The same quantaties of energy at different state points are not equally useful.
Maximum ability todo work = thermodynamic property EXERGY
W.__. = reversible cycle, Carnot
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Q lost by convection from the casing of a turbine with an 850 K inlet and T, (ambient) = 300 K

W =Q 1—@ =.333Q
450 l 850 K
300
W, =0Q|1-—— |=.647
s = 850 Q
loss in ability todo work = loss in Exergy N
loss of Exergy =W, —W_,, =.314Q
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(€50 — €400 ) — Wacrua = 108S Of Exergy
need Exergy as a function of properties

for O losses, ideal cycle

Wiax = €asox :QH(QH _on

850K Qy

Egsok = QH _Qo

€gs0k = th - rnho

Egsok = m(hH - ho)
need & for of non -ideal processes

lSSOK

400 K

To=300 K



EXERGY INACLOSED SYSTEM

EXERGY-maximum work available
between a state point and T, p,.

For two closed isolated systems, Q=AE+W =0
W__ =AE, .. +AE

Ssystem surroundirgs

assume KE,PE=0
W__ =AU +AU

system surroundirgs

AUsurroundirgs =U- UO
TdS=dU+pdV
AUsystem = TOAS_ pOAV

W__=U-U,-T,AS+p,AV

Total Exergy of an closed system

E=W_ =U-U,-T,AS+p,AV

Specific Exergy of an closed system

e, =(u-u,)-T,(s—s,)+p,(v-Vv,) Equation8-15
€€ = (ul - UZ)_TO(Sl _52)"' pO(Vl _Vo)

System
T,p,v,u

Surroundings

TO’ pO,VO

Isolated systems, Q=0

Dead State
TO ! pO,VO

T,pv

Vs



EXERGY IN FLOW

An open system has the potential to do work

equal to the work done displacing the fluid into P

the system. 0 0

VVflow — jpdv — pabsolute(vinitial -V nal) 0 \/initial
However some of this work was L~

done in displacing the fluid fromp =0to p,.
The maximum work , the exergy of the

flow, Is then,
E =W 0 0

X flow_Wp0—>p
Ex = mXp(V—V/mA‘-mXpo(V—V nal)

e, =pV—PpoV=V(p-p,)



EXERGY IN AN OPEN SYSTEM
e

=€ +ex flow

x flow = “~x nonflow

€, foy = PV —P,V Equation 8- 20 T
&, = [(U—Ug)—To(5=50)+Po (v = Vo )]+ [V(p o )]

e, =|(U—Uq) =Ty (55 )+Pgv —PyVs, va vp, ]

e, =[((u+Pv)~(uy + povo)~To (55, )]

FLOW EXERGY

e, =(h—h,)-T,(s-s,) Equation 8- 22 TO

Avallablllty Function, A=H-TS
w, . =0e =e —e,

max

W nax = (hl_hZ)_ TO(Sl _SZ)

Wm =W, —10SSes = Ae,
actual (h h )
ex destroyed = W Wactual
(unavailable)
€ destroyed = (hl_hZ)_ T (51 _52)_ (hl_hz)
Y!
(unavailable)
€x destroyed TO (Sl _SZ)
(unavailable)

EXERGY TRANSFER BY HEAT
€ heat = _[ (1—%) dQ Equation 8-25




EXERGY IN AN OPEN SYSTEM

€, exergetic efficiency,= Exergy US?d
Exergy Provided
€ urbine = Wactual — (hl_hZ) — (hl_hZ)
turbine
Wmax €€ (hl_Tosl)_ (h2 o TOSZ)
€ — (hl_hZ)

o (hl_hZ )_ To (31 _Sz)
W _ €1~ Cp _ (hl_hZ)_TO(Sl _32)

8compressor = -
Wactual (hl_hZ) (hl_hZ)
_ AEcold _ M g (ecold 1~ Ceoid 2)
Qigﬁlanger AE hot Mot (e hot1 ~ Ehot 2)

_ AEcold _ mcold (eout B ecoldin)

Smixing -
AE hot m hot (eout o ehotin )

Equation 8.53
Equation 8.54
Equation 8.55

Equation 8.56



Saturated water at 400 psi enters an insulated turbine operating at steady state. A two
phase liquid — vapor mixture leaves the turbine at 1 psi and a quality of .81. Determine
a) the power developed and the rate of exergy destruction , b) the isentropic turbine
efficiency and c) the turbine exergetic efficiency. To=70 F



Performance of the exapnsion process, Independent of T,

W, _h-h, 1205.-808.64

w ~h,—-h, 1205.-778.14

isentropic

e, =(h,—hy)-T,(s,—s,)=(1205.—h,)-T,(1.4852—s,)
~h,)-T,(s,-s,)=(908.64—h,)-T,(1.6270—s,)

€o = hz

W imax = Aex =€ —€p = (hl - hz)_To(Sl —SZ)
W ctual = (hl - hz)

Winax = Aex =W actual _To (Sl _Sz)

€, ox = —To(S;—S,)=520x(1.4852-1.6270)
e =73.74 Btu/lb

T

=92.9%

T, = 60°F 1 psia
p, =latm

X lost

Exergetic Turbine Efficicney
use of energy availableabove, T,, p,

_ W actual — (hl B h2)

e Aex (hl - hz)_ To (51 - Sz)
(1205.—908.64)

€

€ . =
wiie = (1905, —908.64) - 520(1.4852—1.6270)
29636

Sturbine - =
296.37+73.74
For T, =30F

80%

B (1205.—908.64)

€ L=
WP (1205.-908.64) - 550(1.4852-1.6270)

€ turbine = M =179.16%
296.36+78

h, =h,@ 400 psia =1205. Btu/lb
S;;s =S, =$S,@ 400 psia =1.4852 Btu/Ib°R
s,—S; 1.4852-.13262
S sy 1.9776 |

h,, =69.72+.684x1035.7 = 778.14 Btu/lb
h, =69.72+.81x1035.7 = 908.64 Btu/lb

S, =.13262+.81x1.84495 =1.6270 Btuilb°R

684




A power plant boiler converts 1.4 million Ib/hr saturated liquid water to superheated
steam at 1250 psi and 1400 F. Combustion gasses enter the boiler at a rate of 11.3
million Ib/hr and 2300 F. Assume the combustion gasses can be modeled as air as an
ideal gas. Determine a) the exit temperature of the combustion gasses, b) the rate of

exergy destruction in the heat transfer process and c) the exergetic efficiency of the
process.



T 2 h, =h,@1000 psia = 542.57 Btu/lb

4 S, =S,@ 1000 psia =.74341Btu/Ib°R
3 steam 1.4 m Ib/hr h, =h@(T =1400 F,100 Opsia)
saturated 1200 psia h, =1736.7 Btu/lb
1200 psia 1 T 1400 F s, =s@(T =1400 F,1000 psia)
Zir 2300 F T 1 s, =1.7911BTU/Ib
T | 12.3mlb/hr 2/ T, = 2300+ 460 = 2760°R
4 by interpolation @ T,, Table A-17E
/\ 4| 4 ) h,= 719.28 Btu/lb
/ / s? =1.022963 Btu/Ib°R
3 TO by interpolation @ h,, Table A-17E
T, =2238.15°R
s, =.96363 Btu/lb°R
2 Ques = Queam = Mo s — o) S c) exergetic efficiency

=1.4x10° x(1736.7-542.57)
Qqes =1671.78x10° Btu/hr

£ _ AEcold _ msteam(ex4 _eX3)
heat - -
eighanger AE hot mg(,715 (exl —€, )

6
h,=h, - Q _ 719_28_161711'37850](;0 —571.35 Btu/lb e = Mieam [(h4 - h3)—T0(s4 _33)]
Meas 9% exchanger mgas [(hl - hZ )_ TO (Sl =S, )]
b) Ex destroyed — _mgasTo (Sl _SZ)_ msteamTo (S3 _34) 6
E, oy = 11.3%10° x530 (1.022963—.96363) 1.4x10° x[(1736.7—-542.57)-530%(.73431-1.7911)

€ =
ovehanger  11.3x10° x[(719.28—577.1) - 530 x (1.022963-.96363)
€. =70.94%

exchanger

~1.4x10°x530%(.73431-1.7911)
E =-355.35x10° +784.14x10°

x destroyed
E

= 428.79x10° Btu/hr ¥

x destroyed



Exergyat a Closed Systemstate point
e, =(u-uy)-Ty(s—s,)+p,(v-Vv,) Equation 8-15

Exergyat an Open Systemstate point

e, =(h—h,)-T,(s-s,) Equation8-22
Exergy Destroyed

S destroyed — TO (SZ _Sl)

Exergy Used
Exergy Provided

_ Wactual _ (hl_hz) _ (hl_hZ)

g,exergetic efficiency,=

EQUATION

SUMMARY

(h,=h,) Equation8-53

€ =
max  ©x1 T Ex (hl_TOSI)_ (h 2 Tosz )
€ Wmax _ €1—C0 _ (hl_hz )_ TO (Sl _SZ)
compressor W - (h B h ) - (h B h )
actual 1 2 1 2

_ AEcold _ rncold (ecold 1 _ecoldz)

Eheat - AE
exchanger hot mhot (ehotl _ehotz)
_ AEcold _ rncold (eout _ecoldin)

Emixing -
AEhot mhot (eout o ehotin)

turbine — -
W

(hl_hZ )"‘ To (Sl =S, )
Equation8-54

Equation8-55

Equation8-56
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