Chapter 6
The Second Law of Thermodynamics
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\6.1 Introduction to the Second Law
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6.2 Thermal Energy Reservoirs I

Thermal energy reservoirs - a hypothetical body with a relatively
large thermal energy capacity that can supply or absorb finite
amount of heat without undergoing any change in temperature.
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6.3 Heat Engines (# )
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High-temperature -
gS(‘)U:Z’E‘ Heat engines

Qi 1. Receive heat from a high-temperature source.
N 2. Convert part of this heat to work.
‘w/ HEAT 3. Reject the remaining waste heat to a low
\ ENGINE | H
\ Woctou temperature sink.
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4. Can operate on a cycle.
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| Heat engines

Energy source
(such as a furnace)
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Energy sink

(such as the atmosphere)
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Main Components

1. #h— 4’ (boiler)

2. iff ¥ 18 (turbine)

3. 4 3 (condenser)

4. Rt (compressor) £ F1if (pump)




[Heat engines |
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Thermal efficiency= ———————
Total heat input
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| Heat engines |
SOURCE
Heat input
100K 100kJ
O Net | @ / Net
work work
20k) 30k

Waste heat gk Waste heat
80K 70k

Ty = 20% T2 = 30%
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High-temperature reservoir Furnace
aTy
Qy=100MJ

y O\ Wi o= 55 MJ
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Low-temperature reservoir
aTy The atmosphere
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| Heat engines |
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Reservoirat  (100kJ) (85kJ)
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Reservoir at
20°C
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[Heat engines |

Example 6-1

FURNACE

Q= 80MW

i ...,

0, =50MW

RIVER

Heat engines

Kelvin-Plank Statement (a statement of the Second-Law)

- Itis impossible for any device that operates on a cycle to receive heat
from a single reservoir and produce a net amount of work.

Thermal energy reservoir

Q=100 kW

/ \ Wietou = 100 kW
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6.4 Refrigerators and Heat Pumps

(kB2 EX)

Surrounding medium
such as the kitchen air

on Main Components

800 kPa 800 kPa
0°C 60°C

120 kPa 120 kPa
-25°C -20°C
—’{I VAPOR \I’HR}_
L\

Refrigerated space

. B 554 (compressor)

2
\/ EXPANSION Woetin 3.
/\ VALVE COMPRESSOR R ] 4.

# %% % (evaporator)

4 5% % (condenser)
iF 8 (turbine) & #2 3R R
(expansion valve)
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Refrigerators and heat pumps I
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HEAT PUMP OPERATION—HEATING MODE

Outdoor coil Reversing valve

Indoor coil

Compressor
Expansion
valve

—— High-pressure liquid
Low-pressure liquid-vapor

Low-pressure vapor
= High-pressure vapor

HEAT PUMP OPERATION—COOLING MODE

Outdoor coil Reversing valve

1= Indoor coil
i

Fa
Compressor BRSBTS
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‘ Refrigerators and heat pumps I
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COP: coefficient of performance
+ Wit i
COPR; = Q COP,, = Qu _ Q netin =1+COPR,
net,in net,in Wnel,in

‘ Refrigerators and heat pumps I

Example 6-3 Example 6-4
Kitchen /\

Yoase: 80,000 kJ/h
20°C >
Heat loss

D\ Wyegio =2 kW
\ 5

[ ’ FEER
\ / FITL MR
L = -
COoP=25
0, = 360 k)/min \
£
Food &

compartment

4°C & 6-24 Outdoor air at -2°C B 6-25

Refrigerators and heat pumps I

Clausius Statement (another statement of the Second-

Law) - It is impossible to construct a device that operates in a cycle
and produces no effect other than the transfer of heat from a lower-
temperature body to a higher-temperature body.

Warm environment
Qu=5K
[—{_]' A Waciia=0
o

0 =5k
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Cold refrigerated space




Refrigerators and heat pumps I

High-temperature reservoir High-temperature reservoir
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Low-temperature reservoir Low-temperature reservoir

a7y at,

(a) A refrigerator that is

ered by (b) The equivalent refrigerator
100 percent efficient heat engine
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6.5 Perpetual-Motion Machines, PMM
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6.6 Reversible and Irreversible Processes
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Reversible and irreversible processes I
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Reversible and irreversible processes I
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Internally and externally reversible I

Explain
the system

No
irreversibilities F;I
outside ‘r 3 rian
the system } No
| irreversibilities |
} inside
I
I
I

6-35 ¥ i dE#2.¢ 35 M ¥ i (internally reversible)
2 #b ¥ 3 (externally reversible) »

S0kPa
Bt E7
¥ Q ° (©) R4 Thy AT ShiR e
6-33 7 ¥ i R iFx (a) 5o 8 A& A eif il g
MR E AR o R
(b) F A2 % ¥ it o
Internally and total reversible I

Boundary
at 20°C

Thermal energy Thermal energy
reservoir at 20.000...1°C reservoir at 30°C
(@) Totally reversible (b) Internally reversible
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6.7 The Carnot Cycle (+ # /%) |
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6.8 The Carnot Principles

The Carnot principles I

- 5 High-temperature reservoir
Hngh-lemperla};lre reservoir atTy
aly
On On
= 1. < Ny » always; W, A ‘ W, TNy
//l— / 3 \\ MNirrev < Mrev y! v ey Reversible rev Combined irrev = Wrew
[ Irrev. Rev. | 2. 1M, are same between HE (::i)// HE +R
HE HE / . /
\\ the same two reservoirs. N
Qpimev < QL rev
M1 < Mn.2 Mh2 = Mn3 (assumed) O Orrev = QLimes
Low-temperature reservoir Low-temperature reservoir Low-temperature reservoir
a7, a Ty atTy,

(b) The equivalent combined system
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then reversed to run as a refri

— 6.9 The Thermodynamic Temperature Scale
The Carnot principles I
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The thermodynamic temperature scale I
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6.10 The Carnot Heat Engine

High-temperature reservoir
at Ty = 1000 K

On

W,

net.out

[

Low-temperature reservoir
at T, =300 K

\ Nu=70% | \ ny=d5% | {

High-temperature reservoir
at Ty= 1000 K
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[ Rev.HE \ [ hrev-HE Impossible '\
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Low-temperature reservoir
at T, =300K
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\The Carnot heat engine I
Example 6-5
High-temperature reservoir
at Ty, = 652°C
Qy=3500kJ
,// g \ W netout
HE | )
Q
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Low-temperature reservoir
at 7, = 30°C




The quality of energy I 6.11 The Carnot Refrigerator and Heat Pump
mETy 2B E
Warm environment
T K at Ty=300K
3 Tn K fy % 2000 - e
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( EES 800 621 1500 / Reversible \ rreversible | (Tmpossible \
|\ R 00 567 : e [ refrigerator j+— | refrigerator J+— | refrigerator |
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- 350 134 000 T 4 h 4 A4
500 Cool refrigerated space
BET =303K Z 8BS atT;=275K
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\The Carnot refrigerator and heat pump I

Example 6-6 Example 6-7 $24 v

Warm environment L 19, 23, 34, 42, 52, 64, 77, 85, 93, 103, 115, 124, 140, 146
at Ty, =25°C P>

House

Ty=21C
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Cool refrigerated space ® 6-52 Cold outside air ) 6-53
atT,=2°C /0




