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w = ∫ P dv        Quasi-equilibrium (reversible) process;                                                 h = u + Pv      Definition, always true 

 
PV = mRT  = n R T     Ideal gas (T > 2*Tcrit, P < 10 MPa)                                 u ≈ uf @ T;   v ≈ vf @ T   Subcooled liquid 
                                                                                                              h ≈ hf @ T + vf(P – Psat)  Subcooled liquid 
Q – W = E2 – E1        First law for a process, no constraints                               v = vf + x(vg - vf) ,     u = uf + x ufg   Two-phase 
 
Q – W = U2 – U1            First law for a process, closed system, negligible changes in kinetic and potential energy 
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u2 – u1 =  ∫ vC  dT      Internal energy is a function of temp only;   h2 – h1 =  ∫ pC  dT      Enthalpy is a function of temp only 

 
Qδ∫ =  Wδ∫     Any thermodynamic cycle                                                                              �̇�𝑚 = ρ𝑉𝑉�⃗ A  steady, 1-d flow 
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       First law for control volume 
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+ gZ2           Single-inlet, single-exit, steady flow 
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L     Heat pump (cooler);   γ =  
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H     Heat pump (heater)    

 
w = – ∫ v dP  – ½ ( 2
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) – g(Z2 – Z1)        Reversible, steady flow 

 
q = ∫Tds     Reversible process                             QH/QL = TH/TL    Carnot cycle 
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   s = const, IG, Cp = const 
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    IG, const specific heats 

 
2

1

R

R

P
P

= 2

1

P
P

 ;  2

1

R

R

v
v

= 2

1

v
v

         Isentropic, ideal gas, non-constant specific heats 

 

ηturbine = wa/ws          ηcompressor =  ws/wa           ηpump = ws/wa          ηnozzle = 
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                                                                                                                                        Polytropic processes 

 
 
 
 
 
    
 
 
        
       
 
 
 
 
 
 
 
 
 
 
 
 
 
    
 
 
        
       
 
 
 
 
 
 

P 

v 

v = c 
n → ∞ 

P = c 
n = 0 

s = c 
n = k 

T = c 
n = 1 

T 

s 

s = c 
n = k 

T = c 
n = 1 

P = c 
n = 0 

v = c 
n → ∞ 

Pv
n
 = c 



 
 
   
 
 
 
 


