Space HL|.(( ) the COp of this refrigerator.
AnsweJ'S-' (a) 0_¢ i ) il RW. (C) 268

- — 845
‘ CHAPTER 11
& qrough the upper cycle, (b) the rate of hegt removal

(158 A two-evaporator compression refriger
as shown in the figure uses refrigerant- 1344 as the working
fuid. The System operates evaporator | 4 0°C, evaporator 2
 ~264°C, and the condenser at 80¢ kp -
drculated through the compressor o
(he low-temperature evaporator

ation system

a. The refrigerant is
ate of 0.1 kg/s ang
serves g cooling load of
¢ of the high-temperagure
y the compressor, and the
is saturated liquid at the exit

evaporator, the power required b
COP of the system. The refrigerang

mn, + n,

| FIGURE P11-59
Pressure /I
reducing

of 20 kJ/s. Determine the mass flow rate of R-134a and water
valve

in their respective cycles, and the overall COP of this cas-
caded system.

11-60 Perform a second-law analysis of the cascaded Sys-
tem of Prob. 11-59 when the low-temperature reservoir is at
—30°C and the high-temperature reservoir is at 30°C. Where
does the largest exergy destruction occur?

11-61 )Consider a two-stage cascade refrigeration cycle with
-flash”chamber as shown in the figure with refrigerant-134a

as the working fluid. The €vaporator temperature is — 0°C
and the condenser pressure is 1600 kPa. The refrigerant |
the condenser as a saturated liquid and is throttled to a flash
FIGURE p1 1-58 chamber operating at 0.45 MPa. Part of the refrigerant evapo-
- rates during this flashing process, and this vapor is mixed with

the refrigerant leaving the low-pressure compressor. The mix-
of the condenser and saturated vapor at the exit of each evapo- ture is then compressed to the condenser pressure by the high-

. g - The liquid in the flash chamber is
Tator, 309 ¢c. Answers: 6.58 kW, pressure compressor.
450 k\ifl\? ik e POIPRTSSOIEbIRER ROB! throttled to the evaporator pressure and cools the refrigerated
13 space as it vaporizes in the evaporator. The mass flow rate of
t

: the refrigerant through the low-pressure compressor is 0.11 kg/s.
Vi

Assuming the refrigerant leaves the evaporator as a saturated

caves

i i tem is to pro-
Wo-stage cascade refrigeration sys
 cooling a¢ —40°C while operating the hlgh-temper?t""‘i
“Ondenser 5 1.6 MPa. Each stage operates on the idea

vapor and the isentropic efficiency is 86 percent for both com-
ap“"‘CGmpression refrigeration cycle. The upper vapor com- pressors, determine (a) the mass flow rate of the refrigerant
Pression refrigeration sygstem (VCRS) uses water as its work- through the high-pressure compressor, () the rate of refriger-
Ing f)

uid anq operates its evaporator at 5°C. The lower CY‘{le ation supplied by the system, and (¢)
It "efrigerant-134a as its working fluid and Opfmte;f;:j ator. Also,
“denser at 400 kPa. This system produces a cooling ¢

L

the COP of this refriger-
determine (d) the rate of refrigeration and the COP
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FIGURE P11-61

if this refrigerator operated on a single-stage vapor-compres-
sion cycle between the same evaporating temperature and con-
denser pressure with the same compressor efficiency and the
same flow rate as calculated in part (a).

Gas Refrigeration Cycle
11-62C  How does the ideal-gas refrigeration cycle differ
from the Brayton cycle?

11-63C How does the ideal-gas refrigeration cycle differ
from the Carnot refrigeration cycle?

11-64C Devise a refrigeration cycle that works on the
reversed Stirling cycle. Also, determine the COP for this cycle.
11-65C How is the ideal-gas refrigeration cycle modified
for aircraft cooling?

11-66C In gas refrigeration cycles, can we replace the tur-
bine by an expansion valve as we did in vapor-compression
refrigeration cycles? Why?

11-67C How do we achieve very low temperatures with
gas refrigeration cycles?

11-68 / Air enters the compressor of an ideal gas refrig-
" eration cycle at 7°C and 35 kPa and the turbine

Ty

rate of air thy
. oy o}
el [hq

(b als for A
2) Ine net P““’L‘I' .ml!

specific he

in 1su u
th \ISwers: (ga) 154 [,

Repeat Pro ~i|;|1|cs\n|: iscnlrup[( eff

ciency ol sl per ind a lurbine 1sentropic C”“lk‘ian'\ u;‘
) |h,'|u'l|1

r-&s" Reconsider Prob. 11 h‘»L Using EES (or Other

software, study the effects of compressor “m;

wrbine isentropic efficiencies as they are varied from 70 ¢
100 percent on the rate of refrigeration, the net power inpur’
and the COP. Plot the T-s diagram of the cycle for the i‘»cn:
ll‘npic Casc.

11-71 A gas refrigeration cycle with a pressure ratio of 3
uses helium as the working fluid. The temperature of th;l
helium is —10°C at the compressor inlet and 50°C at the (.
bine inlet. Assuming isentropic efficiencies of 80 percent f,,
both the turbine and the compressor, determine (a) the mip;.
mum temperature in the cycle, (b) the coefficient of perfoy.
mance, and (¢) the mass flow rate of the helium for 4
refrigeration rate of 18 kW.

11-72 An ideal gas refrigeration cycle uses air as the work-
ing fluid. The air is at 35 kPa and —23°C as it enters the
compressor with a compression ratio of 4. The temperature at
the turbine entrance is 37°C. Determine this cycle’s COP.
Use constant specific heats at room temperature.

11-73 Rework Prob. 11-72 when the compressor isentropic
efficiency is 87 percent, the turbine isentropic efficiency is 94
percent, and the pressure drop across each heat exchanger is
7 kPa. Answer: 0.377

11-74 A 36 kJ/kg cooling load at 0°C is to be serviced by
an ideal gas refrigeration cycle using air as the working fluid.
Waste heat from this cycle is rejected to the surrounding
environment at 25°C. At the inlet of the compressor, the air is
at 85 kPa and —13°C. Determine the minimum pressure ratio
for this system to operate properly. Use constant specific
heats at room temperature.

11-75 A gas refrigeration system using air as the work-
ing fluid has a pressure ratio of 5. Air enters the compres-
sor at 0°C. The high-pressure air is cooled to 35°C by
rejecting heat to the surroundings. The refrigerant leaves
the turbine at —80°C and then it absorbs heat from the
refrigerated space before entering the regenerator. The
mass flow rate of air is 0.4 kg/s. Assuming isentropic effi-
ciencies of 80 percent for the compressor and 85 percen!
for the turbine and using constant specific heats at room
temperature, determine (a) the effectiveness of the regener
ator, (b) the rate of heat removal from the refrigeratcd
space, and (¢) the COP of the cycle. Also, determine (

the refrigeration load and the COP if this system operat

on the simple gas refrigeration cycle. Use the sameé gont:

-



