PROBLEMS

6-39 A household refrigerator with a COP of 1.2 removes
heat from the refrigerated space at a rate of 60 kJ/min. Deter-
mine (a) the electric power consumed by the refrigerator and
(b) the rate of heat transfer to the kitchen air.

6-39 The COP and the refrigeration rate of a refrigerator are given. The power consumption and the rate of
heat rejection are to be determined.

a) Using the definition of the coefficient of performance, the power input to the refrigerator is
g P p p g
determined to be
W 0, 60 kJ/min

etin = = = 50 kJ/min = 0.83 kW
’ COPy 1.2

(b) The heat transfer rate to the kitchen air is determined from the energy
balance,

O = Op + Wi = 60+ 50 = 110 kJ/min

6—40 An air conditioner removes heat steadily from a house
at a rate of 750 kJ/min while drawing electric power at a rate
of 6 kW. Determine (a) the COP of this air conditioner and
(b) the rate of heat transfer to the outside air.

6-40 The power consumption and the cooling rate of an air conditioner are given. The COP and the rate of
heat rejection are fo be determined.

(a) The coefficient of performance of the air-conditioner (or refrigerator) is determined from its
definition,

COPg = fi =2.08

net.in

_ 750 kJ/min 1 KW
6 kKW 60 kJ/min

(b) The rate of heat discharge to the outside air is determined from the
energy balance,

Op = Op + Wy s = (750 kJ/min ) + (6 x 60 kJ/min) = 1110 kJ/min

6—41 A household refrigerator runs one-fourth of the time
and removes heat from the food compartment at an average

rate of 800 kJ/h. If the COP of the refrigerator is 2.2, deter-
mine the power the refrigerator draws when running.



6-41 The COP and the refrigeration rate of a refrigerator are given. The power consumption of the
refrigerator is to be determined.

Since the refrigerator runs one-fourth of the time and removes heat

from the food compartment at an average rate of 800 kJ/h, the refrigerator
removes heat at a rate of

O, = 4x(800 kI/h) = 3200 kJ/h

COP =

800 kJ/h
when running. Thus the power the refrigerator draws when it is running is

Refrigerator

g O, 3200 kJ/h

Woetin = = =1455kJ/h = 0.40 kKW
" COPy 22

6—43 A household refrigerator that has a power input of
450 W and a COP of 2.5 is to cool five large watermelons, 10
kg each, to 8°C. If the watermelons are initially at 20°C,
determine how long it will take for the refrigerator to cool
them. The watermelons can be treated as water whose spe-
cific heat 1s 4.2 klJ/kg - °C. Is your answer realistic or opti-
mistic? Explain.

6-43 The COP and the power consumption of a refrigerator are given. The time it will take to cool 5
watermelons is to be determined.

Watermelon contains high amount liquid water then the specific heat of watermelon is given to be 4.2 kJ/kg.C

The total amount of heat that needs to be removed from the watermelons is

= |\mc " =35 g \4. g "C 20— =2 .
= (MeAT ) ermetons = 5% (10 kg )(4.2 KI/kg -°C)20 —8) C = 2520 kJ

The rate at which this refrigerator removes heat is

Oy = (COP Wi ) = (2.500.45 kW) = 1.125 kW

That is, this refrigerator can remove 1.125 kJ of heat per second. Thus
the time required to remove 2520 kJ of heat is COP=25

2520 kT

O, 1125ks
This answer is optimistic since the refrigerated space will gain some heat during this process from the
surrounding air, which will increase the work load. Thus. in reality. it will take longer to cool the
watermelons.

At = = 2240 s = 37.3 min




6—4 When a man returns to his well-sealed house on a

summer day, he finds that the house is at 32°C.
He turns on the air conditioner, which cools the entire house to
20°C in 15 min. If the COP of the air-conditioning system 1is
2.5, determine the power drawn by the air conditioner. Assume
the entire mass within the house is equivalent to 800 kg of air

for which ¢, = 0.72 kJ/kg - °C and ¢, = 1.0 kJ/kg - °C.

6-44 An air conditioner with a known COP cools a house to desired
temperature in 15 min. The power consumption of the air conditioner is to be determined.

The air conditioner operates steadily. 2 The house is well-sealed so that no air leaks in or
out during cooling. 3 Air is an ideal gas with constant specific heats at room temperature.

The constant volume specific heat of air is given to be ¢, = 0.72 kJ/kg.°C.

Since the house is well-sealed (constant volume), the total amount of heat that needs to be
removed from the house is

0, = (mc, AT ), . =(800kg)0.72 kI/kg-°C)32 —20FC = 6912 kJ

This heat is removed in 15 minutes. Thus the average rate of heat Outside
removal from the house is
: 6912 kI '
Or _& PN gw ox
At 15x60s COoP=25
AC

Using the definition of the coefficient of performance, the power input

to the air-conditioner is determined to be
32—20°C

: ; 7.68 kW ,
W __ 9 _ =3.07 KW House
COPy 25

net_in

6—46 Determine the COP of a refrigerator that removes heat
from the food compartment at a rate of 5040 kJ/h for each
kW of power it consumes. Also, determine the rate of heat
rejection to the outside air.

6-46 The heat removal rate of a refrigerator per KW of power it consumes is given. The COP and the rate
of heat rejection are to be determined.

X The coefficient of performance of the refrigerator is
determined from its definition,

cop. - & _5040ka11( 1kW J
8 Wew  1KW [ 3600KI/h

I kW

L . . 5040 kJ/h
The rate of heat rejection to the surrounding air, per KW of power

consumed. is determined from the energy balance,

Op = Op +Wyn = (5040kI/) + (133600 kI/h) = 8640 kI/h

Refrigerator



6—47 Determine the COP of a heat pump that supplies
energy to a house at a rate of 8000 kJ/h for each kW of elec-
tric power it draws. Also, determine the rate of energy
absorption from the outdoor air.

6-47 The rate of heat supply of a heat pump per kW of power it consumes is given. The COP and the rate
of heat absorption from the cold environment are to be determined.

The coefficient of performance of the refrigerator is determined

from its definition, House
' 8000kI/h( 1kW ) S000 KT
COPyy = 28— : l[ﬂ =222 (tp)
The rate of heat absorption from the surrounding air, per kW of power @

consumed, is determined from the energy balance,

O, = Oy —W,_,... =(8.000KkI/h)—(1)(3600kJ/h) = 4400 kd/h

net.in

6—48 A house that was heated by electric resistance heaters
consumed 1200 kWh of electric energy in a winter month. If
this house were heated instead by a heat pump that has an
average COP of 2.4, determine how much money the home
owner would have saved that month. Assume a price of
8.5¢/kWh for electricity.

6-48 A house is heated by resistance heaters. and the amount of electricity consumed during a winter
month is given. The amount of money that would be saved if this house were heated by a heat pump with a
known COP is to be determined.

Analysis The amount of heat the resistance heaters supply to the house is equal to he amount of electricity
they consume. Therefore, to achieve the same heating effect, the house must be supplied with 1200 kWh of
energy. A heat pump that supplied this much heat will consume electrical power in the amount of

i Oy _1200 kWh

= =500 kWh
COPyp 2.4

net.in

which represent a savings of 1200 — 500 = 700 kWh. Thus the homeowner would have saved
(700 kWh)(0.085 $/kWh) = $59.50



6-50 A heat pump used to heat a house runs about one-
third of the time. The house is losing heat at an average rate

of 22,000 kJ/h. If the COP of the heat pump is 2.8, determine

the power the heat pump draws when running.

6-50 The rate of heat loss from a house and the COP of the heat pump are given. The power consumption
of the heat pump when it is running is to be determined.

The heat pump operates one-third of the time.

Analysis Since the heat pump runs one-third of the time and must ¥ 22,000
supply heat to the house at an average rate of 22.000 kJ/h. the heat House kdh
pump supplies heat at a rate of 5
- H
Oy = 3x(22.000 kJ/h) = 66,000 kJ/h @
COP=28

when running. Thus the power the heat pump draws when it is running is

) Oy _66._000ka11( 1 kW ]_ 655 KW (Outside >

W .. =
" COPyp 2.8 3600 kI/h

6-51 A heat pump is used to maintain a house at a constant
temperature of 23°C. The house is losing heat to the outside
air through the walls and the windows at a rate of 60,000 kJ/h
while the energy generated within the house from people,
lights, and appliances amounts to 4000 kJ/h. For a COP of
2.5, determine the required power input to the heat pump.

6-51 The rate of heat loss, the rate of internal heat gain, and the COP of a heat pump are given. The power
inpuf to the heat pump is to be determined.

Analysis The heating load of this heat pump system is the difference between the N~ 6&3{[1]0
heat lost to the outdoors and the heat generated in the house from the people, House
lights, and appliances, :
Oy
Oy = 60.000 — 4.000 = 56,000 kJ / h @
COP=25

Using the definition of COP, the power input to the heat pump is determined to be

: ' 56.000 kI/1 1kW
Woetin = On__ 30 l( ]zs.zz KW @

 COPyp 2.5 3600 kI/h




6-54 Refrigerant-134a enters the condenser of a residential
heat pump at 800 kPa and 35°C at a rate of 0.018 kg/s and
leaves at 800 kPa as a saturated liquid. If the compressor con-
sumes 1.2 kW of power, determine (a) the COP of the heat
pump and (b) the rate of heat absorption from the outside air.
6-54 Refrigerant-134a flows through the condenser of a residential heat pump unit. For a given compressor

power consumption the COP of the heat pump and the rate of heat absorbed from the outside air are to be
determined.

Assumptions 1 The heat pump operates steadily. 800 kPa Qy
2 The kinetic and potential energy changes are x=0 ‘ 8%?55(?3
zero. N
] i Condenser ey
Properties The enthalpies of R-134a at the
condenser inlet and exit are
_ : Expansion _
B =800kPa l-hl = 271.22 ki/kg valve c W
T, = 35°C J ompressor —
P, =800 kPa
hy =95.47 kl/kg
X, =0

Evaporator |
Analysis (a) An energy balance on the condenser
gives the heat rejected in the condenser Q.

QH =m(h, —h,)=(0.018kg/s)(271.22-95.47) kl/kg = 3.164 kW
The COP of the heat pump is

cop.Qn _ 3164KW _
W, 12kW

2.64

(b) The rate of heat absorbed from the outside air

O, =0p — W, =3.164-1.2=1.96 KW

6-55 Refrigerant-134a enters the evaporator coils placed at
the back of the freezer section of a household refrigerator at
120 kPa with a quality of 20 percent and leaves at 120 kPa
and —20°C. If the compressor consumes 450 W of power and
the COP the refrigerator is 1.2, determine (a) the mass flow
rate of the refrigerant and (b) the rate of heat rejected to the
kitchen air.



6-55 A commercial refrigerator with R-134a as the working fluid is considered. The evaporator inlet and
exit states are specified. The mass flow rate of the refrigerant and the rate of heat rejected are to be
determined.

Assumptions 1 The refrigerator operates steadily. 2 4 Qu

The kinetic and potential energy changes are zero.

A}
Condenser e |

Properties The properties of R-134a at the

evaporator inlet and exit states are (Tables A-11
through A-13) Expansion W,

P =120KkPa valve

| h, = 65.38 kl/kg Compressor —

x =02

P, =120kPa], -

T, = -20°C 2 =238.84 ki/kg Evaporator — |jmmpp!

. . . . 120 kPa 120 kPa

Analysis (a) The refrigeration load is x=0.2 QL 20°C

QL = (COP)W,, =(1.2)(0.45kW) = 0.54 kW
The mass flow rate of the refrigerant is determined from

o 0.54kW
hy—hy  (238.84-65.38) ki/kg

=0.0031 kg/s

?:;JR =

(D) The rate of heat rejected from the refrigerator is

Oy =0; + W, =0.54+0.45=0.99 kW

6—71 A Carnot heat engine operates between a source at
1000 K and a sink at 300 K. If the heat engine is supplied
with heat at a rate of 800 kJ/min, determine (a) the thermal
efficiency and (b) the power output of this heat engine.

6-71 The source and sink temperatures of a Carnot heat engine and the rate of heat supply are given. The
thermal efficiency and the power output are to be determined.

Assumptions The Carnot heat engine operates steadily.

Analysis (a) The thermal efficiency of a Carnot heat engine depends on the source and the sink
temperatures only. and is determined from

M =1--t=1- =0.70 or 70%

Ty 1000 K 800 kJ/min

(b) The power outpuf of this heat engine is determined from the definition @
of thermal efficiency,

Wt ot = 1Oz = (0.70)(800 kJ/min) = 560 kJ/min = 9.33 kW @

6-72 A Carnot heat enigine receives 650 kJ of heat from a
source of unknown temperature and rejects 250 kJ of it to a
sink at 24°C. Determine (a) the temperature of the source and
(b) the thermal efficiency of the heat engine.



6-72 The sink temperature of a Carnot heat engine and the rates of heat supply and heat rejection are given.
The source temperature and the thermal efficiency of the engine are to be determined.

Assumptions The Carnot heat engine operates steadily.
)

, . o Oy
Analysis (a) For reversible cyclic devices we have l— =
@ y O )., I 650 kJ

Thus the temperature of the source Ty must be @
250 kJ

Oy 650 kJ i
T, =|ZE| T = 207K)=7722 K
il {Q ]m L [2501{.1}( ) @

"L

(b) The thermal efficiency of a Carnot heat engine depends on the source and the sink temperatures only,
and is determined from

T, 207K
Npe=1-—L=1-——"—"—=0.615 or 61.5%
- Ty 7722 K

11-12 A refrigerator uses refrigerant-134a as the working
fluid and operates on an ideal vapor-compression refrigeration
cycle between 0.12 and 0.7 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, (b) the rate of heat rejection to the environment,
and (c) the coefficient of performance.



11-12 An ideal vapor-compression refrigeration cycle with refrigerant-134a as the working fluid is
considered. The rate of heat removal from the refrigerated space, the power input to the compressor, the
rate of heat rejection to the environment. and the COP are to be determined.

Assumpfions 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 $1 =S, @10ps = 094779 kl/kg-K T
P, =0.7MPa
2 L-hz =273.50 kl/kg (T, = 34.95°C)
3'2 = Sl j
P; =0.7 MPa

cat.liquid }hS =Ny @ o7nps =58.82 kl/kg

h, = h; =88.82 kl/kg (throttling)

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

0, =k, —hy)=(0.05 kg/s)236.97 — 88.82) kI/kg = 7.41 KW
and

W, =ik, —h )= (0.05 ke/s)(273.50 - 236.97) kI/kg = 1.83 KW
(b) The rate of heat rejection to the environment is determined from

Oy =0; +W, =7.41+1.83=9.23 kW
(c) The COP of the refrigerator is determined from its definition.

cop, = 2L _TALKW _ 4 06
W, 183kW

11-15 Consider a 300 kJ/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 cycle on a
T-s diagram with respect to saturation lines, and determine
(a) the quality 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 An ideal vapor-compression refrigeration cycle with
refrigerant-134a as the working fluid is considered. The quality of the refrigerant at the end of the
throttling process, the COP, and the power input to the compressor are to be determined.
Assumptions 1 Steady operating conditions exist. 2 Kinetic and potential energy changes are negligible.
Analysis (@) 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 safurated liquid at the condenser pressure. From the refrigerant tables (Tables A-12 and A-13).

P, =140 kPa ] h :hg @1401kPa = 239.16 kJ/kg

sat. vapor fsl =5, @uorpa = 094456 kT/kg K

, =0.8 MPa |

h, =275.37 ki/kg
5y =5 [ B

P, =0.8 MPa |
h :h p :95_1_7 kJ’kg
sat. liquid [73 T "r@osmra g
hy = h; =95.47 kl/kg {th.l‘ottling]
The quality of the refrigerant at the end of the throttling process is
(hy=hy | | 95.47-27.08
212.08

=0.322

% =|

hg ) @ 140 kPa
(b) The COP of the refrigerator is determined from its definition.
qr _h —hy  239.16-9547

CoP, =L = =3.97
W, by —h  275.37-239.16

mn

(c) The power input to the compressor is determined from
O, (300/60)kW

= e —1.26KW
COP, 3.97




