Lecture 49
(CH14:4-5)



Heviewing New Concepts: ?’%ﬁ%@%%ﬁ%%ﬁﬁ% é'mé“%,%gfﬁé;g%%?g%;‘éiﬁé%"7'_"- Eh
A heat engine does work by drawing heat from a hot reservoir, and ejecting heat to a
cold reservoir, B -
- . o ¢ ' ~ Ny
¢ The efficiency of a heatengine s e = | — — = ,_b_(ﬁ____.?: = A
On A A u

The Carnot cyele gives the maximum theorctical efficiency for a heat engine:

¢
ECanae ™ 1 T
H
- A refrigerator operates Bike a heat engine in reverse, with coefficient of performance

Oc Oy
given by COP = %—1- For heat pumps, COP = —s-{-"
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ORGANIZE AND PLAN  In a Carnot cycle, the efficiency is one minus the temperature ratio between the cold and
hot reservoirs. 3

Known: T, =20°C. e = 0.5. T 1. _ \ C,
SOLVE The Carot efficiency is: 4 al A’" %,,'"‘7 \ Y

—%
A Ty | ‘_

1
eCamct = 1 _T_:-
which we can rewrite for to calculate the maximum (;iaiglpeiture ( 2042713 ‘)
—_— o
1 i
T, = T, = 20°0C=+
T ol-en, - 1-05 o (JO \L
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P-1
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ORGANIZE AND PLAN  The efficiency is the ratio between work done and the thermal
energy removed from the uranium fuel. The work done is the difference between the

thermal energy and the waste heat. [
Known: Q,=1700M5; 0. =1100 MJ; ¢ =1s. r}
SOLVE (a) The work done is: W= W A \(,»l 9

W =0y~ =(1700 MT) - (1100 MJ} = 600 MJ
The efficiency is the power plant is:

oo (B00MT) s 0/0
O, (1700 MI}

{(b) The rate of electrical energy produced, i.e., the electrical power is:
_ W _ {600 MJ)

i {1s)

REFLECT If the nuclear power plant is close to a city, the waste heat could instead be
used to heat thousands of homes.

=600 MW
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TI.ORGANIZE AND PLAN  The cocfficient of performance of a refrigerator 1s the heat removed
divided by the required work.
- o
T

Known: COP=338; P =600 W.
SOLVE The refrigerator can remove heat at a rate:

QUASTRNY i ¥ — %: copf? =COPx P =(3.8)(600 W) =23 klis

REFLECT The higher the COP the larger the amount of heat removed.
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94. ORGANIZE AND PLAN  The coefficient of performance (COP) of a heat pump equals the
heat delivered divided by the electrical energy used. This means that with a heat pump,
the required efectrical energy is reduced by a factor that equals the COP.

Known: ¢=3%180,COP=3.1.
SOLVE The monthly heating bill after installing a heat pump is;

¢ ($180)

- =$58 '%\-m
cor - G

REFLECT We have assumed that the cost per kWh is constant. This is not always true:

some electrical utility companies charge higher prices per kWh once a certain level has
been surpassed. In such a situation, the savings would be even greater.

W({q\ = Qh’l .%;'\@D

: Qo Wrg (&
QO\P-—\Q“ T MW = _,\,g,L.,&/.. W\? M
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72. ORGANIZE AND PLAN  The coefficient of performance of a refrigerator (to
// which we count air-conditioning systems) 1s the heat removed divided by the
_ required work.
GO Known: cor—32 povmnw, ro2an
SoLVE The electrical energy (required work) consumed in 24 h is:

W=Pr=(1200W){241)=1.0x104] 2~ 2 V_}i
_ ) *
The amount of heat removed from the house is; Kg\
T

Al

0. =COPxW =(3.2}{1.0x10° J}=3.3 %10 J ) QO\) 2 W
REFLECT The higher the COP, the larger the amount of heat removed.
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St = i = 2 = $0 J/K
S TN TS
Heat flows oy of the hot obiect. so @ = —24.00G 1, and

9 ~ 24 (00§
A X = = — = = A K ) ( /
A =3 0T Tang T wikl W=9

The net entropy change of the whole system is

ASura = ASuat T ASay = SO I/K ~ 60 17K = +20 I/K

N, S@

%mm@ taw @%@aﬁgmmﬁ%&%m;g Heat fio
sntropy of the mmiverse. © 0
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56,0RGANIZE AND PLAN  The entropy change is the heat removed from the steam divided by
=~ the temperature. The heat removed can be calculated using the heat of vaporization from

' Table 13.3.
Q\Qf\? Kuown: m=75g T =100°C. 1 =226« Jkg,
SOLVE The heat removed from the steam to condense 1t 1S

Q=-mL, =-(75g)(2.26x10° Jkg) =~1.7x10° J
i Ny o y @
The entropy change 1s: 0-75?-1‘3"‘(%‘ & \ V\% M V3 ;S

O i) B i) PP
T (100°C) (373K)
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57. ORGANIZE AND PLAN The entropy change is the heat added to the ice or ¥
the water divided by the temperature. The heat added can be calculated using »
the heats of transformation from Table 13.3.
Known: m=100g T, =0°C; L, =333x10° kg 7, =100°C; L, = 2.26x10¢ Vikg,
SOLVE When thé ice melts the entropy c}iange is:

9, mh, (100g)(3.33x10° Jkg)

=122 J/K
7 Tf {o°C)

AS:,w

When the water boils the entropy change is:

0, mL, (100 g}(226x10° ykg)
AS\) = T—v— =t =
T, T, {100°C)

v

=606 I/K
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Probability, Entropy, and
Based on these 1deal-gay examples, we can now relate disorder and entropy. In the late
19th century, Ludwig Boltzmann showed that the entropy of a macrostate comprising ()
mMICrostales is

S =kl (Bolzmann entropy formula; SLunit: 7Ky~ (14.10)

where Boltzmann's constant s kg = 138 X 10
If you apply Boltzmann's formula to the 100-molecule gas {Table 14.3), the results are
striking. The entropy of the state with 50 molecules on ¢ach side is

$ = hpin = (138 X 1077 J/K)In (1.01 X 107) = 922 x 1072 1/K
The entropy of the state with ene molecule on the leftis
S o= kpIn € = (138 % 1077 KM {100) = 636 X 1079 /K
while the state with all the molecutes on one side has

§ = kpn €2 = (138 X 1077 K (1) = 0
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70.0ORGANIZE AND PLAN  The waste heat (or power) is the difference between the thermal
energy (or power) of the power plant and the electrical energy (or electrical power). The
thermal energy equals the electrical energy divided by the efficiency. Using the heat

capacity of water from Table 13.1 we can calculate the temperature increase of the water l \Q I

flow. 'S Y%

Known: P =1300 MW; ¢=031;0Q =1500m*/s; ¢ = 4186 I/ (kg-°C}; £ =1000 kg/m’. \"‘——:>\1

SOLVE The amount of waste heat per second is: \ &ﬂz

0. ’ ~ | - Q
A 3 A

W

st (37,0 = 28840 T w

N - fﬁi»
Expressed in mass, the amount of water flowing through the river is: &t
¢ = v
(\& ) "?W:Btz = pQ = (1000 kg/m? ) (1500 m? /5) = 1.5x 105 kg/s Pu
The temperature increase can be calculated using Equation 13.2. Divide this equation by
time to get: \;z ,_’-
U
\JVLU

Po="eAT
f

o = C W0 (T

Solve to the temperature increase and calculate:

A (2.80x10

¥s)

Al =—%-= =0.46°C ] p -
oM (4186 J/(kg-°C)}(1.5x10° kg/s) ﬂh\ - Ve
t (/ \M Wi
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89.0RGANIZE AND PLAN We will assume that the power plant operates at the maximum
thermodynamic efficiency, i.e., the efficiency of a Camot cycle, where the efficiency is
one minus the temperature ratio between the cold and hot reservoirs. The power produced
is proportional to the efficiency, so from knowing the winter production and both the
winter and summer efficiencies we can calculate the summer production.
Known: T, =310°C; P, =650 MW, T, .. =0°C; T =38°C.

SOLVE (a) The theoretical maximum winter efficiency is: > & 1_13

Camot, winter :
et Ty (310°C)
. . T TR
(b) The theoretical maximum summer efficiency is: Q13
e i T g (38C) 7 0.466
Camot, surmer ?H ] £ 3100 Q); )
RS A L

The production is proportional fo efficiency, so comparing the winter and summer
numbers we must have:

\{Zflz\/\\ﬂ\} = P@wgﬁmm

If we assume that the efficiencies are the Carnot efficiencies, we have:

b winter £, sumImeE
eCmno!,w'mﬁer eszof,mmer
P =S p _A0450) oo rye sronew

summer | winter 7 [mmaay
{'aCaanwmr {Q 33 2."
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