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first law for system -
change of state Q1_2 is the heat transferred TO system 

Q1_2 E2 − E1 + W1_2 E1 E2 are intial and final values of

energy of system and ... (5.5)
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W1_2 is work done BY the system 
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steady state steady flow ... - single flow stream 

2 2Vi Ve 
g zi g z

 



2  
 



 

 



2  
 



 

Vi Ved 
d 

+ ∑ ∑
 (5.47), (W2.8)Q hi h W++ ++ +⋅ = ⋅ e e e2 2 dt tn n 

this on per unit mass
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uniform state, uniform flow process 
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Second Law 
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so as we did for energy E (e) in first law dQ isreversible ... (7.2) 

independent of path in reversible process => is a porperty of
2 the substance. entropy is an extensive property and entropy

per unit mass is = s 
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two relationships for simple compressible 
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the reversible	 (7.7) 
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second law for a control volume 
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c_v(
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 (
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steady state, steady flow process d Sc_v = 0 (7.50)
dt 
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Q_dotc_v 
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 )
 (
 )
∑
 − ∑ ≥∑⋅⋅m_dote se m_doti si 

n n c_v 
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Availability 

reversible work (maximum) of a control volume that exchanges heat with the
surroundings at To 
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availablity


steady state, steady flow process ...(e.g. single flow ...availability (per unit mass flow)
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 (8.17) extended w = rev ψi ψ− e = h1 − To ⋅s1 − h2 + To ⋅s2 = h1 − To 

can be written for more than one flow ... 
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W − dot ψi 



ψ= mi ⋅ m ⋅ rev en n (8.18) 



availability w/o KE and PE per unit mass of system 

φ = (u + p ⋅v − T ⋅s) − (u + p ⋅v − T ⋅s ) = u − u + p ⋅(v − v ) − T ⋅(s − s ) (8.21)o o o o o o o o o o o o 

and reversible work maximum between states 1 and 2 is ... 
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