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Thermodynamics and energetics I: examples lecture, chapter 7 
 

1. 

𝑒𝑥 = 𝑢 − 𝑢0 + 𝑝0(𝑣 − 𝑣0) − 𝑇0(𝑠 − 𝑠0) =
ideal gas

𝑢 − 𝑢0 +
𝑅̃

𝑀
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𝑝
− 𝑇0) − 𝑇0 (𝑠0(𝑇) − 𝑠0(𝑇0) −

𝑅̃

𝑀
𝑙𝑛 (

𝑝

𝑝0
)), with 𝑠0(𝑇) = ∫

𝑐𝑝

𝑇
𝑑𝑇

𝑇

𝑇𝑟𝑒𝑓
 

𝑒𝑥 = 880.35 − 214.07 +
8.314

29
(

1.01

7
1140 − 300) − 300 (3.11883 − 1.70203 −

8.314

29
𝑙𝑛 (

7

1.013
)) = 368.91kJ/kg  

 

2.  

𝑒𝑥2 − 𝑒𝑥1 = 𝑢2 − 𝑢1 + 𝑝0(𝑣2 − 𝑣1) − 𝑇0(𝑠2 − 𝑠1) 
              = 2559.5 − 631.68 + 105(0.3928 − 1.0905 ⋅ 10−3)/1000 − 293(6.8379 − 1.8418) 
              = 502.38kJ/kg    

 

     
𝐸𝑥𝑞

𝑚
= (1 −

𝑇0

𝑇
)

𝑄

𝑚
=

1st law
(1 −

𝑇0

𝑇
) (𝑢2 − 𝑢1 +

𝑊

𝑚
) 

      = (1 −
𝑇0

𝑇
) (𝑢2 − 𝑢1 + 𝑝(𝑣2 − 𝑣1)) = 649.5kJ/kg  

 

     
𝐸𝑥𝑤

𝑚
=

𝑊

𝑚
− 𝑝0(𝑣2 − 𝑣1) = 𝑝(𝑣2 − 𝑣1) − 𝑝0(𝑣2 − 𝑣1) 

= 147.21 𝑘 J /kg 

 

 
𝐸𝑥𝑑

𝑚
= −Δ𝑒𝑥 +

𝐸𝑥𝑞

𝑚
−

𝐸𝑥𝑤

𝑚
= 0 → since reversible 

 

3.  

1st law: 0 = 𝑄 − 𝑊 + 𝑚̇(ℎ1 − ℎ2) + 𝑚̇(ℎ3 − ℎ4) →      

             4 3 1 2 1068.89 617.5 888.27 798.15kJ/kgh h h h= + - = + - =   

             → T4=778K 

 

Exergy balance: 0 = ∑ (1 −
𝑇0

𝑇𝑗
) 𝑄̇𝑗 − 𝑊̇ + 𝑚̇(𝑒𝑥𝑓,1 − 𝑒𝑥𝑓,2) + 𝑚̇(𝑒𝑥𝑓,3 − 𝑒𝑥𝑓,4) − 𝐸̇𝑥𝑑 

𝑚̇(𝑒𝑥𝑓,1 − 𝑒𝑥𝑓,2) = 𝑚̇(ℎ1 − ℎ2 − 𝑇0(𝑠1 − 𝑠2))

= 𝑚̇ (ℎ1 − ℎ2 − 𝑇0 (𝑠(𝑇1) − 𝑠(𝑇2) −
𝑅̃

𝑀
𝑙𝑛 (

𝑝1

𝑝2
))) = −14.1MW 

𝑚̇(𝑒𝑥𝑓,3 − 𝑒𝑥𝑓,4) = 𝑚̇(ℎ3 − ℎ4 − 𝑇0(𝑠3 − 𝑠4))

= 𝑚̇ (ℎ3 − ℎ4 − 𝑇0 (𝑠(𝑇3) − 𝑠(𝑇4) −
𝑅̃

𝑀
𝑙𝑛 (

𝑝3

𝑝4
))) = 16.93MW 

     𝐸̇𝑥𝑑 = 𝑚̇(𝑒𝑥𝑓,1 − 𝑒𝑥𝑓,2) + 𝑚̇(𝑒𝑥𝑓,3 − 𝑒𝑥𝑓,4) = 2.83MW 

 

Alternative:  

2nd law: 0 = ∑
𝑄̇𝑗

𝑇𝑗
+ ∑ 𝑚̇𝑠𝑖 − ∑ 𝑚̇𝑠𝑒 + 𝜎̇→𝜎̇ = 𝑚̇(𝑠4 − 𝑠3) + 𝑚̇(𝑠2 − 𝑠1) = 𝑚̇ (𝑠(𝑇4) −

𝑠(𝑇3) −
𝑅̃

𝑀
𝑙𝑛 (

𝑝4

𝑝3
)) + 𝑚̇ (𝑠0(𝑇2) − 𝑠0(𝑇1) −

𝑅̃

𝑀
𝑙𝑛 (

𝑝2

𝑝1
)) = 9.431kJ/kg 

𝐸̇𝑥𝑑 = 𝑇0𝜎̇ = 2.83MW 

=0 =0 

=0 =0 

=0 



SCHOOL OF ENGINEERING 

MECHANICAL ENGINEERING 
LRESE -Lab o ra to ry  o f  Ren ewab le  En e rg y  Sc i en ces  an d  Eng in ee r in g   

 

4. 

 

h1 = 3105.6kJ/kg; s1 = 7.53kJ/kg/K → h2,s = 2743kJ/kg 

Isentropic efficiency: (ℎ1 − ℎ2) = 𝜂t,𝑠 (
𝑊̇

𝑚̇
)

𝑠
= 𝜂t,𝑠(ℎ1 − ℎ2,𝑠) → h2 = 2833.7kJ/kg; 

                                   
𝑊̇

𝑚̇
= (ℎ1 − ℎ2) = 271.95kJ/kg → s2 = 7.74kJ/kg/K 

2nd law: 𝑠2 − 𝑠1 =
𝜎̇

𝑚̇
= 0.211kJ/kg/K 

Exergy balance: 𝑒𝑥𝑓,1 − 𝑒𝑥𝑓,2 =
𝑊̇

𝑚̇
+ 𝑇0

𝜎̇

𝑚̇
= 335.25kJ/kg 

Exergy efficiency: 𝜀𝑒𝑥 =
𝑊̇/𝑚̇

𝑒𝑥𝑓,1−𝑒𝑥𝑓,2
= 81% 

 


