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How fOo maximize the conversion
efficiency of an energy vector to
useful energy ¢ (electricity,
kKinetic energy, etc.)




From which of these
two systems is it
possible to
“generate” the
greatest amount of
mechanical work ?
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CONCLUSION:

the capacity to generate work is a
COMBINED property of the thermodynamic
state of the system (P and T) and the
environment |




The maximum amount of work (mechanical energy)
that one can obtain from a system is obtained by
bringing it to equilibrium with the environment
through a reversible transformation...
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The maximum amount of work (mechanical energy)
that one can obtain from a system is obtained by
bringing it to equilibrium with the environment
through a reversible transformation...
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The maximum amount of work (mechanical energy)
that one can obtain from a system is obtained by
bringing it to equilibrium with the environment
through a reversible transformation...

A\

pressao
: . 0]
Nicolas Léonard Sadi Carnot | reversible N W ? 1bar, 25°
em 1824, aos vinte anos de idade / transformation Mmax - Ar @

thermodynamic equilibrium_ 10bar. 25°¢
J with the environment, !

which ever one. CH4 @

- -------------------------- 10bar, 25°c

7z

volume | Vacuum...




DEFINITIONS

“Useful work potential”: is the maximum
amount of mechanical energy that one can s wir ciees
obtain from a system, the difference being

inevitably lost to the environment due to

the implications of the 2" law.

Available energy
Exergetic energy

EXERGY L) Availability

Reversible work
Etc.




Exergy associated with the heat supplied by a thermal source...
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Exergy associated with the heat supplied by a thermal source...
is equal to the work produced by a reversible cycle operating
between the thermal reservoirs and the environment
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Exergy associated with the heat supplied by a thermal source...
is equal to the work produced by a reversible cycle operating
between the thermal reservoirs and the environment
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Exergy associated with the heat supplied by a thermal source...
is equal to the work produced by a reversible cycle operating
between the thermal reservoirs and the environment
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Exergy associated with the heat supplied by a thermal source...
is equal to the work produced by a reversible cycle operating
between the thermal reservoirs and the environment

heat source |phalakalalalalol b by heat source =

N__ exergy
destruction

Exergy destruction
occurs due to the
presence of
irreversibilities

environment




Exergy associated with the heat supplied by a thermal source...
is equal to the work produced by a reversible cycle operating
between the thermal reservoirs and the environment

heat source heat source =

N__ exergy
destruction

environment . Q q



Closed system analysis




Variation of the amount of exergy in a closed system

Expansion of the system with
exportation of mechanical work
until it reaches the equilibrium
with the environment...

environment -




Variation of the amount of exergy in a closed system
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Variation of the amount of exergy in a closed system
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Variation of the amount of exergy in a closed system
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W= WUTiI + Wenv
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Variation of the amount of exergy in a closed system
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Variation of the amount of exergy in a closed system
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Variation of the amount of exergy in a closed system
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Variation of the amount of exergy in a closed system
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Variation of the amount of exergy in a closed system
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Variation of the amount of exergy in a closed system
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Variation of the amount of exergy in a closed system
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Variation of the amount of exergy in a closed system
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Available energy
Exergetic energy

DEFINITIONS Reversile work

Etc.

Exergy...

J. Willard Gibbs

def
X=(U-Up) +P,(V-Vp) - To(S-5Sy)



Available energy
Exergetic energy

DEFINITIONS Reversile work

Etc.

Exergy...

J. Willard Gibbs

def

X :(U—UO)+W(V—VO)—TO(S—SO)

\ 4

accounts the influence of the environment

v

properties of the system
when in equilibrium with

the envirnoment
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DEFINITIONS Reversile work
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Chemical exergy is the maximum amount of
work when its constituents are chemically
transformed to those of the environment
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3,76 N,+0, CO,+H,0+N,

Chemical exergy is the maximum amount of
work when its constituents are chemically
transformed to those of the environment
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The potential to generate work
(organized energy) exists when
there are differences between the
system and the environment.
Those differences may be in terms \
of thermodynamic properties,

chemical composition...
< /



Potential to generate work from differences in chemical composition
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Potential to generate work from differences in chemical composition
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Potential to generate work from differences in chemical composition
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But if exergy can only be destroyed,
this means the total exergy of the
universe is decreasing and that all

differences tend to equalize,
pressures and temperatures become
the same, differences in chemical \
composition disappear...

/
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Open system analysis




Flow exergy and exergy flux of an open system
ey | o > S | ™
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Flow exergy and exergy flux of an open system
oy
\

F x Ax = trabalho :

F x Ax =trabalho
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second law efficiency
rational efficiency

DEFINITIONS "

Exergetic efficiency is the ratio of the 1t
law efficiency of a thermal cycle to the
efficiency of a reversible cycle operating
between the same temperatures

J. Willard Gibbs




second law efficiency
rational efficiency

DEFINITIONS "

Exergetic efficiency is the ratio of the 1t
law efficiency of a thermal cycle to the
efficiency of a reversible cycle operating
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J. Willard Gibbs
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second law efficiency
rational efficiency

DEFINITIONS "

Exergetic efficiency is the ratio of the 1t
law efficiency of a thermal cycle to the
efficiency of a reversible cycle operating
between the same temperatures

J. Willard Gibbs

def
T]za|ei — Tlterm /nrev

T]rev,B =1- Tf /Tq,B

Tq’A L 600 K

= . =0,3/(1-300/1000)

nzalei — 0143




Nterm = 0,30
“ﬁzalei = 0143

Nterm = 0,30
My = 0,60

Machine A converts 60%
of its work potential to
useful work

Machine B converts 43%
of its work potential to
useful work

~ Wiy :> _recovered exergy 1 destroyed exergy
Naalei Wrev Noslei SUppIied exergy supp"ed exergy



Exergy transfer mechanisms

e Heat, work and mass flow

XZ(U-U,)+P,(V-V,)=T,(S-S,)+EP +EC +EQ
\ ]\

J | J

| | |
thermodynamic mechanical chemical
exergy exergy exergy

Exergy is a themodynamic
property, I.e. a state property



Exergy transfer through heat...




Q: transferénciade calor
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Exergy transfer through work...




potential to generate useful work= exergy
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potentidl to generate useful work= exergy
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Exergy transfer through
mass flow...




Mass contains exergy, energy, entropy, etc.

entering exiting
mass flow | mass flow
work

absorbed
heat

X=(h-h,)-T,(s—s,)+ep-+ec+eq




Mass contains exergy, energy, entropy, etc.

X, =m, - X —> X, =m, - X,

‘ Xwork

heat

X=(h-h,)-T,(s—s,)+ep-+ec+eq




Mass contains exergy, energy, entropy, etc.

X, =M, - X, X, =m, - X,
‘ Xwork
Xheo’r
Xheo’r B Xwork + Xe,mflow B Xs,mﬂow B Xdes’rroyed — dch /dT




Mass contains exergy, energy, entropy, etc.

X, =m, - X —> X, =m, - X,

‘ Xwork

heat

j+ Zmexe - stxs - Xdest = %

T )y (v o dVic
ZKI_?ij (W "o Gt




Exergetic analysis: combined cycle thermal power plant

ar

CpoOc ]

compressor

c. combustdo

turbina
agas

combustion gases

turbina
a vapor

gerador

condensador

4

cogeneration

5,

; P43l
distribution

grid



I Tutorial - Anélise Exer... #) X = 4 = X

€ & https//www.youtube.com/watch?v=TsIN7kNgx_s c ¥ Search w B8 4 @
~
(1 Tube i wos ) @

Autoplay @ @D

Gases de combustdo (ar): temperatura T3 Técnicas de Otimizag&o para
. Projetos de Engenharia
;? : ;gjg;gés Paulo Seleghim
i | 128 view
P1 =1 bar 3 8 views
P2=1bar i """/J=
Fluido de trabalho (agua): o |
m = 2.08 kg/s | - NEW YORK Metropolitan
13=38.9°C tbar . Chillout Lounge
P3=2.75bar dol/ Thessgiatro G 3t\orlljl'hes.:a onikis
P4 =2.75bar 204.85°C . Recommended for you
P5=0.07 bar
x4 =0.93 kg/kg Ts 5
Caldeira regenerativa: Centrais Termelétricas a
= ’ Biomassa e Biogas 1/2
U =2.5kW/M?*/K @ ___D e Paulo Seleghim
A=40m? Ty \"i_\ / 255 views
38.9°C .

T2 Analise Técnico-
Econdmica de Centrais de

Paulo Seleghim

entropia {ar)

entropia (dgua) ‘-; | LT 108 views
J—
7 &
N . ) T3 Centrais Térmicas a Gds e
/ Pa J' ] o Analytics Video Manager @_} il a Biomassa 3/3
Ly l £ Paulo Seleghim
&l E ' 114 views
Tutorial - Analise Exergética Caldeira Regenerativa + Turbina el
| <M Paulo Seleghim ——— T3 Converséo de Energia
. {3} channel settings ) u ' 5 & Térmica 2,1'3
71 views G- - wme e Paulo Seleghim
i == 100 views

+ Add to A Share sse More I‘ ,I ==

% POR 12:05
29/09/2016

F https://youtu.be/TsSIN7kNgx_s



Next classes: “"Sun Powered CCS Industrial Plants”

How much exergy is necessary to reconstitute earth’s
atmosphere to its original constitution...
Exergetic analysis of separation processes...



