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6.7  GENERALIZED PROPERTY CORRELATIONS FOR GASES  

Of the two kinds of data needed for evaluation of thermodynamic properties, heat 

capacities and PVT data, the latter are most frequently missing. Fortunately, the 

generalized methods developed in Sec. 3.6 for the compressibility factor are also 

applicable to residual properties. Equations (6.46) and (6.48) are put into generalized 

form by substitution of the relationships: 

 

 

 

 

 

 

Calculated values of the quantities above as determined by Lee and Kesler are given as 

functions of Tr. and Pr in Tables E.5 through E.12. 

However, the generalized second-virial-coefficient correlation valid at low pressures 

forms the basis for analytical correlations of the residual properties. The equation relating 

B to the functions B
0
 and B

1
 is derived in Sec. 3.6: recall equations (3.62 and 3.63) 
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Since B, B
0
, and B

1
 are functions Tr only,  

 

 

 

Equations (6.55) and (6.56) may be written: 

 

 

Combining each of these equations with the previous equation yields after reduction: 

 

The dependence of B
0
 and B

1
 on reduced temperature is given by Eqs. (3.65) and (3.66). 

Differentiation of these equations provides expressions for dB
0
/dTr  and dB

1
/dTr. Thus 

the equations required for application of Eqs. (6.87) and (6.88) are: 
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The generalized correlations for H
R
 and S

R
, together with ideal-gas heat capacities, allow 

calculation of enthalpy and entropy values of gases at any temperature and pressure by 

Eqs. (6.50) and (6.51). For a change from state 1 to state 2, write Eq. (6.50) for both 

states: 

 

The enthalpy change for the process, ΔH = H2 – H1, is the difference between these two 

equations: 

 

 

Similarly, by Eq. (6.51), 

 

 

written in alternative form these equations becomes: 
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Thus, in Fig. 6.6, the actual path from state 1 to state 2 (dashed line) is replaced by a 

three-step calculational path:  

 

 

 

 

 

 

 

 

 

 

 

 

 

Step 1          l
ig

 : A hypothetical process that transforms a real gas into an ideal gas at T1 

and P1. The enthalpy and entropy changes for this process are: 

 

 

Step l
ig

           2
ig

: Changes in the ideal-gas state from (T1, P1) to (T2,  P2). For this 

process, 
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Step 2
ig

          2: Another hypothetical process that transforms the ideal gas back into a 

real gas at T2 and P2. Here,  

 

 

Equations (6.91) and (6.92) result from addition of the enthalpy and entropy changes for 

the three steps. 
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Figure 6.7 

For H and S. use a calculational path like that or Fig. 6.6 leading from an initial state of 

saturated liquid 1-butene at 0 
o
C where H and S are zero to the final state of interest. In 

this case, an initial vaporization step is required leading to the four-step path shown by 

Fig- (6.7. The steps arc; 

(a) Vaporization at T1 and P1 = P
sat 

(b) Transition to the ideal-gas state at (T1. P1). 

(c) Change to (T2, P2 in the ideal-gas state, 

(d) Transition to the actual final state at  (T2, P2). 

• Step (a) Vaporization of saturated liquid 1-butene at 0 
o
C. The vapor pressure must be 

estimated as it is not given. One method is based on the equation: 
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Extension to Gas Mixtures  

Although no theoretical basis exists for extension of generalized correlations to mixtures, 

approximate results for mixtures can often be obtained with pseudocritical parameters 

resulting from simple linear mixing rules according to the definitions: 

 

 

 

 

 

 

 

The values so obtained are the mixture   and pseudocritical temperature and pressure, 

Tpc and Ppc  which replace Tc, and Pc, to define pseudoreduced parameters: 

 

 

 

 

These replace T, and P, for reading entries from the tables of App. E, 
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