Thermodynamics: An Engineering Approach, 6" Edition
Yunus A. Cengel, Michael A. Boles
McGraw-Hill, 2008

Chapter (6)

SECOND LAW OF
THERMODYNAMICS



Heat Pumps



Example (6-17

6-17 The power output and thermal efficiency of a power plant are given. The rate of heat rejection 1s to be
determined, and the result 1s to be compared to the actual case i practice.

. r
Oy =——" = 5{:{:3:;{% =1500 MW

M

O; = Oy —T,,, .. =1500—600 =900 MW

600 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.




Example (6-19

6-19 The work output and heat mnput of a heat engine are given. The heat rejection 1s to be defermied.

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

Analysis Applying the first law to the heat engine gives
0; =0y -, =300kT-200kT =300kJ




Example (6-21)- Homework

6-21 The power output and fuel consumption rate of a power plant are given. The thermal efficiency 1s to
be determined.

Assumprions The plant operates steadily.

Praperties The heating value of coal 1s grven to be 30,000 kl'kg. 77th — ’)

Analysis The rate of heat supply to this power plant 15

QH = I"TL:?r:-:ua]'f.'i'H‘.-':n:n::ual
= (60.000 ke/h)(30.000 kJ/kg)=1.8x10° kI/h
=300 MW

Then the thermal efficiency of the plant becomes

Mo 150 MW

My =—2— = = 0300 =30.0%
0y 500 MW




Example (6-22

0-22 The power output and fuel consumption rate of a car engine are given. The thermal efficiency of the
engme 1s to be determuned.

Assumptions The car operates steadily.
Properties The heating value of the fuel is given to be 44.000 kJkg. Prue = 0.80 / cm?®

Analysis The mass consumption rate of the fuel 1

sy = (V) sy = (08 ke/L)(28 L) = 22.4 kg/h Fuel

The rate of heat supply to the car 15 A

Lt T L T T

: . 28 LM 60 kW
QH = I.'?':'1|:-:|E|l'ﬁ'I—I‘i.",n:-::u:i.l @

= (22.4 ka/h)(44.000 kJ/kg)

=985.600 kJ/h = 273.78 kW 77th — ?

Then the thermal efficiency of the car becomes @

Moo 60 kW
- = 0219 = 21.9%

Oy 27378 kW




Example (6-28

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 determuned.

Assumptions 1 The power plant operates steadily. 2 The kimetic and potentsal energy changes are zero.
Praperties The heating value of the coal 15 given to be 28,000 kI kg

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

Gm-ﬁ“‘*"‘“ W _gnsvw 77 = 32%

oy 03

0, =0, At=(937.5MIs)(24x36005) =8.1x 107 MJ




The amount and rate of coal consumed during this period are

Moy = O =3'1:":m? MW 2893108 kg
= ogpr 28MJkeg

2893x10°% &
L Wil T T Y007
A 24%3600s

(D) Noting that the air-fuel ratio 1s 12, the rate of air flowing through the fumace 15
= (12 kg atr/kg fuel)(33.48 ke/s) = 401.8kgls

i = (AF)i

all

coal




Refrigerators and Heat
Pumps



Example (6-40)

-""'_'_._._._I_l__l_'_""l-
( Reservoir )

Find COP?

O | O, =15090kJ/h

(: F.I.?E-El"i.-'ﬂil':]
"“--_._,_,_._--""’

Oy 15.090kIh| 1kW
COP,, =2 =M'&|=z_?g

g 1.5KW | 3600kI/h

" natin




Example (6-41)-Homework

_._,..—-—'_'_'_'_'__‘—l—..._l__
¢  Reservoir

1: F.E‘EiE‘l"i.-'Dil':]
—

O = COPp I, =(1.6)(2kW)=3.2kW =3.2kJIs

netin



Example (6-47)

=
(" Outside )

Determine the power of Air-
conditioner?

Given:

Time to cool the house from 32C to 20C is 15 min.
m,, = 800 kg

Assumpfions 1 The air conditioner operates steadily. 2 The house 1 well-sealed so that no air leaks 1 or
out durtng cooling. 3 Air 15 an ideal gas with constant specific heats at room temperature.

Properties The constant volume specific heat of air 15 givento be ¢,=0.72 kJ/




O; = (mc AT}, =1(800 kgh0.72 kl/kg - °C)¥32-20PC = 6912 kJ

( Ouside
| 5 017 KT 1fsicie
O; - =':"‘; 2K 7681w

Ar 15=60s

O, 768 m.

i -
T CoR 2 -
House

=3.07 kW




Example (6-50

COP=?

6-30 The cooling effect and the rate of heat rejection of a refrigerator are given. The COP of the

refrigerator 1s to be determined.

Assumptions The refrigerator operates steadily.

Analysis Applying the first law to the refrigerator gives

ﬁ;m:m =0y -0; =22,000-15,000="7000kI/h ﬁrmjn
Applying the defimtion of the coefficient of performance, ' Q =15000kJ/kg
), 15.000kI/h
cop, -2 DOWEh L, 4y
W 7000

net.in




Example (6-55

800 kPa Os 800 kPa
35°C

. Find COP of the heat
pump?

\ / Expansion
/\ valve Compressor

. Heat of absorption
from the outside air?

Properties The enthalpies of E-134a at the

condenser imnlet and exit are

Evaporator

O

m =0.018kg/s
W,  =1.2kW

Comp

B =800kPa |
Iy =271.22 klkg
L,=35C |

£y =300kPa }f@ = 9547 kl/kg

.'-l'.'! =|:|




m =0.018kg/s
W, =1.2kW

Comp

O =m(h —hy) =(0.018kg/s)(271.22-95.47) klkg =3.164 kW

The COP of the heat pump 1s
Oy 3.164KkW _264

COP==
., 1 2EW

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

Q; =0y —W, =3.164-12=1.96 kW




Example (6-56)-Homework

Condenser

\/ Expansion

/\ valve ~
Compressor

Evaporator

120 kPa

.1-|'.-1 = [:]_2

P, =120kPa |

el

-




Analysis (a) The refrigeration load 1s

O, =(COPYW,, =(1.2)(0.45kW)=0.54 kW

The mass flow rate of the refrigerant 15 determined from

0, 0.54kW
2L _ & =0.0031 kg/s
17 — iy [JJEE—T—&:'JEI‘ l-:Jkg

(&) The rate of heat rejected from the refrigerator 1s

On =0; +W, =0.54+045=0.99 kW

L




Carnot Heat
Engines



Example (6-81)-Homework

15,000 kJ'h

T
Mihmax =17 L= 1- =0.425
- T, = 550K

When the first law 1s applied to the engine above,

O =T, +0, = (1w 220K |+15.000 kJ/h = 33.000 k/h

LKW

The actual thermal efficiency of the proposed hear engine 1s then

R~ SKW |”35r:n::k:r.-h“-|= 0545
L 1KW

-

the inventor's claim 1s imvalud.



Example (6-83

Investigate this heat enqgine?

T, 200 K
= =1-L =1-2"""" =042 or 42%
'r?th:max ??th:': TH 500 K o

The actual thermal efficiency of the heat engine 1n question 1s

W,. 300K

net

O, T00k]

the claim 1s false.

=0.429 or 42.9%

Ty =



Carnot

Refrigerator and
Heat Pumps




Example (6-94)

Determine the rate of cooling?

6-94 The rate of cooling provided by a reversible refrigerator with specified reservorr temperatures 1s to be
determined.

Assumptions The refrigerator operates steadily.

Analysis The COP of this reversible refrigerator 15

cop. L T MK
T T, 300K-250K

Rearranging the definition of the refrigerator coefficient of performance
oIves

Q.E COPR 03X net m - CJ}{I[:] k‘w} S0kW




Example (6-99)-Homework

COPyp .. = L : =1475

- Te) 1-242BR)242BK) T 1000

| | | | | House
The required power mput to this reversible heat pump 15 1°C
deternuned from the defimition of the coefficient of
performance to be
| ' m ) kW
. - Oy _ 110,000 kJh| 1h 907 kKW @ J
— COPyp 14.75

3600 s

I"u

Thus heat pump 15 powerful enough since 3 kW = 2.07kW. GivenT =2"°C




Example (6-105

1. Determine the heat pump ran on that day?

82,000 kJ'h

House | Carnot Heat

Pump?

2. Total heating cost?

3. Heating cost for the same day if resistance
heating is used? ' " 8 kW

1 1
OB . = - . =163 e >
Fie. 1-(T; /Ty ) 1-(2+273K)(20+273K)

The amount of heat the house lost that dav 1s
Oy = Oy (1day)=(82.000 kJ/h |24 h) =1.968.000 kJ

O 1968000 kJ

Wi = =120,736 kJ
COPyp 163

Thus the length of time the heat pump ran that dav 1s

W et in _ 120736 kJ
55 8 kl/s

net in

Ar = =13092s5=419h




(b) The total heating cost that day 15

Cost = IV xprice =7, At|price) = (8 kW) 4.19 h0.085 $kWh)= 5285

].‘IETL'Il

(¢) 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 kI of electricity that would cost

[ kWh ‘

New Cost = O Xprice = (L9683 Dﬂﬂk]*

(0,085 $/kWh | = $46.47




THE END
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