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Any equation of state capable of representing both the 

states of the saturated liquid and vapor of a pure substance 

may in principle be applied to the computation of vapor- 

liquid pressures (vapor pressures) as a result of the 

requirement that the fugacities be the same in both phases.  

This latter requirement is expressed by the simple equality, 

 
L V   

 

In this paper we proceed to develop "generalized" vapor 

pressure curves in reduced coordinate format (PR
Sat

 as a 

function of TR) using two cubic equations of state, namely the van der Waals and 

Redlich-Kwong equations.  Secondly, we compare the above results with the predictions 

of the three-parameter correlation (PR
Sat

 versus TR and ) of Lee and Kesler (1). All of 

the above predictions are in turn compared against actual experimental vapor pressure 

data. 
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CORRELATION OF PURE COMPONENT VAPOR PRESSURES 

VIA TWO CUBIC EQUATIONS OF STATE WRITTEN IN 

CORRESPONDING STATES FORMAT 

 

 

I. Introduction 

 

Any equation of state capable of representing both the states of the saturated liquid and vapor of a pure 

substance may in principle be applied to the computation of vapor-liquid pressures (vapor pressures) as a 

result of the requirement that the fugacities be the same in both phases.  This latter requirement is expressed 

by the simple equality, 

 

(1)l v   

 

First we proceed to determine the entire generalized vapor pressure curve in reduced coordinates (PR
Sat

 as a 

function of TR)  using two cubic equations of state, namely the van der Waals (2) and Redlich-Kwong (3) 

equations.  Secondly, we compare the above results with the predictions of the three-parameter correlation 

(PR
Sat

 versus TR and ) of Lee and Kesler (1).  All of the predicted results are in turn compared against actual 

experimental vapor pressure data. 

 

II. Reduced Forms of the van der Waals and Redlich-Kwong Equations 

 

Van der Waals Equation  For one mole of single phase fluid, the original van der Waals  equation (2) is 

written as follows: 

 

 2 2
(2)

RT a a
P or P V b RT

V b V V

 
     

  
 

 

Next we take advantage of the fact that the critical constants for a van der Waals fluid can be related to the 

constants a and b by the using the critical point criteria that, 

 
2

2
0 (3)

c cT T

P P

V V

   
   

    
 

 

Incorporating  Equation 2 into these criteria yields, 

 

 
2 3

2
0

c

c

cT c

RTP a

V VV b

  
   

  
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 

2

32 4

2 6
0

c

c

cT c

RTP a

V VV b

 
   

  
 

 

When these two equations are solved for the critical constants, we get, 

 

2

8
3 ; ; (4 , , )

27 27
c c c

a a
V b T P a b c

b R b
    

 

In terms of reduced parameters whereby VR = V/Vc, TR = T/Tc and PR = P/Pc, Equations 4 a,b,c can readily 

be transformed to, 

 

2

8
3 ; ; (5 , , )

27 27
R R R

a a
V bV T T P P a b c

bR b
    

Now Equations 5 a,b,c are substituted directly into Equation 2 with the result, 

 

 2 2 2

8
3

27 9 27
R R R

R

a a a
P bV b R T

b b V bR

    
      

    
 

 

This expression can readily be simplified to yield, 

 

2

3 1 8
(6)

3 3
R R R

R

P V T
V

  
    

  
 

 

In turn, Equation 6 can be rearranged into the cubic polynomial format in VR and written as, 

 

3 21 8
( ) 3 1 0 (7)

3 3
R R R R R R Rf V P V P T V V

 
      

 
 

 

This is the final form of the reduced van der Waals equation to be solved.  Equation 7 is cubic in VR, and for 

any sub critical isotherm (TR < 1) will have three real roots.  The specific isotherm for TR = 0.90 as generated 

by Equation 6 is plotted on Figure 1.  At the vapor-liquid saturation state, Equation 7 must yield both a 

saturated liquid volume VR
L
 and a saturated vapor volume VR

v
.  These correspond to the lowest and highest 

roots respectively.  The middle root has no physical significance.  Inspection of this isotherm shows that 

there is a range of reduced pressures from PR(min) to PR(max) for which saturated-liquid-like and saturated-

vapor-like reduced volumes are possible.  The true value of PR
Sat

 for a given TR lies between these extremes 

of reduced pressure and must satisfy the equilibrium condition demanded by Equation 1. 
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Figure 1 - PR vs. VR From the Reduced Form of the van der Waals EOS (TR = 0.90) 

 

 
 

Redlich-Kwong Equation  For one mole of a single phase fluid, the Redlich-Kwong equation (3) is 

expressed by, 

 

 0.5
(8)

RT a
P

V b T V V b
 

 
 

 

If the first and second derivative constraints at the critical point are imposed upon Equation 8, we get, 

 

 

 

 

 

 
 

2 20.5 2

2 22

3 32 0.5 3

2

2 3 32

T

T

a V bP RT

V V b T V V b

a V bV bP RT

V V b T V V b

 
   

   

  
  

   

 

 

For the critical state these derivatives are both zero, and 

 

 

 

 

 
 

2 20.5 2

2 2

3 30.5 3

2
(9)

2 3 32
(10)

cc

c c c c

c cc

c c c c

a V bRT

V b T V V b

a V bV bRT

V b T V V b




 

 


 
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Division of Equation 9 by Equation 10 yields after rearrangement the following result, 

 
3 2 2 33 3 0c c cV bV b V b     

 

This cubic equation has but one real root i.e. 

 

1/3

1/3

2 1

2 1 (11)

c

c

b b
V

c

or b cV where c

 


  

 

 

If we substitute this latter result in either Equation 9 or 10, we get the following expression for the constant 

a: 

 
1.5

(12)
3

c cRT V
a

c
  

 

Next substitution of Equations 11 and 12 into Equation 8, written for the critical state, leads to, 

 

(13)
3

1
sin

3

c
c

c

c c
c c

c

RT
P

V

P V
and ce Z we see that Z

RT



 

 

 

In other words, the original RK equation predicts a universal compressibility factor for any fluid to be 1/3. 

 

If we now substitute Equations 11, 12 and 13 and the fundamental definitions P = PRPc ,     T = TRTc and V = 

VRVc directly into Equation 8, we arrive at the final form of the reduced Redlich-Kwong equation of state: 

 

 0.5

3 1
(14)R

R

R R R R

T
P

V c cT V V c
 

 
 

 

When Equation 14 is put in standard cubic polynomial form, it becomes, 

 

     0.5 3 1.5 2 3 0.5 2 1.53 3 1 0 (15)R R R R R R R R Rc P T V cT V c P T c T V c       

 

Like the reduced form of the van der Waals equation, Equation 15 has three real roots.  The smallest and 

largest roots represent the saturated liquid and vapor reduced volumes respectively. 
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III. Reduced Coordinate Forms for the Fugacity Coefficient 

 

General Expression for Ln   For an equation state of the form P = f(V,T) the appropriate general 

expression for the pure component single phase fugacity coefficient is written as, 

 

   
1/

0

1
/ 1 1 (16)

V

Ln Ln f P Z Ln Z Z V d
V


 

       
 

  

 

The next task at hand is to evaluate Equation 16 separately for the van der Waals and Redlich-Kwong 

equations of state, and then convert those resulting expressions to their reduced coordinate  or corresponding 

states forms. 

 

Van der Waals Equation  First we rearrange Equation 2 into the proper format for substitution into 

Equation 16.     

 

 
2

1

PV V a
Z

RT V b VRT

V a
and then Z V V

V b RT

  


   


 

 

Therefore, for the van der Waals equation, Equation 16 becomes, 

 

 

 

1/ 1/ 1/2

0 0 0

1/ 2

0

1 1 1 1
1

1
1

V V V

V

V
Ln Z Ln Z d a d V d

V b V RT V V

a V
Ln Z Ln Z V d

VRT V b V





     
          

      

   
        

   

  



 

 

Evaluation of the last integral yields, 

 
1/ 1/ 1/2

1/

0

1 1 1

1
1

1 1

V V V

o o o

V

V bV b
V d d d

V b V V b V V
b

V

b b
Ln Ln

V V

        
          

             
 

    
         

    

  
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Therefore, for the van der Waals equation, we get, 

 

 1 1 (17)
a b

Ln Z LnZ Ln
VRT V


 

      
 

 

 

Next we substitute Equations 5a and 5b directly into Equation 17 to get the appropriate reduced format: 

 

 
 

   

 

27
1 1

3 8 3

9 1
1 1 (18)

8 3

R R R

R R R

a bR b
Ln Z Ln Z Ln

bV R a T bV

or simply Ln Z Ln Z Ln
V T V





 
      

 

 
      

 

 

 

 In addition we can express Z as, 

 

(19)

0.375 .

R c R c R R
c

R c R

c

P P V V P VPV
Z Z

RT RT T T

where Z specifically for a van der Waals fluid

  



 

 

Redlich-Kwong Equation  First we must rearrange Equation 8 into a form amenable for direct substitution 

into Equation 16.   

 

 

 
 

1.5

2

1.5

`

1

PV V aV
Z

RT V b RT V V b

V aV
Then Z V V

V b RT V b

  
 

   
 

 

 
1/ 1/2

1.5

0 0

1/

0

1 1
1

1

V V

V

V a V
So Ln Z Ln Z d d

V b V RT V b V

V d
V


   

       
    

 
  

 

 


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These integrals must now be evaluated in detail in order to reach the final desired expression. 

 

 

 

1/ 1/2

1.5

0 0

1/ 1/

1.5

0 0

1 1 1
1

1

1 1 1
1

1 1

V V

V V

V a
Ln Z Ln Z V d d

bV b V RT V

V

b a
Ln Z Ln Z d d

b bV RT V

V V





     
                

   
       

    

 

 

 

 

 

 

1/ 1/

1.5

0 0

1.5

1 1 1

1 1 1

V V

b a b
Ln Z Ln Z Ln Ln

V b RT V

b a b
Ln Z Ln Z Ln Ln

V b RT V





      
            

      

   
         

   

 

 

Next we define the parameter h = b/V and substitute it into the above expression. 

 

      
1.5

1 1 1 (20)
a

Ln Z Ln Z h Ln h
b RT

        

 

Equation 20 can now be transformed to the desired reduced format by making the following substitutions: 

 
1.5

1.5

2

3
11 12 ;

3

c c

c c

c R

RT V

RT cVa b cc
From Equations and h

b cV c V V V
      

 

1

3

R R
c c

R

P V
Z Z where Z

T
   

 
1.5

2 1.5

1 1
1 1 1

3 3

cR R R R
c

R R R R

RTP V P V c c
Ln Z Ln Ln

T T V c RT V


    
         

    
 

 

 

which can finally be simplified to yield: 

 

  2 1.5

1 1
1 (21)

3 3 3

R R R R
R

R R R R

P V P V
Ln Ln V c Ln

T T c T V c


   
       

   
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IV.  Algorithm/Programs For Predicting PRSat From the Two Equations of State 

 

VR Roots from EOS  As we have just seen, both the van der Waals and Redlich-Kwong equations can be 

expressed as cubic polynomials in the reduced volume.  These polynomials assume the general format: 

 

  3 2 0 (22)R R R Rf V AV BV CV D      

 

Here the coefficients A through D consist of either true constants or are functions of TR and PR.   Equation 22 

can be conveniently solved for the desired root by employing the rather robust Newton-Raphson numerical 

procedure.  This method consists of an iterative (predictor/corrector) routine using Equation 23 below: 

 

 
 
 /

(23)

Old

RNew Old

R R Old

R

f V
V V

f V
     where f(VR) is 

given by Equation 22 and, 

 

 
 / 23 2 (24)

R

R R R

R

d f V
f V AV BV C

dV
     

 

A subroutine (inner loop) included in the program for computing reduced vapor pressure calculates two roots 

for VR, one for the saturated liquid and one for the saturated vapor.  As discussed previously, these roots 

consist of the lowest and highest ones respectively.  Equation 23 generally requires a good initial estimate for 

VR.  It is imperative that this first guess or estimate lie on a unimodal portion of the PR versus VR isotherm.  

Inspection of Figure 1 shows that for determining the liquid root, it is best to set VR
L
 (est.) at some value less 

than VR(Min).  For calculating VR
V
, the estimated value should be greater than VR(Max). 

 

Component Fugacities  Once VR
L
 and VR

V
 are determined from the EOS based on a trial value of PR

Sat
 for 

a specified TR, it is then necessary too see if Equation 1 is satisfied (program outer loop).  The value of PR
Sat

 

is adjusted if necessary until Equation 1 is indeed satisfied within some specified error tolerance.   

 

Equation 1 can be equivalently expressed in logarithmic form such that, 

 

0 0
V

V L

L
Ln or Ln Ln


 



 
   

   

Once again we can apply the Newton-Raphson procedure in the program's outer loop to converge on the 

correct value of PR
Sat

.   

 

  0 ( )

( )

V L

R

V L

R

F P Ln f Ln f at solution

d F P dLn f d Ln f

  

 
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Based on the fundamental definition of the fugacity, we can write, 

 

 

V L

V

L V L

V L

c R R

c R c R

V L V L

c c R R R R
c

R c R R

V V
dF d P d P

RT RT

f
d Ln

fd F V V

d P d P RT

V V Vd F
or

P d P RT T

P V V V V VdF
Z

d P RT T T

 

 
 

 
 




 
 

  

 

The Newton-Raphson iteration formula for this outer loop iteration is written as follows: 

 

( ) ( ) ( ) (25)
/

V

L

Sat new Sat old Sat old

R R R V L

R RR
c

R

f
Ln

fF
P P P

V VdF dP
Z

T

 
 
 

   


 

 

Computational Algorithm  The complete step-by-step algorithm for computing reduced vapor pressures is 

summarized below: 

 

 1. For a specified TR < 1 estimate PR
Sat

. 

 

 2. Solve the reduced form of the appropriate equation of state for VR
L
 and VR

V
 

     using the Newton-Raphson numerical procedure (inner loop). 

 

 3. Then  for the outer loop: 

;
Sat L Sat V

L VR R R R
c c

R R

P V P V
Z Z Z Z

T T
   

 

 4. Calculate Ln 
L
 and Ln 

V
 and  F = Ln 

V
 - Ln 

L
 (Equation 18 for the VDW 

                equation and Equation 21 for the RK). 

 

 5. Calculate : 

 /
V L

SatR R
c RSat

R R

V Vd F
Z F P

d P T


   
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 6. Calculate: 

   

  
  /

Sat old

RSat new Sat old

R R Sat old

R

F P
P P

F P
   

 

 7. Calculate the tolerance  = abs (PR
Sat(new)

 - PR
Sat(old) 

)  0 

 

 8. If the value of  does not meet the required tolerance window, then replace the  

                old value of the reduced pressure with the new one i.e.  set PR
Sat(old)

 = PR
Sat(new)

 

 

 9. Then return to Step 2 above. 

 

 10. If the tolerance window is met, then print out the values of TR, VR
L
, VR

V
, 

       and PR
Sat

. 

 

Step 2 comprises the inner loop or subroutine for the program.  The rest of the steps outlined above represent 

the outer loop where the desired value of the reduced vapor pressure is calculated. 

 

 

BASIC Programs  Table 1 is a listing of the BASIC program entitled VDWCSVP.BAS which performs the 

above computational algorithm using the reduced form of the van der Waals equation.  Table 2 provides a 

sample output for the case where TR = 0.6.  Subsequent runs were also made for TR = 0.7, 0.8 and 0.9.  Lines 

35 and 55 of the program employ Equation 18 of the text to perform the fugacity coefficient calculations.  

Line 785 employs Equation 7, the cubic polynomial form of the VDW equation, to determine the liquid and 

vapor reduced volumes.   

 

Table 3 provides a similar BASIC program listing entitled RKCSVP.DOC  which employs the reduced form 

of the Redlich-Kwong equation, and Table 4 gives the output for TR = 0.6.  In this program Lines 35 and 55 

now employ Equation 21 to calculate the fugacity coefficients.  Line 785 employs Equation 15 which is the 

cubic polynomial form of the RK equation for computing VR
L
 and VR

V
.  The absolute error tolerances 

specified for convergence on the liquid/vapor reduced volumes (inner loop)  and on the reduced vapor 

pressure (outer loop) are all set at a value of 0.001 in both programs. 

        

A summary of the computed reduced liquid/vapor volumes and reduced vapor pressures predicted by both 

equations of state is given below: 

 

           van der Waals EOS    Redlich-Kwong EOS 

 

    TR    VR
L
     VR

V
           PR

Sat 
                  TR VR

L
    VR

V
        PR

Sat
 

          -----        - ------    --------      --------                 -----    ---------      --------    -------- 

 0.6 0.4326    16.730      0.0869              0.6     0.3298     87.433    0.0202  

 0.7 0.4672      7.833      0.2005       0.7     0.3617      22.171    0.0867 

 0.8       0.5169      4.177      0.3834                  0.8     0.4106        8.032    0.2442 

 0.9       0.6025      2.350      0.6470                  0.9     0.5008        3.391    0.5348 

     

Figure 2 provides a graphical comparison of these calculated  PR - VR profiles.  For a given reduced vapor 

pressure, the Redlich- Kwong equation predicts a significantly higher reduced vapor volume than does the 

van der Waals  EOS.   
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Figure 2 - PR

Sat
 Versus VR Profiles Predicted by the Two Equations of State 
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V. Three-Parameter CS Vapor Pressure Correlation of Lee and Kesler 

 

 The Correlation   In a 1975 publication Lee and Kesler (1) presented a new equation in three-parameter 

corresponding states format for estimating the vapor pressure of pure hydrocarbons and narrow-boiling 

fractions.  If the critical properties (Tc, Pc) and the Pitzer acentric factor  are known or can be reasonably 

estimated, the following equations are recommended: 

 
( ) (1)( ) ( ) (26)Sat Sat o Sat

R R RLnP LnP LnP   

 

 

   

( )
6

(1)
6

5.92714 6.09648/ 1.28862 0.169347 (27)

15.2518 15.6875/ 13.4721 0.43577 28

o
Sat

R R R R

Sat

R R R R

where Ln P T LnT T

and Ln P T LnT T

   

   

 

 

The authors point out in the paper that Equations 26-28 are consistent with the following required 

constraints: 

 

 1. The precise definition of  the acentric factor i.e.  = -1.0 - Log10 (PR
Sat

)TR=0.7  

                   

 2. The Riedel condition d/dTR = 0 at TR = 1.0;   = the Riedel parameter. 

 

 3. The critical point requirement that PR
Sat

 = 1.0 at TR = 1.00. 

 

The Acentric Factor   The primary incentive for developing this correlation was to shore up uncertainties 

and inconsistencies  in the reported acentric factors for some hydrocarbons such as 1-pentene, diolefins, and 

acetylenes.  The authors suspected that these inconsistencies were likely due to inaccurate data for the vapor 

pressure or critical properties of these compounds.  Equation 26 is quite useful in estimating the acentric 

factor from the normal boiling point and critical properties of the fluid of interest.  When applied to the 

normal boiling point and solved specifically for , Equation 26 becomes: 

 
6

6

5.92714 6.09648/ 1.28862 0.169347
(29)

15.2518 15.6875/ 13.4721 0.43577

Sat

br br br br

br br br

Ln P T LnT T

T LnT T


   


  
    

 

where Tbr (TNBP/Tc) is the reduced normal boiling point and Pbr
Sat

 the reduced vapor pressure (14.7/Pc in psia) 

at the normal boiling point. 
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VI. Comparison of Predicted/Experimental Reduced Vapor Pressures 

 

Comparison of Correlations  Figure 3 shows the predicted PR
Sat

 versus TR profiles predicted by the van 

der Waals and Redlich-Kwong equations.  On the same figure, we have plotted the predicted reduced vapor 

pressure profiles from the Lee-Kesler correlation (Eqn. 26).  The set of curves shown here cover a range of 

acentric factors from zero (simple spherical shaped fluids) to 0.50 (more complex shaped molecules).  As 

expected, both equations of state predict only a single curve.  An "effective" acentric factor can readily be 

computed for either equation.  For the van der Waals equation at TR = 0.7, the program listed in Table 1 

computes a reduced vapor pressure of 0.2005.   Therefore, 

 

   10 100.7
1.0 1.0 0.2005

1.0 0.698 0.302

R

Sat

VDW R T
Log P Log


     

    
    

 

For the RK equation, the program listed in Table 3 predicts PR
Sat

 = 0.0867 at TR = 0.7.  As a result, the 

predicted acentric factor would be, 

 

 101.0 0.0867 0.062RK Log      

 

Referring back to Figure 3 once again, we see that the RK reduced vapor pressure curve  

lies between the Lee-Kesler curves for  = 0 and 0.10.  This result is entirely consistent with the value of  

= 0.062 predicted by the RK equation.  

 

The reduced vapor pressure curve generated from the VDW equation appears to give an absurd result and 

lies significantly higher than the Lee-Kesler curve for  = 0.0.  The absurd result is further borne out by the 

fact that the VDW equation predicts a negative acentric factor of - 0.302. 

 

Comparisons Against VP Data  Figures 4 and 5 provide detailed comparisons between the Lee-Kesler 

curves and actual experimental vapor pressure data.  The data plotted on Figure 4 cover three paraffin 

hydrocarbons, and four non hydrocarbons including the rather polar fluids ammonia and water.  Figure 5 

covers H2S, 1-butene, propyne, and ethyl benzene.  The majority of the data employed here were read from 

the vapor pressure charts published in the Data Book of the American Petroleum Institute (4).  For water 

points were read from the steam tables of Keenan and Keyes (5).  And for CO2, the tabulated data of F. Din 

(6) were utilized.  Beside each component listed on these charts are given their respective acentric factors.   
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Figure 3 - Reduced Vapor Pressure as a Function of Reduced Temperature (Predicted) 
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Figure 4 - Comparison of Reduced Vapor Pressure Curves Predicted by 

the Correlation of Lee - Kesler Against Actual Data 
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Figure 5 - Comparison of Reduced Vapor Pressure Curves Predicted by 

the Lee - Kesler Correlation Against Actual Data 
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In general, the Lee-Kesler curves provide an excellent match with the plotted data.  The individual 

component data fall nicely in line with the appropriate LK curve as far as the correct acentric factor is 

concerned.        

 

Conclusions  The three-parameter corresponding states correlation of Lee and Kesler provides an excellent 

representation of the vapor pressure of pure fluids displaying quite a range of acentric factors (extent of 

molecular complexity) and molecular polarity. 

  

The equations of state can only predict a single "generalized" reduced vapor pressure versus TR curve 

because they are only capable of predicting a single value for the "effective" acentric factor.  The RK 

equation provides an adequate representation of reduced vapor pressures if the molecular structure of the 

fluid of interest is close to being spherical i.e. if the acentric factor lies between zero and 0.10.    The van der 

Waals equation produces absurd results for the prediction of reduced vapor pressure.  It will predict results 

that are excessively high and also predicts an "effective" acentric factor that is negative. 

 

Future Challenge  In 2010 Koppany (7) presented a modification to the van der Waals equation by making 

the energy of interaction term a a general function of temperature: 

 

2

2 2

( )
; ( ) ( ) (30 , )

27
; (31 , )

64 8

c

C C
c

C C

RT a T
P a T T a a b

V b V

R T RT
where a b a b

P P

  


 

  

The alpha function was in turn correlated against the reduced temperature TR and the component acentric 

factor  using pure component vapor pressures.  The result was: 

 

 0.5 0.51 1 ; 0.551088 1.452291 (32 , )Rm T m a b      Thus this 

modification of the original VDW equation is a three parameter EOS i.e. it is dependent upon the parameters 

TC, PC and .  It is conceivable that a similar analysis could be performed with the modified VDW equation 

as was performed with the original VDW and RK equations to yield a reduced vapor pressure correlation.  

The principle goal would be to generate a series of PR
Sat

 versus TR curves with  as parameter similar in 

nature to the Lee-Kesler correlation.  However, the author has found the mathematical analysis for this effort 

to be impossible at this time.  I propose such an analysis as an academic challenge to some brilliant and 

innovative thermodynamicist. 
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Appendix of Tables 

 
Table 1 - BASIC Program Listing for VDWCSVP.BAS 

                       

2 OPEN "VDWCSVP.OUT" FOR OUTPUT AS #1 

5 READ TR, ZC 

10 READ PREST 

15 PR = PREST 

17 REM F=1 LIQUID; F=2 VAPOR 

20 F = 1 

25 GOSUB 760 

27 VRL = VR 

30 ZL = ZC * PR * VRL / TR 

35 LNPHIL = (ZL - 1) - LOG(ZL) - 9 / (8 * VRL * TR) - LOG(1 - 1 / (3 * VRL)) 

40 F = 2 

45 GOSUB 760 

47 VRV = VR 

50 ZV = ZC * PR * VRV / TR 

55 LNPHIV = (ZV - 1) - LOG(ZV) - 9 / (8 * VRV * TR) - LOG(1 - 1 / (3 * VRV)) 

60 FU = LNPHIV - LNPHIL 

65 DERIV = ZC * (VRV - VRL) / TR 

70 PR1 = PR - FU / DERIV 

75 E1 = ABS(PR1 - PR) 

80 PRINT #1, PR, PR1 

85 IF E1 < .001 THEN 100 

90 PR = PR1 

95 GOTO 20 

100 PRINT #1, "REDT", "RED VP", "VRL", "VRV" 

105 PRINT #1, TR, PR1, VRL, VRV 

110 GOTO 1050 

760 REM SUBROUTINE FOR CALC. REDUCED VOLUMES 

765 IF F = 1 THEN 780 

770 VR = 15 

775 GOTO 782 

780 VR = .5 

782 A = (PR + 8 * TR) / 3 

785 FU1 = PR * (VR ^ 3) - A * VR * VR + 3 * VR - 1 

790 DERIV1 = 3 * PR * VR * VR - 2 * A * VR + 3 

800 VR1 = VR - FU1 / DERIV1 

805 E10 = ABS(VR1 - VR) 

807 PRINT #1, VR, VR1 

810 IF E10 < .001 THEN 840 

820 VR = VR1 

830 GOTO 785 

840 RETURN 

1000 DATA 0.60,0.375 

1010 DATA 0.10 

1050 CLOSE #1 

9999 END 
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Table 2 - Output of BASIC Program VDWCSVP.BAS 

 

 

      For TR = 0.6 

 

 .5            .4277457  

 .4277457      .4324403  

 .4324403      .4324605  

 15            14.34884  

 14.34884      14.28245  

 14.28245      14.28178  

 .1            .0857638  

 .5            .4278603  

 .4278603      .4326006  

 .4326006      .4326215  

 15            17.74077  

 17.74077      17.03362  

 17.03362      16.96877  

 16.96877      16.96824  

 .0857638      .0868612  

 .5            .4278514  

 .4278514      .4325883  

 .4325883      .432609  

 15            17.30029  

 17.30029      16.76759  

 16.76759      16.73043  

 16.73043      16.73026  

 .0868612      .0868693  

 

REDT          RED VP        VRL           VRV 

 .6            .0868693      .4325883      16.73043 
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Table 3 - BASIC Program Listing for RKCSVP.BAS 

 

2 OPEN "RKCSVP.OUT" FOR OUTPUT AS #1 

5 READ TR, ZC 

10 READ PREST 

12 C = 2 ^ (.333) - 1 

15 PR = PREST 

17 REM F=1 LIQUID; F=2 VAPOR 

20 F = 1 

25 GOSUB 760 

27 VRL = VR 

30 ZL = ZC * PR * VRL / TR 

32 Q1 = PR * (VRL - C) / (3 * TR) 

34 Q2 = 3 * C * C * (TR ^ 1.5) 

35 LNPHIL = (ZL - 1) - LOG(Q1) + (LOG(VRL / (VRL + C))) / Q2 

40 F = 2 

45 GOSUB 760 

47 VRV = VR 

50 ZV = ZC * PR * VRV / TR 

52 Q3 = PR * (VRV - C) / (3 * TR) 

55 LNPHIV = (ZV - 1) - LOG(Q3) + (LOG(VRV / (VRV + C))) / Q2 

60 FU = LNPHIV - LNPHIL 

65 DERIV = ZC * (VRV - VRL) / TR 

70 PR1 = PR - FU / DERIV 

75 E1 = ABS(PR1 - PR) 

80 PRINT #1, PR, PR1 

85 IF E1 < .001 THEN 100 

90 PR = PR1 

95 GOTO 20 

100 PRINT #1, "REDT", "REDVP", "VRL", "VRV" 

105 PRINT #1, TR, PR1, VRL, VRV 

110 GOTO 1050 

760 REM SUBROUTINE FOR CALCULATING RED. VOLUMES 

765 IF F = 1 THEN 780 

770 VR = 100 

775 GOTO 782 

780 VR = .35 

782 A = C * PR * SQR(TR) 

783 B = 3 * C * (TR ^ 1.5) 

784 D = (C ^ 3) * PR * SQR(TR) + 3 * C * C * (TR ^ 1.5) - 1 

785 FU1 = A * (VR ^ 3) - B * VR * VR - D * VR - C 

790 DERIV1 = 3 * A * VR * VR - 2 * B * VR - D 

800 VR1 = VR - FU1 / DERIV1 

805 E10 = ABS(VR1 - VR) 

807 PRINT #1, VR, VR1 

810 IF E10 < .001 THEN 840 

820 VR = VR1 

830 GOTO 785 

840 RETURN 

1000 DATA 0.60,0.333 

1010 DATA 0.02 

1050 CLOSE #1 

9999 END 

  



22 

 
Table 4 - Output of BASIC Program RKCSVP.BAS 

 

 

For TR = 0.6 

 

 

 .35           .3297982  

 .3297982      .3300168  

 100           89.98344  

 89.98344      87.57161  

 87.57161      87.43333  

 87.43333      87.43289  

 .02           .0202297  

 

REDT      REDVP          VRL       VRV 

 .6       .0202297     .3297982   87.43333 

 


