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      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 
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     A power plant boiler converts 1.4 million lb/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 lb/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. 



10

( )
( )

( ) ( )[ ]
( ) ( )[ ]21021gas

34034steam

exchanger
heat

x2x1gas

x3x4steam

hot

cold

exchanger
heat

o
2

o
2

2

oo
1

1

1

o
4

4

4

4

4

o
f3

f3

ssThhm
ssThhmε    

eem
eem

ΔE
ΔEε     

efficiency exergetic c)
RBtu/lb .96363s

R2238.15T

17E-A Table,h @ion interpolatby 
RBtu/lb 1.022963s

Btu/lb 28.719h
17E-A Table ,T @ion interpolatby 

R27604602300T
BTU/lb 1.7911s

psia) F,1000 1400s@(Ts
Btu/lb 1736.7h

0psia) F,100 1400h@(Th
RBtu/lb .74341psia 1000 @ss

Btu/lb 542.57psia 1000 @hh

−−−
−−−

=

−
−

==

=

=

=

=

=+=

=
==

=
==

==

==

( )

( ) ( )
( )

( )

Btu/hr 10428.79E

10784.141035.355E

1.7911.73431530101.4

.963631.0229635301011.3E

ssTmssTmE  b)

Btu/lb 571.35
1011.3

101671.78719.28
m
Qhh

Btu/hr 101671.78Q     
542.571736.7101.4

)h(hmQQ   a)

6
destroyedx  

66
destroyedx  

6

6
destroyedx  

43osteam21ogasdestroyedx  

6

6

gas
12

6
gas

6

34steamsteamgas

×=

×+×−=

−×××−

−×××−=

−−−−=

=
×

×
−=−=

×=

−××=

−==

T

s

3
saturated
1200 psia

4
steam 1.4 m lb/hr
1200 psia
1400 F

1
air  2300 F
11.3 m lb/hr

2

T

3

4

1
2

3

4

s

OT

%94.70ε  
.96363)-(1.022963530-)1.577(719.28[1011.3

1.7911)-(.73431530-)57.542(1736.7[101.4ε    

exchanger
heat

6

6

exchanger
heat

=
×−××

×−××
=



11

( ) ( ) ( )

( ) ( )

( )

( ) ( )
( ) ( )

( )
( ) ( )

( )
( ) ( )

( )

 56-8Equation                                         
)e(em
)e(em

ΔE
ΔEε

55-8Equation                                    
)e(em
)e(em

ΔE
ΔEε

54-8Equation                  
hh

ssThh
hh
ee

W
Wε

53-8Equation       
ssThh

hh   
sThsTh

hh
ee
hh

W
Wε

ProvidedExergy 
dExergy Use,efficiency  exergeticε,

ssTe
DestroyedExergy 

22-8Equation                     ssThhe
point state SystemOpen an at Exergy 

15-8Equation      vvpssTu-ue
point state System Closed aat Exergy 

hotinouthot

coldinoutcold

hot

cold
mixing

2hot 1hot hot

2 cold1  coldcold

hot

cold

exchanger
heat

21

21021

21

x2x1

actual

max
compressor

21021

21

202101

21

x2x1

21

max

actual
turbine

120destroyedx 

000x

00000x

−
−

==

−
−

==

−
−−−

=
−
−

=

−+−
−

=
−−−

−
=

−
−

==

=

−=

−−−=

−+−−=

EQUATION 
SUMMARY


