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The 2nd Law of Thermodynamics
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Energy source
(such as a furnace)

—-—

Oin // System boundary

> Boiler
Y
/
A
Condenser <
Energy sink
(such as the atmosphere)
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Desired Result

T = Required Input
Wnet,out

Min = Q

Wnet,out _Wout Wn

Qin a Qnet
Qnet,in -W net,out AU
Wnet,out :Qnet,in :Qin _Qout

W het ,out Qm Qout — 1 Qout
Qin an an

Thn =

High-temperature reservoir
at TH

Low-temperature reservoir
at TL

WWW.AEGHBALI.BLOG.IR
EGHBALI.D@GMAIL.COM

olub Jaad — Sysliysge)




77112 oy

9 WS (o0 I S SO0 & Canl (Soliudgey e S %
13,10 3929 & jgu0 95 1 puansaw (] *
A ol o (sl oo fuxo 1 Jloxy @
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CONDENSER [¢———

800 kPalC 800 kPal
30°C 60°C

7 EXPANSION [ W, in
VALVE COMPRESSOR —

120 kPal_ 120 kPaC
75C 20°C
> EVAPORATOR
‘ <

Refrigerated space
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Desired Result
Required Input

COP =
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cop, =

net, in
(QL _QH) - (O_\Nln) - AUcycle =0
VVin :Wnet,in — QH _QL

cop, =2
QH o QL
COPHP — QH — QH
Wnet, in QH - QL

COP,, = COP, +1

Warm environment
at TH 2 TL

Required
On input
\ , W, net, in
i

Cold refrigerated
space at 77
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High-temperature reservoir High-temperature reservoir
at TH f}_/‘\\ﬁ\' at TH j!w'«s_‘\‘.
On Ont 0Oy L
HEAA Wnet /
M= 100%) — o A" ERATOR ERATOR
L L
| | | |
Low-temperature reservoir Low-temperature reservoir
at TL at TL
(a) A refrigerator which is powered[ (b) The equivalent refrigerator

by a 100% efficient heat engine
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Warm environment

Oy, = 5kJ Thermal energy reservoir
H= -

\ =0 0, = 100 kW
. 'net,in
| / W et o= 100 KW

HEAT
0, = 5KI ENGINE

Cold refrigerated space
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T < 100% Thermal energy reservoir

O, =100 kW
I'/f/net, out: 100 kW
HEAT | o
ENGINE
QL =0
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Warm environment

COP < ‘ ‘Q,,SKJ

QL = 5kJ

Cold refrigerated space

WWW.AEGHBALLBLOG.IR sz v n : -
9  EGHBALLD@GMAIL.COM @b (J10d - Srelizsge)s



L 20015 )3 (G 3y CLiliSpy

45 ol (Soibiwl as b Jobad ands (gasul 910y Sl p sl 9 4
By (o0 Do (ol bl i cod

:‘Sléb ).:du Mf)) MT)S

(s oy Sy aol )

Syl 8 s iy ClS a5 el 8 i ol ClS sl S
3l ke il ClS g Yo W il ClS (Aol

SKluo! o

35 ol5T bluwd! ®

Squze los S j1 il @l Uil @

Sglao colo go LM ®

Silowy ol 51 B

5 S ol ylawe 4o il @

ol Al Caurdg il Sl yxil 4igS B

ot

WWW.AEGHBALLBLOG.IR - . : -
10 FGHBALLD@GMAIL.COM @disily (Ji0d — Saolissne)l



iy S JSm

D9l (0 o2 (Seoludge 5 990 (P (5l p AT Ao (1ol *
Sg o0 T ybae S 30 (6 iy Sl potio o slp *
RUISW] K Wiy S W) J.ubbo.i MT)S 99 g Lod 2 MTJS 90 3l #*

WWW.AEGHBALLBLOG.IR - . : -
1 FGHBALLD@GMAIL.COM @disily (Ji0d — Saolissne)l



High-temperature reservoir
at TH

Uy Oy

IJ'revemlh Revemlh]

HE {or RV

O ivev < OF v

{ assumed) Or v

Low-temperature reservoir
at TL

(@) A reversible and an irreversible heat
engine operating between the same two
reservoirs (the reversible heat engine i1s
then reversed to run as a refrigerator)

e

| P——
Combined Hrev v

HE + R

"

";'Lra\f - QL,i.fra#

Low-temperature reservolr
at TL

() The equivalent combined system
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Thermal energy reservoir ! gLﬂW\&i S s )Lf OL&&&‘ w‘l{
at 7'
| o1 O
(®) h =
1 Ql }h_ QH
@ . T = (T Ty) =1 £(T,.T,)
A
Q 909,
————?2—-:5 e e QG QQ
Oy c sible

f (Tl’T3) = f (Tl’TZ) f (Tz’Ts)

E
Revl.gHE Wy o f (Tl,Tg) _ H(TZ) (9(T3) _ H(Tg)
O3 o(Ty) 6(T,) o(T,)

T
& , f(T,T,)==2
nr T, T
Thermal energy reservoir h, rev = 1- T_L
at 73 H
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< Ny o lITEversible heat engine
% = _-II_-—L M,3= M .. Teversible heat engine
o > 1, ., 1Impossible heat engine
CoP, = -t - T 1
H L QiH 1 Ty —T, H 1
Q. T
Qu Tu
COPHP — QH — QL — TH — TL
QH _QL QiH_l Ty —T, TiH_l
Q. T

< COP, ., 1rreversible refrigerator
COP,3=COP, . reversible refrigerator
> COP, ,

ey

impossible refrigerator
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