6-17 A 600-MW steam power plant, which is cooled by a
nearby river, has a thermal efficiency of 40 percent. Deter-
mine the rate of heat transfer to the river water. Will the actual
heat transfer rate be higher or lower than this value? Why?

6-17 The power output and thermal efficiency of a power plant are given. The rate of heat rejection is to be
determined. and the result is to be compared to the actual case in practice.

Assumptions 1 The plant operates steadily. 2 Heat losses from the working fluid at the pipes and other
components are negligible.

Analysis The rate of heat supply to the power plant is determined from the thermal efficiency relation.

., 600 MW
Oy =" = =1500 MW  Fumace
N 0.4
The rate of heat transfer to the river water is determined from the first law N = 40%
relation for a heat engine, @ 600 MW

O; = Of —Wpep our = 1500 —600 = 900 MW

In reality the amount of heat rejected to the river will be lower since part of the heat will be lost to the
surrounding air from the working fluid as it passes through the pipes and other components.

6—18 A steam power plant receives heat from a furnace at a
rate of 280 GJ/h. Heat losses to the surrounding air from the
steam as it passes through the pipes and other components
are estimated to be about 8 GJ/h. If the waste heat is trans-

ferred to the cooling water at a rate of 145 Gl/h, determine
(a) net power output and (b) the thermal efficiency of this
power plant. Answers: (a) 35.3 MW, (b) 45.4 percent

6-18 The rates of heat supply and heat rejection of a power plant are given. The power output and the
thermal efficiency of this power plant are to be determined.

Assumptions 1 The plant operates steadily. 2 Heat losses from the working fluid at the pipes and other
components are taken into consideration.

Analysis (a) The total heat rejected by this power plant is

0, =145+8 =153 GJ/h
Then the net power output of the plant becomes O =280 GIA
Wetout = O — Oy = 280153 =127 GI/h = 35.3 MW

(b) The thermal efficiency of the plant is determined from its definition,

Werot 127 GI/

- = =0.454 =45.4%
Oy 280 GJ/h

Nn =

21 An automobile engine consumes fuel at a rate of 28
L/h and delivers 60 kW of power to the wheels. If the fuel has
a heating value of 44,000 kJ/kg and a density of 0.8 g/em?,

determine the efficiency of this engine. Answer: 21.9 percent



6-21 The power output and fuel consumption rate of a car engine are given. The thermal efficiency of the
engine is to be determined.

Assumptions The car operates steadily.

Properties The heating value of the fuel is given to be 44.000 kl/kg. _ﬂ\_f,_"iﬂ

Analysis The mass consumption rate of the fuel is SEEEs
: m =28 Lih 60 kW
Titgeeg = (PV e = (0.8 kg/L)(28 L/h) = 22.4 kg/h @
The rate of heat supply to the car is
O = Mlegaiooa = (22.4 kg/h)(44.000 kI/kg) = 985.600 kl/h = 273.78 kW @

Then the thermal efficiency of the car becomes
, 60 kW

o - =0219 = 21.9%

Oy 27378 kW

M =

6—28 A coal-burning steam power plant produces a net power
of 300 MW with an overall thermal efficiency of 32 percent.
The actual gravimetric air—fuel ratio in the furnace is calculated
to be 12 kg air/kg fuel. The heating value of the coal is 28,000
kl/kg. Determine (a) the amount of coal consumed during a

24-hour period and (&) the rate of air flowing through the fur-
nace. Answers: (a) 2.89 > 10° kg, (b) 402 kg/s

6-28 A coal-burning power plant produces 300 MW of power. The amount of coal consumed during a one-
day period and the rate of air flowing through the furnace are to be determined.

Assumptions 1 The power plant operates steadily. 2 The kinetic and potential energy changes are zero.
Properties The heating value of the coal is given to be 28.000 kl/kg.

Analysis (a) The rate and the amount of heat inputs to the power plant are

O. — Wnet,out — 300 I\i\\!’ _ 9%_, 5 M\\(’
T g 0.32 ST

0y = 0, At =(937.5MI/s5)(24x 36005) = 8.1 x 107 MJ
The amount and rate of coal consumed during this period are
O, 8.1x10" MW
_ Meoa  2.893x10° kg
Meoal = =

At 24x3600s

(b) Noting that the air-fuel ratio is 12, the rate of air flowing through the furnace is

gy = (AF)ih o = (12 kg air/kg fuel)(33.48 kg/s) = 401.8 kg/s

; =2.893<10° kg

Meoal =

=33.48kg/s

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. Answers:
(@) 0.83 kW, (b) 110 kJ/min



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.

Assumptions The refrigerator operates steadily.

Analysis (@) Using the definition of the coefficient of performance, the power mput to the refrigerator is
determined to be

netin —

0, 60 kJ/min
COPy 12

=50 kJ/min = 0.83 kW

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

O = O + Wy iy = 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. Answers:
(a) 2.08, (b) 1110 kJ/min

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

Assumptions The air conditioner operates steadily.

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

COP, = QL _ 750 kJ/min [ 1kW ‘ 208
* Wpew  6KW | 60KkVmin |

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

QH = QL + Wu = (750 kJ/min )+ (6 % 60 kJ/min) = 1110 kJ/min

et.in

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.

Assumptions The refrigerator operates steadily.

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

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

0; =4x (800 kJ/h) = 3200 kJ/h

COP=
800 kJ/h
when running. Thus the power the refrigerator draws when it is running is
- O;  3200kJ/h
Wuet in = =
T COPg 2.2

Refrigerator

=1455kJ/h = 0.40 kW




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 is 4.2 kl/kg - °C. Is your answer realistic or opti-
mistic? Explain. Answer: 2240 s

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.

Assumptions 1 The refrigerator operates steadily. 2 The heat gain of the refrigerator through its walls.
door. etc. is negligible. 3 The watermelons are the only items in the refrigerator to be cooled.

Properties The specific heat of watermelons is given to be ¢ = 4.2 kl/kg.°C.
Analysis The total amount of heat that needs to be removed from the watermelons 1s

Or = (MeAT), ermetons = 5% (10 kg 4.2 kI/kg -°C)20 -8 C = 2520 kJ

The rate at which this refrigerator removes heat is

0, = (COP 0 )= (2:5)0.45 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

0, 2520KJ
O; 1.125K/s

Af = =2240s=37.3 min

o—44 » 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 is
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 kl/kg - °C and ¢, = 1.0 kl/kg - °C.



6-44 [Also solved by EES on enclosed CD] 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.

Assumpftions 1 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.

Properties The constant volume specific heat of air 1s given to be ¢,= 0.72 kJ/kg.°C.

Analysis 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 = (800 kg )0.72 KI/kg - °C )32 —20PC = 6912 kJ

ouse

This heat is removed in 15 minutes. Thus the average rate of heat Outside
removal from the house 1s
6912 kJ ;
o, =% - P8 _,eepw O
At 15x60s COP=25
AC

Using the definition of the coefficient of performance, the power input
to the air-conditioner is determined to be

O,  T.68kW
COPg 2.5

32—-20°C

netin —

=3.07 kW House

6—7 Determine the COP of a heat pump that supplies
energy to a house at a rate of 8000 klJ/h for each kW of elec-
tric power it draws. Also, determine the rate of energy
absorption from the outdoor air. Answers: 2.22, 4400 klJ/h

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.

Assumpftions The heat pump operates steadily.

Analysis The coefficient of performance of the refrigerator is determined House A
from its definition, :
Oy  8000kV/h( 1kW ) S000 KT
/h (W
COPyp = —2H = [ J: 2.22 (i)
Wowin  1kW | 3600kI/h kW
The rate of heat absorption from the swrrounding air. per kW of power @

consumed. is determined from the energy balance.

O; = O —Werin = (8.000 kI/h) — (1)(3600kJ/h ) = 4400 kd/h

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 klJ/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.

Assumptions The heat pump operates one-third of the time.

Analysis Since the heat pump runs one-third of the time and must 9 22,[300
supply heat to the house at an average rate of 22,000 kI/h. the heat House kJ/h
pump supplies heat at a rate of 5
. H
Oy = 3x(22.000 kJ/h) = 66,000 kI/h @
CopP=28

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

_ Oy _66000KIh( 1KW ]: 6.55 W COutside >

L
e} 28 13600 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.

Oy
800 kPa Mg 800 kPa
x=0 35°C

Condenser —|1

Expansion

valve Compressor —— W

Evaporator  f—

O



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 4 Sg?sfga
zero. v

. ) - Condenser |
Properties The enthalpies of R-134a at the ' '

condenser inlet and exit are

R=800kPa] x E:l'zzns"’” Wi,
T, = 35°C .[-hl =271.22 kl/kg Compressor —
P, =800kPa o
0 hy =95.47 kl/kg
%2 = A Evaporator >
Analysis (a) An energy balance on the condenser
gives the heat rejected in the condenser Q

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

y 3.164k
cop.Zu _3164KW , o,
W, 12kW

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

Q; =0y W, =3.164-12=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 (&) the rate of heat rejected to the

-

kitchen air. Answers: (3) 0.00311 kg's, (b) 990 W

Oy
A

1— Condenser 1

Expansion ] .
valve Compressor —l
Evaporator e
120kPa ——— g~ 120kPa
x=02 =20°C

o



6-55 A commercial refrigerator with R-134a as the working fluid is considered. The evaporator inlet and
exif 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. S
P , - Condenser
roperties The properties of R-134a at the I,
evaporator inlet and exit states are (Tables A-11
through A-13) Expansion Wi,
P, =120kPa | valve
1 hy, = 65.38 ki/kg Compressor —
x =02 ]
Py =120KPa|, e ki
T,=-200C [* 7 e Evaporator  fmpmpr
. o . 120 kPa * 120 kPa
Analysis (a) The refrigeration load is x=0.2 Q. -20°C

0; = (COP)W,, =(1.2)(0.45kW) = 0.54 kKW
The mass flow rate of the refrigerant iz determined from
o 0.54kKW
hy, —h, (238.84—65.38) kl/kg

=0.0031 kg/s

Mmp =

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

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

CARNOT HEAT ENGINE

671 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 80 kI/min. determine {a) the thermal
efficiency and (b) the power output of this heat engine.
Answers: (a8) 70 percent, (B) 9.33 kW

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 Camnot heat engine depends on the source and the sink
temperatures only. and is determined from

s c =T 399K 50 or 7006
Ty 1000 K 800 kJ/min
(b) The power output of this heat engine is determined from the definition @
of thermal efficiency.

Woeton = MOz = (0.70)(800 kJ/min) = 560 kJ/min = 9.33 kW m

6-72 A Carnot heat engine 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.
I A { A
0| _(L

Analysis (a) For reversible cyclic devices we have =
lysis (a) ¥ 650 kJ

\ QL _Jrev \ TL /

Thus the temperature of the source Ty must be @
. 250 kT
On

(650KT ) _ .\
\ XL fm-TL - = 250 kJ J(zg, K)=7722 K

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

T, 207K
Mpe =l-—==1-——""_=10.615 or 61.5%
: T, 7722 K

I b

Iy =

6-73 A heat engine operates beiween a source at

550°C and a sink at 25°C. If heat is supplied to
the heat engine at a steady rate of 1200 kl/min. determine the
maximum power output of this heat engine.

6-73 [Also solved by EES on enclosed CD] The source and sink temperatures of a heat engine and the rate
of heat supply are given. The maximum possible power output of this engine is to be determined.
Assumptions The heat engine operates steadily.
Analysis The highest thermal efficiency a heat engine operating between two specified temperature limits
can have is the Camot efficiency. which is determined from

G0

T, 208 K
Mpmax = M =1———=1— = 0.638 or 63.8%
- - Ty 823K 1200 kJ/min
Then the maximum power outpuf of this heat engine is determined @
from the definition of thermal efficiency to be
Wt ot = Tn Qs = (0.638)(1200 kI/min ) = 765.6 kJ/min = 12.8 KW @

6—77 An innovative way of power generation involves the
utilization of geothermal energy—the energy of hot water
that exists naturally underground—as the heat source. If a
supply of hot water at 140°C is discovered at a location
where the environmental temperature is 20°C, determine the
maximum thermal efficiency a geothermal power plant built
at that location can have. Answer: 29.1 percent

6-77 The source and sink temperatures of a geothermal power plant are given. The maximum thermal
efficiency is to be determined.

Assumptions The power plant operates steadily.

Analysis The highest thermal efficiency a heat engine operating
between two specified temperature limits can have is the Carnot

efficiency. which is determined from w

I 20+273 K

n =7 ,=1-—=1
homax R C Ty 140+ 273 K

=0.291 or 29.1%



6—=78 An inventor claims to have developed a heat engine
that receives 700 kJ of heat from a source at 500 K and pro-
duces 300 kJ of net work while rejecting the waste heat to a
sink at 290 K. Is this a reasonable claim? Why?

6-78 An inventor claims to have developed a heat engine. The inventor reports temperature, heat transfer,
and work output measurements. The claim is to be evaluated.

Analysis The highest thermal efficiency a heat engine operating between two specified temperature limits
can have is the Carnot efficiency, which is determined from

T 290 K
M max = e =1-—F=1- =0.42 or 42% m

Ty 500K
700 kJ
The actual thermal efficiency of the heat engine in question is @ 00 kJ
W, 300KJ

ner

Py =net = ~0.429 or 42.9%
= T 7001 290K >

which is greater than the maximum possible thermal efficiency. Therefore, this heat engine is a PMM2 and
the claim is false.

6—50 A peothermal power plant uses geothermal water
extracted at 160°C at a rate of 440 kg/s as the heat source
and produces 22 MW of net power. If the environment tem-
perature is 25°C, determine {a) the actual thermal efficiency,
(F) the maximum possible thermal efficiency, and (¢) the
actual rate of heat rejection from this power plant.



6-80 A geothermal power plant uses geothermal liquid water at 160°C at a specified rate as the heat source.
The actual and maximum possible thermal efficiencies and the rate of heat rejected from this power plant
are to be determined.

Assumptions 1 The power plant operates steadily. 2 The kinetic and potential energy changes are zero. 3
Steam properties are used for geothermal water.

Properties Using saturated liquid properties. the source and the sink state enthalpies of geothermal water
are (Table A-4)

T, =160°C
source lhsmm = 67547 klfke
X oores = 0 J
T =25%C

sk lfeﬂ-ﬂ =104.83 kl/kg
xs]'nk = D J

Analysis (a) The rate of heat mput to the plant may be taken as the enthalpy difference between the source
and the sink for the power plant

O =M geg (Mogee — g, ) = (440 kg/s)(675.47 —104.83) kT/kg = 251083 kW
The actual thermal efficiency 1s

W, 2
ng -t MW 4 0876 _8.8%
o, 251 083 MW

(#) The maximum thermal efficiency 1s the thermal efficiency of a reversible heat engine operating
between the source and sink temperatures
Ty . (25+273)K

—1-— T _0.312=31.2%
Ty (160+273)K

n'lh,mmt =1-

{(¢) Finally. the rate of heat rejection is

Ot = Oipy — Wiat e =251.1-22 =229 1MW

t—86 A Carnot refrigerator operates in a room in which the
temperature is 22°C and consumes 2 kW of power when
operating. If the food compartment of the refrigerator is to be
maintained at 3°C, determine the rate of heat removal from
the food compartment.

6-86 The refrigerated space and the environment temperatures of a Carnot refrigerator and the power
consumption are given The rate of heat removal from the refrigerated space 15 to be determined.

Assumptions The Carnot refrigerator operates steadily.

Analysis The coefficient of performance of a Camot refrigerator depends on the temperature limits in the
cycle only, and 1s determined from

COPge-mt ! ~145 C=e D
R T, ) -1 (224 273K )3+ 273K) -1 A
The rate of heat removal from the refrigerated space is determined
from the definition of the coefficient of performance of a refrigerator, 2 kW

Q) = COPgl, . = (14.5)2 kW)= 29.0 kW =1740 kJ/min < ¢ O



6—87 A refrigerator is to remove heat from the cooled space
at a rate of 300 kJ/min to maintain its temperature at —8°C.

Win.mjﬂ

REFRIG. | 300 (N [ o
—&°C kJ/min "\\ J L

If the air surrounding the refrigerator is at 25°C, determi
the minimum power input required for this refrigerat
Answer: 0.623 kW

6-87 The refrigerated space and the environment temperatures for a refrigerator and the rate of heat
removal from the refrigerated space are given. The mimimum power mput required 1s to be determuned.

Assumptions The refrigerator operates steadily.

Analysis The power input to a refrigerator will be a minimum when the refrigerator operates in a reversible
manner. The coefficient of performance of a reversible refrigerator depends on the temperature limats in the
cycle only, and 15 determuned from

1 1 I
COR; . = = ~8.03 -
o (T /T )-1 (25+273K)(-8+273K)-1 CEE*C_D

The power input to this refrigerator 1s determined from the definition of the
coefficient of performance of a refnigerator,

: - 300 kJ/min
. o 300 kJ'min ) ) 2
Wt imemim = = =37.36 kl/min = 0.623 KW .
neLm COPRy e 8.03 <__ R

6—88 An air-conditioning system operating on the reversed
Carnot cycle is required to transfer heat from a house at a rate
of 750 kI/min to maintain its temperature at 24°C. If the out-
door air temperature is 35°C, determine the power required to
operate this air-conditioning system. Answer: 0.46 KW

6-88 The cooled space and the outdoors temperatures for a Camot air-conditioner and the rate of heat
removal from the air-conditioned room are given. The power input required 1s to be determined.
Assumptions The air-conditioner operates steadily.

Amnalysis The COP of a Carmot air conditioner (or Carnot refrigerator) depends on the temperature limits in
the cvele only, and is determined from

1 1 —
COPg( = - -27.0 .
M T Iy /T)-1 (35+273K)/(24+273K)-1 <__3_5‘£'_>
The power input to this refrigerator 1s determined from the definition
of the coefficient of performance of a refrigerator, @‘ -
: - House
. 750 kIf; ) —
A S M _ 57 8 k/min = 0.463 kW 24°C

COPg py 270



6= A Camot refrigerator operates in a room in which the
temperature is 23°C. The refrigerator consumes 300 W of
power when operating and has a COP of 4.5. Determine (a) the
rate of heat removal from the refrigerated space and (b) the
temperature of the refrigerated space. Answers: (a) 135 klJ/min,
(b) —29.2°C

6-90 The refrigerated space temperature, the COP, and the power input of a Carnot refrigerator are given.
The rate of heat removal from the refrigerated space and its temperature are to be determined.

Assumpitions The refrigerator operates steadily.

Analysis (a) The rate of heat removal from the refrigerated space 1s determmed from the definition of the
COP of a refrigerator,

Op = COBg IV, = (4.5)(0.5 kW) = 2.25 kW =135 kJ/min o
T

500 W

(b) The temperature of the refrigerated space T; 1s determined from
the coefficient of performance relation for a Camot refrigerator,

1 1
COP; . = > 45= COP=45
S O (25+273K)T; -1

It yields C_ it ___>

It = 2438 K = -20.2°C

6-91 An inventor claims to have developed a refrigeration
system that removes heat from the closed region at —12°C
and transfers it to the surrounding air at 25°C while maintain-
ing a COP of 6.5. Is this claim reasonable? Why?

6-91 An inventor claims to have developed a refrigerator. The inventor reports temperature and COP
measurements. The claim 1s to be evaluated.

Analysis The highest coefficient of performance a refrigerator can have when removing heat from a cool
medium at -12°C to a warmer medium at 25°C 1s

T amam
COPy , = COPg . = 1 _ ! =71 p— C—>
(T /Ty )1 (25+273K)(-12+273K)-1

The COP clammed by the mventor 1s 6.5, which 1s below this
maximum value, thus the claim 15 reasonable. However, 1t 15 not
probable.

COP=6.5

Caze D



6—=92 During an experiment conducted in a room at 25°C, a
laboratory assistant measures that a refrigerator that draws
2 kW of power has removed 30,000 kJ of heat from the
refrigerated space., which is maintained at —30°C. The
running time of the refrigerator during the experiment was
20 min. Determine if these measurements are reasonable.

25°C
@« l\
Refrig. kW

30,000 kI

-30°C

FIGURE P&-92

6-92 An expenimentalist claims to have developed a refrigerator. The experimentalist reports temperature,
heat transfer, and work input measurements. The claim is to be evaluated.

Analysis The highest coefficient of performance a refrigerator can have when removing heat from a cool
medium at -30°C to a warmer medium at 25°C is

(T, f;”} 1 (25+23K)( 130 Rl ——
ST BRI T
The work consumed by the actual refrigerator during this experiment 1s

Wetin = WogenF = (2 kI/s)(20.x 60 s) = 2400 kJ

COPg oy = COPg . =

2 kW
Then the coefficient of performance of this refrigerator becomes 30,000 kJ
_ 0, 30,0007 - ,
COR. = = =125 -30°C
B Wi 2400K7 e

which 15 above the maximmm value. Therefore, these measurements are not reasonable.



6-95 A heat pump is used to maintain a house at 22°C by
extracting heat from the outside air on a day when the outside
air temperature is 2°C. The house is estimated to lose heat at
a rate of 110,000 kJ/h, and the heat pump consumes 5 kW of
electric power when running. Is this heat pump powerful
enough to do the job?

110,000 kl'h

?

22°C

Q—]f‘)\d— S5kW

Outdoors
2°C

6-95 A heat pump mamntamns a house at a specified temperature. The rate of heat loss of the house and the
power consumption of the heat pump are given. It 15 to be deternuned if this heat pump can do the job.

Assumptions The heat pump operates steadily.

Analysis The power mnput to a heat pump will be a minimum when the heat pump operates 1n a reversible
manner. The coefficient of performance of a reversible heat pump depends on the temperature limits in the
cycle only, and 15 determined from

1 1
COP, o= = =1475
Hhe o (1 /Ty) 1-(2+273K)(22+273K) p § HEIEPD
. - . . . . House .
The required power mput to this reversible heat pump 1s determined 29°0
from the definition of the coefficient of performance to be
- Oy  110000kVh( 1h
o = =2.07 kW
SELRED T COPg 1475 | 36005 @ kW

This heat pump is powerful enough since 5 kW = 2.07 kW.

6—%6 The structure of a house is such that it loses heat at a
rate of 3400 kl/h per °C difference between the indoors and
outdoors. A heat pump that requires a power input of 6 kW is
used to maintain this house at 21°C. Determine the lowest
outdoor temperature for which the heat pump can meet the
heating requirements of this house. Answer: —13.3°C



6-96 A heat pump that consumes 5-kW of power when operating maintains a house at a specified
temperature. The house 1s losing heat in proportion to the temperature difference between the indoors and
the outdoors. The lowest outdoor temperature for which this heat pump can do the job 1s to be determined.

Assumptions The heat pump operates steadily.
Analysis Denoting the outdoor temperature by Ty. the heating load of this house can be expressed as

O = (5400 kI - K )294—T; )= (1.5 kW/K 294 - T; K

The coefficient of performance of a Carnot heat pump depends on the temperature limits 1n the cycle only.,
and can be expressed as

1 _ 1 ¥ 5400 kJih K
1-(I; /Ty) 1-T;/(294K) House
21°C

COByp =

or, as

COP.pp = QH _ (15 kW/K)294-T; K
= H;I.Et,in 6 kKW .

Equating the two relations above and solving for T;. we obtain

T = 259.7K = -13.3°C < T >

6-99 A Camot heat pump is to be used to heat a house and
maintain it at 20°C in winter. On a day when the average out-
door temperature remains at about 2°C, the house is estimated
to lose heat at a rate of 82,000 kl/h. If the heat pump con-
sumes & kW of power while operating. determine (a) how
long the heat pump ran on that day; (&) the total heating costs,
assuming an average price of 8.5¢/kWh for electricity; and
i) the heating cost for the same day if resistance heating is
used instead of a heat pump. Answers: (3) 4.19 h, (0) $2.85,
(c) $46.47

82,000 klth

20°C

Ve
HP S kW

2°C

FIGURE PE-99



6-99 A Camot heat pump consumes 8-k'W of power when operating. and maintains a house at a specified
temperature. The average rate of heat loss of the house in a particular day 1s given. The actual munning time
of the heat pump that day, the heating cost, and the cost if resistance heating 1s used instead are to be
determined.

Analysis (a) The coefficient of performance of this Carnot heat pump depends on the temperature limits in
the cycle only. and 1s determuned from

1 1
COPR .= = =163
B (1 /Ty) 1-(2+273K)V(20+273K)
The amount of heat the house lost that day 1s = Efmmn
Qs = O (1 day) = (82.000 kI/h )24 h) = 1.968.000 kJ g?rlfze
Then the required work mput to this Cameot heat pump 15 determined r 7
from the definition of the coefficient of performance to be
] Oy  1.968.000 k] @ 8 kW
netin = = =120,736 kJ
= COPyp 16.3 B
Thus the length of time the heat pump ran that day 1s <———21:——>
W aet i 120,736 kJ
B -150925=4.19h
Hnet:in 8 kJI'rg

(&) The total heating cost that day 1s
Cost = IT x price = [n}mm x Arlprice} = (8 kW )(4.19 h)}0.085 $/kWh) = $2.85

{¢) If resistance heating were used. the entire heating load for that day would have to be met by electrical
energy. Therefore, the heating system would consume 1,968,000 kJ of electricity that would cost
I \,
. 1kWh
New Cost = Oy x price = (1,968,0001111 Py }(0.035 $/kWh) = $46.47
\ s

6—100 A Carnot heat engine receives heat from a reservoir
at 900°C at a rate of 800 kJ/min and rejects the waste heat to
the ambient air at 27°C. The entire work output of the heat
engine is used to drive a refrigerator that removes heat from
the refrigerated space at —5°C and transfers it to the same
ambient air at 27°C. Determine (@) the maximum rate of heat
removal from the refrigerated space and (b) the total rate of
heat rejection to the ambient air. Answers: (a8} 4982 kl/min,
(b) 5782 k)



6-100 A Carmnot heat engine 1s used to drive a Carnot refrigerator. The maximum rate of heat removal from
the refrigerated space and the total rate of heat rejection to the ambient air are to be determined.

Assumptions The heat engine and the refrigerator operate steadily.

Analysis (a) The highest thermal efficiency a heat engine operating between two specified temperature
limits can have 1s the Camot efficiency. which 15 determined from

I, _, 30K

- —1-L_ =
Mz = TC =" 1173K

Then the maximum power output of this heat engine is
determined from the definition of thermal efficiency to be

Wt ot = N0 = (0.744)(800 kJ/min ) = 595.2 kJ/min

which 1s also the power input to the refrigerator, l'f’mtm .

The rate of heat removal from the refrigerated space will be a maximum if a Camot refrigerator 1s used.
The COP of the Carnot refnigerator 1s

1 1
(Tg/T;)-1 (27+273K)(-5+273K)-1

ICOPg 1o = 8.37

Then the rate of heat remowval from the refrigerated space becomes
Oy 5 = (COPg . e ) = (8:37)(595.2 KJ/min) = 4982 kJ/min
(b) The total rate of heat rejection to the ambient air 1s the sum of the heat rejected by the heat engine
( Q}_,}E ) and the heat discarded by the refrigerator (QH,R )3
01 1 = O i — Waetour = 800 —595.2 = 204.8 kI/min
Opx = Or g + Wows = 498245952 = 5577.2 kl/min
and

Opbiont = Or 37 + Oy 5 = 204.8+5577.2 = 5782 kJ/min

6—102 A commercial refrigerator with refrigerant-134a as
the working fluid is used to keep the refrigerated space at
—35°C by rejecting waste heat to cooling water that enters
the condenser at 18°C al a rate of 0.25 kgfs and leaves at



26°C. The refrigerant enters the condenser at 1.2 MPa and
50°C and leaves at the same pressure subcooled by 5°C. If
the compressor consumes 3.3 kW of power, determine (a) the
mass flow rate of the refrigerant, (&) the refrigeration load,
() the COP, and (d) the minimum power input to the com-
pressor for the same refrigeration load.

~ Water
BCy gy 18°C
1.2 MPa 1.2 MPa
5°C subcooled S0°C
Condenser -1
Expansion .
valve Compressor ——il

"

Or

FIGURE P6-102



6-102 A commercial refrigerator with B-134a as the working fluid 15 considered. The condenser inlet and
exit states are specified The mass flow rate of the refriperant, the refngeration load, the COP, and the
mimimum power mput to the compressor are to be determuned.

Assumprions 1 The refrigerator operates steadily. 1 The kinetic and potential energy changes are zero.

Praperries The properties of E-134a and
water are (Steam and B-134a tables)

o Water
\ 26°C
=12MP =
A * lp = 27827 kIkg 18°C
I, =30°C 12 MP Q a.
- — s = - a 1.2 MPa
T = Tugionge + Ml = 463-5=413C o0 - S
- Condenser ]
=12 MP
i “]h:=11|:r.1? kKIke T
3 =413°C |
- Expansion W,
T, =18C valve -
h,; =7554 klkg Compressor —
x‘u,l =
La=26C], os0nmn
x5 =0 } w2 TUEADETRE Evaporator |
Analysis (a) The rate of heat transferred * o
L

to the water 15 the energyv change of the
water from nlet to exit

Q:: =m, (h,2—h,)=025kg 10801 - 7354) klkg =B 36T kW
The enerzy decrease of the refnzerant 15 equal to the energy increase of the water mn the condenser. That 15,

0y 236TEW

= =0.0498 kgls
hy—h, (27827-11017)k kg

Qu =mglh —hy) Frg =

(b) The refrigeration load 1=
@, =0y -, =837-3.30=5.07TkW
() The COPF of the refrngerator 15 determined from its defimtion,

cop=2L _30TEW _ 0y
7, 33kW

() The COP of a reverzible refligerator operating between the same temperature lumts 1s

COPF ! !

= = =449
== T 1T, -1 (184 273)/(=35+273) -1

Then, the mmpmum power input to the compressor for the same refrigeration load would be

7 9, _507kW

= =113 kW
mEn T COP,,. 440

6—103  An air-conditioner with refrigerant-134a as the
working fluid is used to keep a room at 26°C by rejecting the
waste heat to the outdoor air at 34°C. The room gains heat
through the walls and the windows at a rate of 250 kJ/min
while the heat generated by the computer, TV, and lights

amounts to 900 W. The refrigerant enters the compressor at
300 kPa as a saturated vapor at a rate of 100 L/min and
leaves at 1200 kPa and 30°C. Determine (a) the actual COP,
() the maximum COP, and (¢) the minimum volume flow
rate of the refrigerant at the compressor inlet for the same
compressor inlet and exit conditions. Answers: (a) 6.58,
(b) 37.4, (c) 17.6 Limin



6-103 An air-condittoner with E-134a as the workmg flmd 15 considered. The compressor inlet and exit
states are specified. The actal and maximum COPs and the mummum volume flow rate of the refnigerant
at the comprezsor inlet are to be determined.

Assumprions 1 The aw-condihoner operates steadily. 2 The kinetic and potential energy changes are zero.
Properries The properties of R-134a at

the compressor mlet and exit states are *GH
(Tables A-11 through A-13) o
P, =500kPa | hy =259.30 klkg Condenser 3 1.2MPa
=1 [¥ =004112m3 ke 4 s0c
Expansion
B, =1IMPa ] Wy
- s0°C J.Fr: =2T827 klkg valve Compressor :Iﬂ—
Analysis (a) The mas: flow rate of the refngerant 4 500kPa
and the power CIJ]:L-.“IJII:I.Pﬁ:DI] ufﬂ:l;e COMPIessoT are Evaporator sat. vap.
i 3 i -
, 100 Limin| lm”_ | 1min *
7 | 100OL fl 605 ) ~ o
Ny =—= - =0.04053kg's
v 004112 m* kg

W =mig (ha — ) = (004053 keg/=)(278.27 — 259 30) kIkz = 0. 7686 kW
The heat gains to the room must be rejected by the air-condiioner. That 1z,

. . . o Tmin
= + : = (250 kI +0.9KW =5067 kW
01 = Osen * Qeqipmens = 250K imin) ~ J
Then, the actual COP becomes
. T
CDP=&= 5.067 kW _
Wy 07686 kW

(b) The COP of a reversible refrigerator operahng between the same temperature linits 15

COP__ I_l = Il
Ty (T, -1 (34+273)/(26+273)—1

=374

(¢} The munmmum pewer input to the compressor for the same refiigeration load would be

W 0, _S06TEW
“ERCCOPR 3738

=0.1356kW

The mimmum mass flow rate 15
Fﬁmm _ 0.1356 kW
hy —ly (27827 -258.30) kTkg

=0.00714% kg'=

Mg g =

Finally, the munimum volume flow rate at the compreszor inlet 15

Vigia 1 = Pitg iy = (0.007149 kg/s)(0.04112 m’kg) =0.000294 m*/s=17.64 Limin

mm

6—10% The “Energy Guide™ label of a refrigerator states that
the refrigerator will consume %74 worth of electricity per
year under normal use if the cost of electricity is 30.07/kWh.
If the electricity consumed by the lightbulb is negligible and
the refrigerator consumes 300 W when running, determine
the fraction of the time the refrigerator will run.



6-109 A refiigerator consumes 300 W when mnning, and 374 worth of electricity per vear under normal
use. The frachion of the time the refligerator will run 1n 2 vear is to be determined.

Assumprions The electneity consumed by the light bulb is neghgible.
Analysis The total amount of alactricity the refngerator uses a vear 15

_ Total cost of energy _ 374/ vear

— =1057 kWh'year
Unat cost of energy  $0.07EWh

Total electric energyused =W, .

The number of hours the refngerator 15 on per year 15

v 1057 EWh
Total operatmg hours = Ar = ool _ L T 3524 hivear
w, 0.3EW (

Motng that there are 365x24=8760 hours in a year, the fraction of the
time the refrigerator 1= on duning a vear is determaned to be

Time fraction on = Total operating hours _ 35324 /vear — 0407
Total howrs per vear 3760 hivear

Therefore, the refrigerator remained on 40.2% of the tme.

6—114 A heat pump with a COP of 2.4 is used to heat a
house. When running, the heat pump consumes 8 kW of elec-
tric power. If the house is losing heat to the outside at an
average rate of 40,000 kI/h and the temperature of the house
is 3°C when the heat pump is turned on, determine how long

it will take for the temperature in the house to rise to 22°C.
Assume the house is well sealed (i.e.. no air leaks) and take
the entire mass within the house (air, furniture, etc.) to be
equivalent to 2000 kg of air.

6-114 A heat pump with a specified COP 1= to heat a house. The rate of heat loss of the house and the
power consumption of the heat pump are grven. The tome 1t will take for the interior temperature to nze
from 3°C to 22°C is to be determined.

Assumprons 1 Air 15 an 1deal gas with constant specific heats at room temperature. 2 The house 15 well-
sealed so that no air leaks m or out. 3 The COP of the heat pump remains constant dunng operation.

Preperties The constant velume specific heat of air at room temperature 15 ¢, = 0.718 kI'kg.°C (Table A-2)
Amnalysis The house is losing heat at 2 rate of

O, =40,000 kT =11.11kNs
The rate at which this heat pump supplies heat 15
Oy = COPl,, o = (248 kW) =192 kW
That 15, thas heat pump can supply heat at a rate of 19.2 kI's. Taking the house as the system (a closed
system), the energy balance can be written as
Ep —E = i"'Eq.'.Tmn
 r—— . kinatic
by hisart, and maa Ch‘ﬁ'm'::] st anargine 4E'3E]
22°C :
0 -0 =AU = miuy —uy) A
O~ Goe = mie, (T~ I} 3°C
(O — O )it = me, (T, - 1)) Qu
Substituting, (19.2—11.11kT/s )JAr = (2000kg 0. 718k kg.* cla2-3fc Win

Solving for Ar, 1t will take
Ar = 33735 = 0.937Th
for the temperature 1n the house to nse to 22°C.



6—117 An air-conditioning system is used to maintain a
house at a constant temperature of 20°C. The house is gain-
ing heat from outdoors at a rate of 20,000 kI/h, and the heat
generated in the house from the people, lights, and appli-
ances amounts to 8000 kI/h. For a COP of 2.5, determine
the required power input to this air-conditioning system.
Answer: 3.11 kW

6-117 An air-conditoning svstem maintamns a house at a specified temperature. The rate of heat gain of the
house, the rate of mternal heat generation, and the COP are given The required power nput 1s to be
determinad.

Assumprions Steady operating conditions exist.

Analysis The cooling load of this aw-copdiioning system 15 the sum of the heat gaimn from the outdoors and
the heat generated in the house from the people, lights, and appliances:

O = 20,000+ 8,000 = 28 000 kT /k GTJJ@
Using the defimtion of the coefficient of performance, the power mput
to the air-condiionmmg system 1= determined to be COF=25
) ] i ;o T House [
W = Or _ ZS:GDD_L:_T'I” 1kW - 311 KW N .
COP, 15 | 3600kIm | i3 a

6—128 A Carnot heat engine receives heat at 750 K and
rejects the waste heat to the environment at 300 K. The entire
work output of the heat engine is used to drive a Carnot
refrigerator that removes heat from the cooled space at
—15°C at a rate of 400 kI/min and rejects it to the same envi-
ronment at 300 K. Determine (a) the rate of heat supplied to
the heat engine and (F) the total rate of heat rejection to the
environment.



6-128 A Camot heat engme drnves a Camot refrigerator that removes heat from a cold medmm at a
specified rate. The rate of heat supply to the heat engine and the total rate of heat mejection to the
environment are to be determmed.

Analysis (a) The coefficient of performance of the Camot refrigerator1s
1 1
COP; - = = — =614 S —
AT, T, )-1 BOOE)25EE)-1 C ok > Casc D
Then power input to the refiigerator becomes . 400 kJ'min
g;  _ 400 kVmm

lQH. HE

T = Con. 613 o Mmm ann
which is equal to the power output of the heat engme, B—mm . C::::_ __ﬂK__ _:::-:‘]
The thermal efficiency of the Camot heat engine 1= determined from

Mo =1—;—;’I= 1—% = (.60

Then the rate of heat mput to this heat engine 15 determined from the defmition of thermal efficiency to be

Wostus _ 65.1 KJimin
Mase 0.60

(b} The total rate of heat rejection to the ambient aw 15 the sum of the heat rejected by the heat engine
{ O s ) and the heat discarded by the refrigerator { Oy g ),

Oy pz = =108.5 kJ/min

O s = O iz — Wog o =108.5—65.1 =434 kl/'min
Opn=0p 5+ W =400+ 65.1= 4651 kl/min

Orticee = Oy 5z + O 5 =43.4+465.1 = 508.5 kJ/min

6—138 The drinking water needs of a production facility
with 20 employees is to be met by a bobbler type water foun-
tain. The refrigerated water fountain is to cool water from 22 to
87°C and supply cold water at a rate of 0.4 L per hour per per-
son. Heat is transferred to the reservoir from the surroundings at

Cold water
8C

Water
inlet Water
27390 reservoir

0.4 Lih - person C 2
25°C } i
Refrigeration
Water system
fountain




6-138 The dnoking water needs of a produchion facihity with 20 employees 15 to be met by a bobbler type
water fountain. The size of compressor of the refrigeration system of this water cooler is to be determined.

Assumprions 1 5Steady operating conditions exist. 2 Water 15 an incompressible substance with constant
properties at room temperature. 3 The cold water requirement i1z .4 L'k per person.

Prapernes The density and specific heat of water at room temperature are 0 = 1.0 kg/l and ¢ = 4.18
kIkg *C.C (Table A-3).

Analysis The refrigeration load m this case consists of the heat gain of the reservoir and the cooling of the
incoming water. The water fountam must be able to provide water at a rate of
M e = p[jm =(1kzgT}04L%- person){20 persons) = 8.0kgh

To cool this water from 22°C to 8°C, heat must removed from
the water at a rate of

Qmﬁ_ns = Tii\'-'];':Tj_n =T " Water in
= (8.0kzh)(4.18 K]k “C)(22-8)°C 2
=468kJh =130W (sineelW=36kI'h) - )
r_,—?
Then total refigeration load becomes ::_%
Oresig vomt = Oocting + O =130+ 45=175W L%:
Moting that the coefficient of performance of the refrigeration ( =
system 15 2.9, the required power mput 15 —LI Refriz
N lf} . F Water out
s =2 10N _Go3 w |
COop 29

Therefore, the power ratmg of the compressor of this
refrigeration svstem must be at least 60.3 W fo meest the cold
water requirements of this office.

6—145 A heat pump with refrigerant-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. Refrigerant enters the evap-
orator at 20°C with a quality of 15 percent and leaves at the
same pressure as saturated vapor. If the compressor consumes
1.2 kW of power, determine (@) the mass flow rate of the
refrigerant, () the rate of heat supply. (c) the COP, and
(d) the minimum power input to the compressor for the same
rate of heat supply. Answers: (a) 0.0175 kgfs, (B) 3.92 kW,
(c) 3.27, (d) 0.303 kW

éﬁ
N Condenser 1
Expansion .
valve Compressor o —li,
Y .| Evaporator -
20°C . Sat. vapor
x=0.15 .
o |

Geo. water 40°C
s00C



6-148 A geothermal heat pump with E-134a as the working flmd 15 considered. The evaporator inlet and
exit states are specified. The mass flow rate of the refnzerant, the heating load, the COP, and the minimowm

power input to the compressor are to be determined.

Assumprions 1 The heat pump operates steadily. 2 The kinetic and potential energy changes are zero. 3

Steam properties are used for geothermal water.

Preperties The properties of R-134a and
water are (Steam and R-134a tables)

Amnalysis (a) The rate of heat transferred from the water
15 the energy change of the water from mlet to exit

O, =i, (h,; —h, )= (0.065kg/s)(209.34 ~ 167 53) klkg = 2. TIS kW

T, =20°C) hy =106.66 kl/kg
x =015 B =35721kPa

B, =R =5721kFa }Fr: — 26159 kTke

xy =1

T, =S0°C

v ]-h__] =209.34 kIkg
.T.-I] =':| J

T, . =40°C

- ]h_: =167.53 klkg
.\’.-I:='|:| J !

1‘3&4

h

Condenser Y

Expamsion W,

valve "

Compressor —
Evaporator *
0% t Sat. va|
x=0.15 I G =8k vap.
Geo water

50°C 40°C

The energy mmcreasze of the refrigerant 15 equal to the energy decrease of the water in the evaporator. That

15,

O

2T718EW

O =ity (hy—hy) F Mg =

{b) The heating load 15

Oy =0, +T, =2718+12=392kW

Wy —hy  (261.59—-106.66) ks

{¢) The COP of the heat pump 15 determined from 1tz definthon,

c;}p=g¢=w= 3.27
W, LIEW

=0.0175kg's

{d) The COP of a reversible heat pump operating between the same temperature limits 15

COF ! !

=TT, /T, 1-(25+273)/(50+273)

12.92

Then, the mmmum pewer input to the compressor for the same refrigeration load would be

W Oy _392KW
=EE O COP, 1292

=0.303 kW



6-149 Cold water at 10°C enters a water heater at the rate
of 0.02 m¥/min and leaves the water heater at 50°C. The
water heater receives heat from a heat pump that receives
heat from a heat source at 0°C.

(a) Assuming the water to be an incompressible liquid
that does not change phase during heat addition, determine
the rate of heat supplied to the water, in kl/s.

(b) Assuming the water heater acts as a heat sink having
an average temperature of 30°C, determine the minimum
power supplied to the heat pump, in kW.

Water Water
inlet exit

"r.--" '--..\"

Water

Surroundings
heater

0°C

6-149 A heat pump is used as the heat source for a water heater. The rate of heat supplied to the water and
the minimum power supplied to the heat pump are to be determined.

Assumptions 1 Steady operating conditions exist. 2 The kinetic and potential energy changes are zero.

Properties The specific heat and specific volume of water at room temperature are ¢, = 4.18 kJ/kg.K and
v=0.001 m’/kg (Table A-3).

Analysis (a) An energy balance on the water heater gives the rate of heat supplied to the water
(0.02/60)m>/s

3 (4.18 kI/kg.°C)(50—10)°C =55.73 kW
0.001m"/kg

: . v
Oy =ic, (T, _TI):;C}J(TE -T) =

(D) The COP of a reversiblk heat pump operating between the specified temperature limits is

cop, =—— 1 - L =10.1
1-T; /Ty 1-(0+273)/(30+273)

Then. the minimum power input would be

: Oy  55.73kwW
Winmin = =
COP 10.1

max

=5.52 kW




6—-150 A heat pump receives heat from a lake that has an
average winter time temperature of 6°C and supplies heat
into a house having an average temperature of 27°C.

(@) If the house loses heat to the atmosphere at the rate
of 64,000 klJ/h, determine the minimum power supplied to the
heat pump, in kW.

(b) A heat exchanger is used to transfer the energy from
the lake water to the heat pump. If the lake water temperature
decreases by 5°C as it flows through the lake water-to-heat
pump heat exchanger, determine the minimum mass flow rate
of lake water, in kg/s. Neglect the effect of the lake water

pump.

Lake water

Orost Lake water inlet Lake water
E to HP heat pump
exchanger

6-150 A heat pump receiving heat from a lake is used to heat a house. The minimum power supplied to the
heat pump and the mass flow rate of lake water are to be determined.

Lake,

Tyy = 6°C

House
T water

W exit

in

Assumptions 1 Steady operating conditions exist. 2 The kinetic and potential energy changes are zero.
Properties The specific heat of water at room temperature is ¢, = 4.18 kJ/kg.K (Table A-3).
Analysis (a) The COP of a reversible heat pump operating between the specified temperature limits is

1 1

COP_., = = =14.29
T 1-T, /Ty 1-(6+273)/(27+273)
Then. the minimum power input would be
: 0 64.000 / 3600) kW
i = = & W _ 1244w
’ COP, .. 14.29

(D) The rate of heat absorbed from the lake is
O; =0g ~ Wiy i =17.78-1.244=16.53kW
An energy balance on the heat exchanger gives the mass flow rate of lake water

_ 0, 16.53kJ/s
mwatﬂ = =
c,AT  (4.18kI/kg.°C)(5°C)

=0.791kg/s



