Boundary of the
j_— isolated system
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Air and combustion
products at
temperature T; + dT
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=
——> Energy quantity constant

———— Potential for use decreases
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Cap. 7: Analise Exergetica

« Exergia é a propriedade que quantifica o
potencial de uso. Em um processo, ao contrario
da Energia, a Exergia nao € conservada e sim
destruida por meio de irreversibilidades.

»Existe um potencial para o desenvolvimento de trabalho
sempre gue dois sistemas em diferentes estados sao postos em
contato;

»Pode-se desenvolver trabalho quando se permite que dois
sistemas atinjam o equilibrio.



Atmosphere at T, p,




Cap. 7: Analise Exergeética

* AMBIENTE e ESTADO MORTO

« Ambiente: Sistema compressivel simples que & grande em
extensao e uniforme em Temperatura, T, e presséo, p,.

Normalmente o ambiente esta T, = 25°C, p, =1 atm

« Se 0 sistema estda na mesma condicao que o ambiente
(T, =25°C, p,=1 atm) ele estd no ESTADO MORTO.




Definicao de Exergia

 Exergia (E) € o maximo trabalho tedrico
possivel de ser obtido a partir de um sistema
global, composto por um sistema e o0
ambiente, conforme este entra em equilibrio
com o ambiente (atinge o estado morto).

E:(U_Uo)‘l' po(V_Vo)'To(S_So)‘l'EC_I'EP[]]

€= (u_uo)_l' po(v_vo)'TO(S_SO)+V2/2+gZ[]/kg]




N
~

~
Boundary of the overall
system. Total volume is
constant. Q. =0.

~

T e e e e o - -

Heat and work
interactions with
the environment

—
—
T ey e

D’P\




Cap. 7: Analise Exergetica

1. Exergia € a medida do desvio do estado de um sistema
guando comparado com o ambiente.

« 2. O valor da Exergia nao pode ser negativo. O sistema
deverad mudar sua condicdo espontaneamente na direcao
do estado morto.

« 3. A Exergia nao é conservada mas pode ser destruida
pelas irreversibilidades.

« 4. A Exergia pode ser vista como o0 maximo trabalho tedrico
de se obter de um sistema.




Variacao da Exergia

El — (Ul o Uo) T po(Vl o Vo) - To(Sl _So) T ECl + EPl
EZ — (UZ o Uo) T po(VZ _ V;)) - TO(SZ _So) T ECZ + EPZ

E; —E,=WU;—-Uy)+ p,(V, —=Vy)-Ty(S, —S1) +(EC, — ECq) + (EP, — EP,)

Exergy increases ‘

E Py

T
| Constant- - Constant-exergy
(_\ - exergy line | contout . Exergy
J. T Tyt : increases
W Toto =N
Ty, po :
P Po p

(a) (b)




Balanco de Exergia em Sistemas Fechado

EZ — El — EC[ — EW — Ed
Transferéncia Transferéncia
de Exergia de Exergia
associado ao associado ao Destruicéo
calor trabalho de Exergia
— — ——

B, — By = [ (1-12) 8Q = [W = po(V, = V)] - Ty

Variacao Transferéncia Destruicéo
de Exergia de Exergia de Exergia



Balanco de Exergia em Sistemas Fechado

B > (0 irreversibilidades presentes no sistema
d Al . . .
= 0 auséncia de irreversibilidades no sistema

(>0

EZ_E1< =0
. <0

AElisol:_Ed|i$0l

e2—el=W2—u)+ p,(W2—v)-T,(s2—s,)+AV’/, + Agz




Ex. 7.2:

Um conjunto cilindro-pistao contém agua inicialmente a 150°C. A
agua e aquecida até o estado de vapor saturado correspondente
eu um processo internamente reversivel a temperatura e pressao
constantes. Para To=20°C, po= 1 bar e ignorando os efeitos de
movimento de gravidade, determine:

A) A variacdo de Exergia e2—el= W2 —-uy)+ po(v2 —vy) - To(s2 —59)
B) A transferéncia de E, —Ey = f] ( - %) 6Q = [W = po(Vz = V1)| - Too

. . T 4.758 bar
Exergia associada ao calor T Q Q
l :

C) A transferéncia de \50“(‘ f /
' i e oL/ B ¢ \IS0°C o
Exergia associada ao trabalho || .. '

-
[
[
I N
H—— System boundary
|
|

. . | a d v
D) A destruicao de exergia e -
A Data from Example 6.1:
I_II W/m = 186.38 kl/kg, O/m =2114.1 kl/kg
State v u s
(m°/kg) (kJkg)  (kl/kgK)
1 1.0905% 1073 631.68 1.8418

2 0.3928 2559.5 6.8379




Balanco de Taxa Exergia em Sistemas
Fechado

dE

-3, (1-5)0 -l

RP:O=ZL.( )Q] Wk,

Fazendo E,; = (1 _ _) T— \\é T

RP: O=Eq,j—W_Ed




Balanco de Taxa Exergia para Volume de
Controle em Regime Permanente

dE T\ . : dV,
EVc =Z(1—f)Qj B [WVC P dzc]
+Y, mep, — X5 Megs- Ey
RP:0 =) ( — TT—?) Qi — Wyc + Xe Me€fe — 25 Mgeps- Ey
2
ef=h—h0—T0(s—SO)+7+gz
(Ve —V5)

epp —ef = (hy —hy) —T,(s; —52) + +9(z; — z;)

2
e



Energy In Energy Out

90 MW (heat transfer) 40 MW (power)
10 MW (at inlet 1) 60 MW (at exit ¢)

100 MW 100 MW

(a)

Exergy In Exergy Out

60 MW (heat transfer) 40 MW (power)
2MW (atinleti) 15 MW (at exit ¢)
62 MW 55 MW

Exergy Destroyed = 62 MW — 55 MW =7 MW
(b)



Eficiéncia Exergética: Eficiéncia da Segunda Lel

S
TR
|
Air [} MW O, MWNA 0,
' M =]
T TS e e e e Tll
L System boundary

Fuel

1eLEl 2 = (05 G- 01) A
exergia: 2 = (1-2)0, - (1-2) 0~ (1 -2) 0, - [I4¢ - po 525]- &,
Qs = Qu+ 1
(1-1) 0. = (1-1) @+ (1-7) @1+ £




-7 ) Qu -
€ = - = -
T\ - U T
1-=2)0Q 1-=
TS TS
140 R
— € — 1(100%) j
as T —T,
€ u Heating in industrial furnaces
0.5

Process steam generation

Space heating

A | | l

300 500K 1000 K 1500 K X
_ 540  900°R 1800°R 2700°R _




Fuel —=

Air —=

Power-generating unit

Steam  Feedwater, m,,

Combustion
gases

Annualized cost, dollars per year

Total cost = Capital Cost + Fuel Cost

Capital cost

|
|(_ Nearly
optimal

Average temperature difference, AT,
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Hot
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1| Hot stream, m,

%

Cold stream, m,

Mixed stream, m

A
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EfP

Combustion Turbine-electric
Boiler — products generator
Fuel [
Eip, cp—> High-pressure .
steam We. Ce
, \NANNN I
Air Zb 1
Efa T Efls Cy
A 2 | Low-pressure steam
Feedwater V

= E), ¢
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Air

Qin

Figd7_E7

Insulation
K =0.05 x 10~ kW/m-K

T2=310K

Surroundings
at 293 K
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T, =300 K
|

Q=-12kW

W, = 58.8 kW
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ATzwe T3

T,
Ty
__________ T;=1020 K
py=lbar 4 T | 3 py=1lbar
= W2
Combustion : : Fuel
L2 LSt s hal]
4 2
g COmbustor
4 T)=610K T7,=860K
| P1= 10 bar  p, =9.7 bar | )
| 4

Alr

-

Compressor

Turbine

614

/310



Combustion products in
ny = 9230.6 Ib/min

1= | atm |
T, = 400°F —17 ——————————————————

ch =49.610 Btu/min
).z—»

l
4

e ——

T, = 260°F : generator :

g = i : ,: SV Water out
"3 /);;26l_t)f_/i;.5—__ ps = 1 1bf/in.?
Water in | 73 = 102°F X5 =93%

5 =275 1b/min

Figd7_E7



m—— Turbine-electric
ombustion enerator
Boiler — products s e g_l
Gaseous fuel [—————— b | I
: = | |
Eqe =100 MW | . | | i
o — 144 CENIS | Zy, = $1080/h ! | | ‘_’I Pl
F= % kW | R — T ,
5 | Efl = 35MW | |
Alr—:—D : Py =50 bar : :
____________ T, =466°C : |
___________ d
A . g
Process steam 2 T5=205°C
Feedwater V 11y = 26.15 kg/s

Fig07_E7
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Power out

p1 = 30 bar
1= 350°C
my = 30 kg/s
P> =5 bar p3=0.15 bar

T, =200°C x3 =90%
my = 25 kg/s

Figd7_P7



Feedwater, 20 bar

Process steam:

Air Preheater

Saturated Vapor,
8 \I] 9? 20 bar, 14 ke/s
7 6
e <l
Combustion
Products

Heat-Recovery
Steam Generator

Air

2N

<l

o

N

Fig07_P7

Air Compressor

Natural Gas

10

Combustion
Chamber

Gas Turbine

V

Net Power
30 MW



Air inlet

Exhaust <3
Ts = 400 K
ps= py=100

5
kPa




Combustion
products

Fuel |

= 617 | 7=
cg = $1.50 per 10° kJ Z, =$91/h Steam e = 1300 kl/ke

m =5.69 x 10% kg/h

Air

Feedwater

Fig07_P7



Cogeneration systemi&
l

I  Fael |
=~ 7 =$1800/

Er =80 MW
cp = 5.85 cents per kW-h A

Combustion products

2 Steam
- Ef2 =15 MW

Power

-~ W, =25MW

) -

3

Combustion Feedwater

air

Figo7_P7



Saturated
o at 120°C
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—— Saturated

/I\ |
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10614

Z PO — 1 atm,
To=25°C,
g =9.8 m/s’
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Insulation

Electrical
resistor
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System boundary

Metal bar: Water:
T..=1900°R T.; =S530°R

¢y = 0.1 Btu/lb- °R — ¢, = 1.0Btu/lb- °R
m=0.81b my, =20 1b

Fig07_P7




Qo= 1 kW

T3 - 400 K

. 7,=600K

T] = 1000 K

hot plate Insulation
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Coolant
h =150 W/m? - K
Tf - 200 C

Ceramic substrate
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Steam at 3 bar :
500°C, 1.58 kg/min !

—

L 8
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l Water vapor
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|

|

|
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|

|

Saturated liquid
7 bar
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Ty=100°F

;=5 1b/s 1

T 1 = 500 F

p, = 20 Ibf/in.?

3 Saturated liquid
p3 = 20 Ibf/in.?

T2 — 2500 F

p, =20 Ibf/in.?

Fig07_P7



my =35 kg/s
p;=095bar 1
Ti=22°C

3 py=0.95bar

Fig07_P7



T'=488°C

|
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|
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Heat exchanger :
|
|
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0.95 bar. 22°C 0:95 bar. 421°€
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0, =135MW  Q,=55MW

T, =295°C I,=375°F
W =80 MW
1 2
my =94 kg/s Saturated liquid
Saturated liquid, p> = 0.08 bar
P1= 80 bar
T3=20°C

Q3=?
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. i Valve »
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Fig07_P7
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p3 =200 Ibf/in.?

- i Mixing ‘.1 -
py = 600 Ibf/in.2 chamber| ., _ 200 Ibffin.2
T, = 700°F T, = 500°F
iy = 25 Ibls

—X s Pp2=200 Ibf/in.2

Valve
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Saturated
vapor at 120°C
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Po=1atm
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