





















































































tfdA

Any real process
Irreversible

Too approaches are used for analysis of

such processes qeah

concept of entropy Entropygeneration

Lost work cannot be recovered

concept of availability Exergy
and

unavailability Anergy Exergydestruction

Energy lalork and Heat

u

Highgrade energy
lo gradeenergy

Highgradeenergy Comp conversion

from one form to another eg Work Electricity

waterpower Tidal power

low grade energy Parted conversion

eg Heat Heat from combustion














































































































We have looked into efficiencies

If IT

act Acl efficiencies
Wnet

Carnot efficiencies for a reversible

poem 1 f
Efficiencies of many

confident such as

turbines compressor condenser
etc they are

Will lookinto more meaningful analysis is

an

Esyfatbility
Exergy is a property that enables

us to

determine the useful work potential of
a

giramount of engyat sestate

This state is referred as dead state

P 1.01325
bar 1 250 1 46

Exergy European term
Properties this

dead state
Availability MIT term

surroundings














































































































urn Po 42 4

useful L Eff fÉIi
Availabity Sfstem surrounding

Reversble

Availability is the amount of useful work that

could be get out of a set
specified state by placing

a reversible

hatenginebetween given state point
and

the dead state

It allows us to examine a process Con

ae and

itimprovement
Examplef 1 If 1 25 0 8013

ff saw Harer need that II
Wma 0.8013 41.75

33,11

to
Eren they














































































































Acblergy refer recycle
Heat supplied Available Energy UnavailableEhegp

Q la Oz
Q A E U E

a
con IE O

fatKnoxuseful

With the decrease in Tate To surroundings
Dead state temp

I becomes

Ira I E Era he
or Imax Trev

Hm H E Q

If So is the heatsupplied T

then 84mg l E SQ I FLIT
Skim 80 5 SO

so














































































































For the process from 1 to 2 integrating
8 AS

way 80 80

Ife
But VE Q

2 Wmax

Q Q To 52 9

UE To 52 51 Sf find Entropypoint
Si Initial 11

am

So the unavailable energy
is at the lowest

possible temperature
with change in entropy

FI A.E Wmg 2

To
o SUE














































































































Ealable Energydnet finittemedittered
Q T 45 7 as 0 4 45 IFIO 7245 7045 T

HE y
For the same Q as as

compare 0420 we conclude Iggfor Q Q T as To 45

Actualcycle
Enotcyclet1 Intend 10 2

I
10 2

I
Ina Int n I

HE Lac 02bit
of Isothermal s g ftp tTo

Mffsi St si St

4S Sf Si
la Q 02 7,45 7045

as SI Si
w Q QI T as To45

As Lal'slad because 021702














































































































So loss of available energy due 6
irreversible

tram through finite temperature
difference between the source and the

working fluid during the
heat addition

proeers is given by
ke ke oh CQ Qd

Qi 0 9 9

Q Q2 Increase in UE

w w ToCast As Decrease in A E

Thus the decrease in A E is the product of

the lowest feasible temperature of
heat

rejection
and the entropy charge in the

system
So greater the temperature

difference
more the heat rejection

QI and an inn
unavailable part

ergy














































































































I ff.tt
non f oose Exergy

mass will remain same

mettudou.tlfluid
Water Po 4 4 GLEE

pi T U

engine
P2 T2 42

YOETo S so

D To Sso

Piston cylinder arrangement Heat balance

teat sup TeengFeat rejected bythefluid
so Q o 4 lafluid

ve heat is rejected

by the piston
cylinderarrangementCalfluid U Vo Q

I.la emd

Adding we get

ftp.dffengue
e To S so

01 00 To S So














































































































The net work done by the fluid on the piston is

less than the total work done by the fluid
Work done on atmosphere Po Vo 4

Hence maximum work available is El

I c t.fi e t e

U1 Uo ToS ToSo poVotpoV
Pratap

U Pov Tos Vo Pok Toso

Wma FLOR 0T
II is called nonfloavailability

function
Ihre exist state point with surroundings then

8 11 4 6 10
Between system I System 2

02 POV Tos 4 Pov Tos

If system 2 is higher energy
level

4 42 Pov Tos two so U Pov Tos

notPoyos I

fiorin



































Availability a

gdyffsystem
control volume

mass
mass

Inlet exit

Energy Energy

thaxEnergy

AKE 0

APE O

0
41 Yo

10

Teakettle.info Tystem














































































































t isiEreniaem
per unit man is g

14 Q 40 4 Ilo 0 11 44

Tds no 4 I law ds in
T So 5 40 41 ds changein Entropy

4.0 4 1 4010
The term U TS is called as Helmholtzfunction

This gives
the maximum possibleoutputohen

the heat is Franta
temperature and

is the case with large

heat source

Fok against atmosphere po
vo ve

then the maximum work available The
pressure

U TS ko Ts Po vonii.is
Iso

g hIs is known as GibbsfunctionCory














































































































Fee energy functions

The maximum possible available
work when

system charges from
Ito 2 is given by

Hm c go 84 GD Sc Gz

For a steady flow system
Like y

Wmap g HEE KED KE PED

Note when state 1 proceeds to deed stale Gas

then 0 4 g
Irreversibility
The actual work which

a system doer
is

always less
than the idealized

reversible work

and the difference between the two
is called

the
i of the process

I Klug Cal Degradation
Condimipation

time

For a non flo procen
I

E
P lad

fz.tw 3 i per unit
man

3

LED
my

W
pv insignificant
ff.tw work














































































































i To 52 5 Q
Q To4Eur

i To Asay ToAssum

i ToCasa Asum 42
interact

i 0 Tstem Ending Univ Sys Surroundings

t ants

if E 84 1,4 1

sÉ g d

i To S sx ̅
i To 49 To 4Eur

i To YIELD
i 0

Expression is same for both
Nonflow
steadyflow
ControlVolume

E book
i Exergy in Exergy out 0

27Exergy in Exergy out Exergydestroyed

Closed system Control volume opensystem














































































































EE Ence freed syste
10

fc2

am

1 Ez EE 9 2
4 2

I law Ez E Q W 4 2

I low g s Sgen

Multiply by To on both sides

To 52 51 To 8 ToSgen
subtract from

E E To Sa s To 5 80 14 To Sgen

EEE If 0 Toffs 14 ToSgen
I 2

Ez E To Sa s i 80 14.2 ToSgen 0

If theava.la gy
I 2

As A E E Poly V II from

Az A Po v2 V ToSgen














































































































As A SQ flat poly Y ToSagen

T T T T

Change.ir Exergytransfer Exergytranafer Exergy lost

Availability with heat with work destroyed
7

Exergy
From equation we can write a generalize eggalion

If f I Qj
fine podd I

Rate of Rate of Energy
Rate ofExergy Rateof
with work exergy

changeof with heat destroyed
transfer transfer

ftp.ereraibiExergy

Special case

An Isolated system
DA I con dAz I

Commenting
I o obeys It too

2J I o a

zy I o It violates It too Impossible














































































































Erates

my
me

T.AE

145 H m.IE mgt mVI mgEating C

To Dead state
I law 52 51

8 Sgen absoluteTemperature

Multiply by To on bothsides

To 6251 To ToSgen

Add for furthersimplification

H MVItmgz.to To 52 5 To 8 Hztmbftmgathf.to
Sgen

To 5251 T.IS Q H2 H m V2YI mg 2 2 Tosgen.tw

To 2 51 f so He H MCVEY mg 2 E lay Tofgan

Rearranging the terms

He H To 5 5 m VII mg E keto Sgen














































































































where A A H2 H1 To Sa s m II mg 22 21

In the form of rate equation
at steady state flow

l Qj lift in af af Tosgan

x x x x

Es 2 I Effigies
2

From the absolute temp scale

2 Irer 1 Carnotefficiency

f g
and out t.net p














































































































Sedlar fancy Energetic

1 11,71
A ratio of the thermal efficiency of an

_mtt ofa reversible

heat engine

t
Egle Heat engine
Wmap Wren Wuseful Available energy

Iight
actor

I

raise.cm

Thermodynamiccycles
Ottocycle
Dieselcycle

the 229nF Dual combustioncycle

Braytoncycle














































































































fins Ifi
24 301 he 2015

2 t by
250 Range70

4 501
for402 4016

It E

21 88 0.6 21 81 0.43

Engine A'is converting Got
of the available

work potential to useful
work

Engine
is converting only 43 of the

available work potential to useful
work

Refrigerators and
Heat pumps

end

21 41














































































































Nia
Wa

t hey

for
t.IE

i

2 21 55

c Prove 7 copra

6.5

2 22701
9

c Pat ETA
975 f
9 5 E

6














































































































Numerical on Exergy analysis

kburr poly Yo
TaePo

be Q ToCsi So

Availability in non floe system

Wuseful Pov ToSD Cao Povo Toso

AE c o

Wueff
14 1 4 Tosi CustPok

Tosa D

Availability in steady floursystem

blusefflo
Ch Tosi ChoToso

A

Hauff
Che Toed Cha Toed

EOD

Irreversibility iffa UD ToCs Kui uz 10

Honey Wact

Klug Ch ud Tok E

Tocses Cy up
Both are sane

e To aptAsgard










































































































Nels xergyanalysis

Sd Gives Pilbar T Book p2 6.8bar I 570k I 295k

R 0.287 KkgKt Cp 1.005151kg ki CE 0.716Kkg k M 1kg
To find ie I ii Wmax iii Wactual

For a closed system
Hx 114 a

4 4 Cv Tz T U f T

0.716 370 30

42 4 50.12 KJkg V

s s apin F RIn
I law 14.2 9544

1.005 In 378 0.287 1 65
4 My4

0.339 K
g K

may 50.12 103 293 0.339 103

Wmap 149.45 K g
Compressive work

As the index of compression
is n

PV Pavi C PV paste

E L

n 1.123












































































 

























Actual work in a polytopicprocess

Wat Paste mr waffffed
Want 163.33 KJkg

i Inner Wma Wat 149.45 165.53

13.8 Kg Compressive

Sd p Gookpa 7 150 273 42 15 ps 150kpa 1 50 275 32312

To Book Po lookpa Cv 0.72KJhgk p Cp 1.005Kkge
no 2 16,1

7 105 Kage

4 4 Cr T T Cv ft I paniion

0.72 423 323

4 uz 72K54g 2 l
ICpIn RIn v v

1.05 In 45 0.287 In 8
9 0.126 1518 K

Wmax 72 300 0 126

109.8 KJkg Expansion

PV MRT V.my o.si
ig.p2VzMRI V2 MET 40.42532 0.618 m kg

poVo MRI 4 1 0 t 9.861 m kg














































































































Availability I Initial state
U Pov To s notPovoToso

140 Po 4 4 To SI
4 40 Cr T To 0.72 423 30 88.56 Kay
Si so Cpln R In f 1.005 In 1 0 0.287 9 7 0

p
88.56 100 0.202 0.861 300 0.169

73.36 Kkg
Availability 2 final state

POV To 5 notPovo Toso

42 4 Pov2Vo To 5250

Cr E To PoV2Vo To CpIn f Rin 1 5
0.72 323 300 10 0.618 0.861 30 05 In6332

0.287 In F4.86 Kkg
Availabity between I 2

1 4 9 0 8
73.76 4.86

02 68.5Why






























































































SI T2 50k T look 0 7200Khun To 3 ok

To find i as ii Decrease in AE

a Entropy source duet heattransfer

7g 7.2 kJ mn K

Entropy sink due to heattransfer

If 14.4Khin k I
To

45nA 7 2414.4 7 2Kronk
Kasuga th

b Available Energy source
KL stem

4CTTo 7 100 30

5040 Khin
AvailableEnergy sink

FIT To 758 50 308

2880 Kann
Change in available energy 5040 2880 216042g

Gf There is a decrease in available energy

of 2160 Khin due to
heat transfer


































































































SofGren's in 25 Kohne256 0.42186 P 1bar T 15 275 288K

P2 2bar 72 94 273 367K To 21 278 2946 6 0 4KE ΔPE

To find Wact Wain Work absorbing m c

From the SFEE from the Ilow Neglecting AKE HPE

mi h.tv gfD inlhatEftfdwactWactni hrh h CpT
h f T

Cp T T2
0.42 1.005 288 367

Waf 33.34 KW Compression

Exergy analysis
In Fha To s 5 Neglecting AKEAGRE

in Cp TI ToCpIn RIn

0.421.05 288 367 2941005In37 0.2871m

4mm 27.82 Kw Compression






































































































S1 GE V 200m PF1Mpa T Book
Po lookpa To 30k

To find Knin Availability
The temperatureTo T so it is a C

constant temperature process the

change in internal energy is zero

II PN MRT
m

so

iq
Yo 2000m

9 00
kemn.EC po 4 Vo To s so

n Po U Vo To CpXI RIn
in POLY 4 Torin

2323 10 200 2000 300 0.287 In 1
1

5

Want 4.184108k compression






































































































Sd Ex m 15kg T sook I 340k To Jook
To find it Unavailable energy Cv 4.187 KJ g K

Available energy
2 0

AE in 42 4 To 52 9 Volume

CT To ToLcrIn E RFID
content

process

in Cu I T ToCrln

15 4.187 340 300 300 4.187 In 32

AE 154.2K

Heat added due to churning process

Malta T

15 4.187 340 300

2512 215

Loss in availability WorkHeat
added

Unavailable Energy dueto churning
02 8

2512.2 154.2

UE 2358 KJ Unavailability
































































































Sd m 2kg PVEC p 5 kpa p2 lookpa TF 550k T2 320k

Vz 2V Cv 0.718KHz k R 0.287 Klig k Po lookpa To lookpa
To find if Wma if iii I

if Maximum work is given by
Wmax M U 42 To S 52

m OCT 7 To CuIn E Rin

2 0.718 350 300 30 0.718 In 358 0.287 n

max
123.78 KJ

i change in availability
m Urus To 5 5 Po Viva

i.EE
c en

nPiVMRT

02 83.67 KJ
V1Mff

iii Irreversibility Wma actual 2
02

7735

Hat P s 5 0,427
8 84 0 402m

Intact 301 5 KJ

I 123.78 301.5

I 177.72kt



















































Sd 7 150 K 01 600KJs T2 300k la 40kW

To find RI T.IE
W2revCannot 1 If 1 8s 0.8

25 48 0.667

2nd 21 0.83

Sol C0Pa 1.0 7 212 294K 72 104 283K If
C Prov 128s 2672 HP

HE
III 2 2

0.037 3.71

Comment As the efficiency of the heater
is very less it

is preferred


