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1 Nomenclature 

Thermodynamic quantities: 
f Specific Helmholtz free energy 
h Specific enthalpy  
p Pressure 
s Specific entropy 
T Absolute temperature a  

v Specific volume 
 Difference in any quantity 
 Reduced enthalpy,    h/h* 

 Reduced temperature   T/T * 
 Reduced pressure,     p/p* 

 Density 
 Reduced entropy,    s/s* 
 Reduced volume,    v/v* 

x Vapor fraction 

Root-mean-square value: 

2
RMS

1

1
( )

N

n
n

x x
N 

    

where xn can be either absolute or 
percentage difference between the 
corresponding quantities x; N is the 
number of xn values (100 million points 
uniformly distributed over the range of 
validity in the p-T plane). 

Superscripts: 
01 Equation of IAPWS-IF97-S01 
97 Quantity or equation of IAPWS-IF97 
* Reducing quantity 
' Saturated liquid state 
" Saturated vapor state  
Subscripts:  
1 Region 1 
2 Region 2 
3 Region 3 
3a Subregion 3a 

3b Subregion 3b 
3ab Boundary between subregions 3a and 3b 
4 Region 4 
5 Region 5 
B23 Boundary between regions 2 and 3 
c Critical point 
it Iterated quantity  
max Maximum value of a quantity  
RMS Root-mean-square value of a quantity 
sat Saturation state 
tol Tolerance, range of accepted value of a 

quantity  

a Note: T denotes absolute temperature on the International Temperature Scale of 1990 (ITS-90). 
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2 Background 

The Industrial Formulation IAPWS-IF97 for the thermodynamic properties of water and 

steam [1, 2] contains basic equations, saturation equations and equations for the most often 

used backward functions  ,T p h  and  ,T p s  valid in the liquid region 1 and the vapor 

region 2; see Figure 1. The IAPWS-IF97 was supplemented by "Backward Equations for 

Pressure as a Function of Enthalpy and Entropy  ,p h s  to the Industrial Formulation 1997 

for the Thermodynamic Properties of Water and Steam" [4, 5], which is referred to here as 

IAPWS-IF97-S01, including equations for the backward function  ,p h s  valid in region 1 

and region 2. 
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Figure 1.   Regions and equations of IAPWS-IF97, IAPWS-IF97-S01, and the backward 
equations  ,T p h ,  ,v p h , and  ,T p s ,  ,v p s  of this release 

In modeling steam power cycles, thermodynamic properties as functions of the variables 

 ,p h  or  ,p s  are also required in region 3. It is difficult to perform these calculations with 

IAPWS-IF97, because two-dimensional iteration is required using the functions  ,p v T , 

 ,h v T  or  ,p v T ,  ,s v T  that can be explicitly calculated from the fundamental region 3 

equation  ,f v T . While these calculations are not frequently required in region 3, the 

relatively large computing time required for two-dimensional iteration can be significant in 

process modeling.  

In order to avoid such iterations, this release provides equations for the backward functions 

 3 ,T p h ,  3 ,v p h  and  3 ,T p s ,  3 ,v p s , see Figure 1. With temperature and specific 
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volume calculated from the backward equations, the other properties in region 3 can be 

calculated using the IAPWS-IF97 basic equation  97
3f v T, . 

In addition, boundary equations for the saturation pressure as a function of enthalpy 

 3satp h  and as a function of entropy  3satp s  for the saturated liquid and vapor lines of 

region 3 are provided. Using these equations, whether a state point is located in the single-

phase region or in the two-phase (wet steam) region can be determined without iteration. 

Section 4 contains the comprehensive description of the boundary equations. 

The numerical consistencies of all backward equations and boundary equations presented in 

Sections 3 and 4 with the IAPWS-IF97 basic equation are sufficient for most applications in 

heat cycle and steam turbine calculations. For applications where the demands on numerical 

consistency are extremely high, iterations using the IAPWS-IF97 basic equation may be 

necessary. In these cases, the backward or boundary equations can be used for calculating 

very accurate starting values. The time required to reach the convergence criteria of the 

iteration will be significantly reduced. 

The presented backward and boundary equations can only be used in their ranges of validity 

described in Sections 3.2, 4.3, and 4.4. They should not be used for determining any 

thermodynamic derivatives.  

In any case, depending on the application, a conscious decision is required whether to use 

the backward or boundary equations or to calculate the corresponding values by iterations 

from the basic equation of IAPWS-IF97. 

3 Backward Equations Tp,h, vp,h, Tp,s, and vp,s for Region 3 

3.1 Numerical Consistency Requirements 

The permissible value for the numerical consistency 
tol

25 mKT   of the backward 

functions  3 ,T p h  and  3 ,T p s  with the basic equation  97
3f v T,  was determined by 

IAPWS [6, 7] as a result of an international survey.  

The permissible value tolv  for the numerical consistency for the equations  3 ,v p h  and 

 3 ,v p s  can be estimated from the total differentials 

tol tol tol
h T

v v
v T h

T h

               
   and   tol tol tol

s T

v v
v T s

T s

               
 , 

where 
 

  h

v

T
, 

 
  T

v

h
, 

 
  s

v

T
, and 

 
  T

v

s
 are derivatives [8] calculated from the IAPWS-

IF97 basic equation and tolh  and tols  are values determined by IAPWS for the adjacent 
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region 1 and subregion 2c [9], see Table 1.  The resulting permissible specific volume 
difference is 

tol
0.01 % v v  for both functions  3 ,v p h  and  3 ,v p s .  

At the critical point  3
c c647 096 K, 1 322 kg mT v    . /  [10], more stringent consistency 

requirements were arbitrarily set. These were 
tol

0.49 mKT   and 
tol

0.0001 % v v . 

Table 1.  Numerical consistency values 
tol

T  of [6] required for  3 ,T p h  and 

 3 ,T p s , values 
tol

h , 
tol

s of [9], and resulting tolerances 
tol

v v  

required for  3 ,v p h  and  3 ,v p s  

 tol
T  

tol
h  

tol
s  

tol
v v  

 Region 3 25 mK 80 1J kg 0.1 1 1J kg K   0.01 % 

 Critical Point 0.49 mK - - 0.0001 % 

3.2 Structure of the Equation Set 

The equation set consists of backward equations  ,T p h ,  ,v p h  and  ,T p s ,  ,v p s  for 

region 3. Region 3 is defined by:  

623.15 K  T  863.15 K  and  97
B23p T  p  100 MPa ,

where 97
B23p  represents the B23 equation of IAPWS-IF97. Figure 2 shows the way in which 

region 3 is divided into the two subregions 3a and 3b.  

The boundary between the subregions 3a and 3b corresponds to the critical isentropic line  
1 1

c 4.412 021 482 234 76 kJ kg K  s s ; 

see Figure 2. For the functions  ,T p s  and  ,v p s , input points can be tested directly to 

identify the subregion since the specific entropy is an independent variable.  

In order to decide which  ,T p h ,  ,v p h  equation, 3a or 3b, must be used for given values 

of p and h, the boundary equation  3abh p , Eq. (1), has to be used; see Figure 2. This 

equation is a polynomial of the third degree and reads 

 3ab 2 3
1 2 3 4( )

h p
n n n n

h
           ,  (1) 

where   h h and   p p with 11 kJ kg h and 1 MPap  . The coefficients 1n to 4n  

of Eq. (1) are listed in Table 2. The range of the equation  3abh p  is from the critical point to 

100 MPa. The related temperature at 100 MPa is T 762.380 873 481 K. Equation (1) does 

not exactly describe the critical isentropic line.  
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Figure 2.  Division of region 3 into two subregions 3a and 3b for the backward 
equations  ,T p h ,  ,v p h  and  ,T p s ,  ,v p s    

Table 2.  Numerical values of the coefficients of the equation  3abh p in 
its dimensionless form, Eq. (1), for defining the boundary 
between subregions 3a and 3b 

i ni i ni 

    
    

The maximum specific entropy deviation was determined as 

    97 97 97 1 1
3ab 3 it 3ab it 3ab cmax max

, ( ) , , ( ) 0.66 J kg Ks s T p h p v p h p s       , 

where 97
itT  and 97

itv  were obtained by iterations using the derivatives  97
3p v T,  and  97

3s v T,  

of the IAPWS-IF97 basic equation for region 3. 
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Equation (1) does not correctly reproduce the isentropic line cs s  at pressures lower than 

cp . However, the calculated values  3abh p  are not higher than the enthalpy on the saturated 

vapor line and not lower than the enthalpy on the saturated liquid line. 

For computer-program verification, Eq. (1) gives the following p-h point: 

p    MPa ,   3 1
3ab 2.095 936 454 10 kJ kg h p . 

3.3 Backward Equations Tp,h and vp,h for Subregions 3a and 3b 

The Equations Tp,h.  The backward equation  3a ,T p h  for subregion 3a has the 

following dimensionless form: 

     
31

3a
3a

1

( , )
, 0.6150.240 ii JI

i
i

T p h
n

T
   


   , (2) 

where T T  ,   p p , and   h h , with 760 K T , 100 MPa p , and 
12300 kJ kg h . The coefficients ni and exponents Ii and Ji of Eq. (2) are listed in Table 3. 

The backward equation  3b ,T p h  for subregion 3b reads in its dimensionless form 

     
33

3b
3b*

1

( , )
, 0.7200.298 ii JI

i
i

T p h
n

T
   


   , (3) 

where T T  ,   p p , and   h h , with 860 K T , 100 MPa p , and 
12800 kJ kg h . The coefficients ni and exponents Ii and Ji of Eq. (3) are listed in Table 4. 

Table 3.  Coefficients and exponents of the backward equation  3a ,T p h  for subregion 3a in its 
dimensionless form, Eq. (2) 

i Ii Ji ni i Ii Ji ni 

          
          
          
          
          
         
          
         
          
          
          
          
          
          
         
       
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Table 4.  Coefficients and exponents of the backward equation  3b ,T p h  for subregion 3b in its 
dimensionless form, Eq. (3) 

i Ii Ji ni i Ii Ji ni 

        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
      

Computer-program verification. To assist the user in computer-program verification of 

Eqs. (2) and (3), Table 5 contains test values for calculated temperatures.  

Table 5.  Selected temperature values calculated from Eqs. (2) and (3) a 

 

 

 

 

 

  

The Equations vp,h. The backward equation  3a ,v p h  for subregion 3a has the 

following dimensionless form: 

     
32

3a
3a

1

( , )
0.128 0.727, i iI J

i
i

v p h
n

v
   


    , (4) 

where   v v ,   p p , and   h h , with 3 10.0028 m kgv  , 100 MPa p , and 
12100 kJ kg h . The coefficients ni and exponents Ii and Ji of Eq. (4) are listed in Table 6. 

Equation p / MPa h / 1kJ kg  T / K 

   
 3a ,T p h , Eq. (2)   

   
   

 3b ,T p h , Eq. (3)   
   

a It is recommended that programmed functions be verified using 8 byte 
real values for all variables.
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The backward equation  3b ,v p h  for subregion 3b reads in its dimensionless form 

     
30

3b
3b

1

( , )
0.0661 0.720, i iI J

i
i

v p h
n

v
   


    , (5) 

where   v v ,   p p , and   h h , with 3 10.0088 m kgv  , 100 MPa p , and 
12800 kJ kg h . The coefficients ni and exponents Ii and Ji of Eq. (5) are listed in Table 7. 

Table 6.  Coefficients and exponents of the backward equation  3a ,v p h  for subregion 3a in its 
dimensionless form, Eq. (4) 

i Ii Ji ni i Ii Ji ni 

        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        

Table 7.  Coefficients and exponents of the backward equation  3b ,v p h  for subregion 3b in its 
dimensionless form, Eq. (5) 

i Ii Ji ni i Ii Ji ni 

        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
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Computer-program verification. To assist the user in computer-program verification of 

Eqs. (4) and (5), Table 8 contains test values for calculated specific volumes. 

Table 8.  Selected specific volume values calculated from Eqs. (4) and (5) a 

Equation p / MPa h / 1kJ kg  v / 3 1m kg  

   
 3a ,v p h , Eq. (4)   

   
   

 3b ,v p h , Eq. (5)   
   

a It is recommended that programmed functions be verified using 8 byte 
real values for all variables.

Numerical Consistency with the Basic Equation of IAPWS-IF97. The maximum 

temperature differences and related root-mean-square differences between the calculated 

temperature Eqs. (2) and (3) and the IAPWS-IF97 basic equation 97
3 ( , )f v T  in comparison 

with the permissible differences are listed in Table 9. The calculation of the root-mean-square 

values is described in Section 1. 

Table 9 also contains the maximum relative deviations and root-mean-square relative 

deviations for specific volume of Eqs. (4) and (5) from IAPWS-IF97.  

The critical temperature and the critical volume are met exactly by the equations  ,T p h  

and  ,v p h . 

Table 9.  Maximum differences and root-mean-square differences of the temperature 
calculated from Eqs. (2) and (3) and specific volume calculated from Eqs. (4) and 
(5) to the IAPWS-IF97 basic equation 97

3 ( , )f v T  and related permissible values   

Subregion Equation tol
T  

max
T  

RMS
T  

3a (2) 25 mK 23.6 mK 10.5 mK 

3b (3) 25 mK 19.6 mK 9.6 mK 

Subregion Equation tol
v v  

max
v v  

RMS
v v  

3a (4) 0.01 % 0.0080 % 0.0032 % 

3b (5) 0.01 % 0.0095 % 0.0042 % 

Consistency at Boundary Between Subregions.  The maximum temperature difference 

between the two backward equations, Eq. (2) and Eq. (3), along the boundary  3abh p , 

Eq. (1), has the following value 

     3a 3ab 3b 3abmax max
, , 0.37 mKT p h T p hp pT    . 
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Thus, the temperature differences between the two backward functions  ,T p h  of the 

adjacent subregions are smaller than the numerical consistencies with the IAPWS-IF97 

equations.  

The relative specific volume differences between the two backward equations  ,v p h  of 

the adjacent subregions 3a and 3b are also smaller than the numerical consistencies of these 

equations with the IAPWS-IF97 basic equation. Along the boundary  3abh p , Eq. (1), the 

maximum difference between the corresponding equations was determined as: 

     
  

3a 3ab 3b 3ab

max 3b 3ab max

, ,
0.00 %

,
015

v p h v p hp pv
v p h pv

    . 

3.4 Backward Equations Tp,s and vp,s for Subregions 3a and 3b 

The Equations T(p,s).  The backward equation  3a ,T p s  for subregion 3a has the 

following dimensionless form: 

     
33

3a
3a

1

( , )
, 0.240 0.703i iI J

i
i

T p s
n

T
    


    , (6) 

where T T  ,   p p , and   s s , with 760 K T , 100 MPa p , and 
1 14.4 kJ kg K  s . The coefficients ni and exponents Ii and Ji of Eq. (6) are listed in 

Table 10.  

The backward equation  3b ,T p s  for subregion 3b reads in its dimensionless form 

     
28

3b
3b

1

( , )
, 0.760 0.818i iI J

i
i

T p s
n

T
    


    , (7) 

where T T  ,   p p , and   s s , with 860 K T , 100 MPa p , and 
1 15.3 kJ kg K  s . The coefficients ni and exponents Ii and Ji of Eq. (7) are listed in 

Table 11.  

Computer-program verification 

To assist the user in computer-program verification of Eqs. (6) and (7), Table 12 contains 

test values for calculated temperatures.  
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Table 10.  Coefficients and exponents of the backward equation  3a ,T p s  for subregion 3a in its 
dimensionless form, Eq. (6) 

i Ii Ji ni i Ii Ji ni 

        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
      

Table 11.  Coefficients and exponents of the backward equation  3b ,T p s  for subregion 3b in its 
dimensionless form, Eq. (7)  

i Ii Ji ni i Ii Ji ni 

        
        
        
        
        
        
        
        
        
        
        
        
        
        
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Table 12.  Selected temperature values calculated from Eqs. (6) and (7)a 

Equation p / MPa s / 1 1kJ kg K  T / K 

  3.8 6.282 959 869  
 3a ,T p s , Eq. (6)  3.6 6.297 158 726  

  4.0 7.056 880 237  
  5.0 6.401 176 443  

 3b ,T p s , Eq. (7)  4.5 7.163 687 517  
  5.0 8.474 332 825  

a It is recommended that programmed functions be verified using 8 byte 
real values for all variables. 

The Equations v(p,s). The backward equation  3a ,v p s for subregion 3a has the 

following dimensionless form: 

     
28

3a
3a

1

( , )
0.187 0.755, i iI J

i
i

v p s
n

v
   


    , (8) 

where   v v ,   p p , and   s s , with 3 10.0028 m kgv  , 100 MPa p , and 
1 14.4 kJ kg K  s . The coefficients ni and exponents Ii and Ji of Eq. (8) are listed in 

Table 13.  

The backward equation  3b ,v p s  for subregion 3b reads in its dimensionless form 

     
31

3b
3b

1

( , )
0.298 0.816, i iI J

i
i

v p s
n

v
   


    ,  (9) 

where   v v ,   p p , and   s s , with 3 10.0088 m kgv  , 100 MPa p , and 
1 15.3 kJ kg K  s . The coefficients ni and exponents Ii and Ji of Eq. (9) are listed in 

Table 14. 

Computer-program verification. To assist the user in computer-program verification of 

Eqs. (8) and (9), Table 15 contains test values for calculated specific volumes.  
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Table 13.  Coefficients and exponents of the backward equation  3a ,v p s  for subregion 3a in its 
dimensionless form, Eq. (8).  

i Ii Ji ni i Ii Ji ni 

        
        
        
        
        
        
        
        
        
        
        
        
        
        

Table 14. Coefficients and exponents of the backward equation  3b ,v p s  for subregion 3b in its 
dimensionless form, Eq. (9) 

i Ii Ji ni i Ii Ji ni 

        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
      
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Table 15. Selected specific volume values calculated from Eqs. (8) and (9) a 

Equation p / MPa s / 1 1kJ kg K  v / 3 1m kg  

  3.8 1.733 791 463  
 3a ,v p s , Eq. (8)  3.6 1.469 680 170 

  4.0 1.555 893 131 
  5.0 6.262 101 987 

 3b ,v p s , Eq. (9)  4.5 2.332 634 294  
  5.0 2.449 610 757  

a It is recommended that programmed functions be verified using 8 byte 
real values for all variables. 

Numerical Consistency with the Basic Equation of IAPWS-IF97.  The maximum 

temperature differences and related root-mean-square differences between the temperatures 

calculated from Eqs. (6) and (7) and the IAPWS-IF97 basic equation 97
3 ( , )f v T  in comparison 

with the permissible differences are listed in Table 16. 

Table 16 also contains the maximum relative deviations and root-mean-square relative 

deviations for the specific volume of Eqs. (8) and (9) from IAPWS-IF97.  

The critical temperature and the critical volume are met exactly by the equations  ,T p s  

and  ,v p s . 

Table 16.  Maximum differences and root-mean-square differences of the 
temperature calculated from Eqs. (6) and (7), and specific volume 
calculated from Eqs. (8) and (9) from the IAPWS-IF97 basic equation 

97
3 ( , )f v T , and related permissible values 

Subregion Equation tol
T  

max
T  

RMS
T  

3a (6) 25 mK 24.8 mK 11.2 mK 

3b (7) 25 mK 22.1 mK 10.1 mK 

Subregion Equation tol
v v  

max
v v  

RMS
v v  

3a (8) 0.01 % 0.0096 % 0.0052 % 

3b (9) 0.01 % 0.0077 % 0.0037 % 

Consistency at Boundary Between Subregions.  The maximum temperature difference 

between the two backward equations, Eq. (6) and Eq. (7), along the boundary cs , has the 

following value 

   c c3a 3bmax max
0, , .0 3mK9p s p sT TT    . 

Thus, the temperature differences between the two backward functions  ,T p s  of the 

adjacent subregions are smaller than their differences with the IAPWS-IF97 equations. 
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The relative specific volume differences between the two backward equations  ,v p s , 

Eqs. (8) and (9), of the adjacent subregions are also smaller than the differences of these 

equations with the IAPWS-IF97 basic equation. Along the boundary cs , the maximum 

difference between the corresponding equations was determined as 

   
 

c c3a 3b

max c3b max

, ,
0.00 %6

,
04

p s p sv vv
p svv

    . 

3.5 Computing Time in Relation to IAPWS-IF97 

A very important motivation for the development of the backward equations  ,T p h , 

 ,v p h  and  ,T p s ,  ,v p s  for region 3 was reducing the computing time to obtain 

thermodynamic properties and differential quotients from given variables  ,p h  and  ,p s . 

In IAPWS-IF97, time-consuming iterations, e.g., the two-dimensional Newton method, are 

required. Using the  3 ,T p h ,  3 ,v p h ,  3 ,T p s  and  3 ,v p s equations, the calculation speed 

is about 20 times faster than that of the two-dimensional Newton method with convergence 

tolerances set to the values shown in Table 1.  

The numerical consistency of T and v obtained in this way is sufficient for most heat cycle 

calculations. 

For users not satisfied with the numerical consistency of the backward equations, the 

equations are still recommended for generating starting points for the iterative process. They 

will significantly reduce the time required to reach the convergence criteria of the iteration. 

4 Boundary Equations psat(h) and psat(s) for the Saturation Lines of 
Region 3 

4.1 Determination of the Region Boundaries for Given Variables (p,h) and (p,s) 

The boundaries between region 3 and the two-phase region 4 are the saturated liquid line 

0x   and saturated vapor line 1x  ; see Figures 3 and 4. A one-dimensional iteration using 

the IAPWS-IF97 basic equation 97
3 ( , )f v T  and the saturation-pressure equation  97

satp T  is 

required to calculate the enthalpy or entropy from a given pressure on the saturated liquid or 

saturated vapor lines of region 3. The boundary equations  3satp h  and  3satp s , provided in 

this release, make it possible to determine without iteration whether the given state point is 

located in the two-phase region 4 or in the single-phase region 3. 

The boundary between regions 1 and 3 can be calculated directly from a given pressure p 

and from 623.15 KT   using the IAPWS-IF97 basic equation 97
1 ( , )g p T . The boundary 

between regions 2 and 3 can be calculated directly from given pressure p and from the B23-

equation  97
B23T T p  of IAPWS-IF97 and using the IAPWS-IF97 basic equation 97

2 ( , )g p T . 
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h'(623.15 K) hc h''(623.15 K)  h / kJ kg 1  
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100
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50

 

Figure 3. Illustration of IAPWS-IF97 region 3 and the boundary equation  3satp h   

in a p-h diagram 

 

s'(623.15 K) sc s''(623.15 K)  s / kJ kg 1 K 1  
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50

 

Figure 4. Illustration of IAPWS-IF97 region 3 and the boundary equation  3satp s  

in a p-s diagram 

4.2 Numerical Consistency Requirements 

The required consistency of the boundary equations for the saturation lines of region 3 result 

from IAPWS requirements on backward functions. Therefore, the backward functions 

( , )T p h , ( , )v p h , ( , )T p s , and ( , )v p s  have to fulfill their numerical consistency requirements 

when using the boundary equations  3satp h  and  3satp s  for determining the region of a 

given state point. 

4.3 Boundary Equations psat(h) and psat(s)   

The Equation p3sat(h).  The equation  3satp h  describes the saturated liquid line and the 

saturated vapor line including the critical point in the enthalpy range (see Figure 3): 

   ' 623.15 K " 623.15 Kh h h  ,  

where   3 1' 623.15 K 1.670 858 218 10 kJ kg h , 

 and   3 1'' 623.15 K 2.563 592 004 10 kJ kg h .  
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The boundary equation  3satp h  has the following dimensionless form: 

     
14

3sat

1

( )
1.02 0.608   


    i iI J

i
i

p h
n

p
, (10) 

where   p p  and   h h , with 22 MPa p  and 12600 kJ kg h . The coefficients 

ni and exponents Ii and Ji of Eq. (10) are listed in Table 17. 

Table 17.  Coefficients and exponents of the boundary equation  3satp h  in its dimensionless form, 
Eq. (10) 

i Ii Ji ni i Ii Ji ni 

       
       
       
       
       
       
       

 

Computer-program verification. To assist the user in computer-program verification of 

Eq. (10), Table 18 contains test values for calculated pressures. 

Table 18.  Selected pressure values calculated from Eq. (10)a 

 

 

 

 

Equation p3sat(s). The equation  3satp s  describes the saturated liquid line and the 

saturated vapor line including the critical point in the entropy range (see Figure 4): 

   ' 623.15 K " 623.15 Ks s s  ,  

where   1 1' 623.15 K 3.778 281 340 kJ kg K s , 

and   1 1'' 623.15 K 5.210 887 825 kJ kg K s . 

Equation h / 1kJ kg  p / MPa  

  

 3satp h , Eq. (10)  
  

a It is recommended that programmed functions be verified using 
8 byte real values for all variables.
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The boundary equation  3satp s  has the following dimensionless form: 

     
10

3sat

1

( )
1.03 0.699   


    i iI J

i
i

p s
n

p
, (11) 

where   p p  and   s s , with 22 MPa p  and 1 15.2 kJ kg K  s . The 

coefficients ni and exponents Ii and Ji of Eq. (11) are listed in Table 19. 

Table 19.  Coefficients and exponents of the boundary equation  3satp s  in its dimensionless form, 
Eq. (11) 

i Ii Ji ni i Ii Ji ni 

       
       
       
       
       

 

Computer-program verification. To assist the user in computer-program verification of 

Eq. (11), Table 20 contains test values for calculated pressures. 

Table 20.  Selected pressure values calculated from Eq. (11)a 

 

 

 

 

Numerical Consistency with the Saturation-Pressure Equation of IAPWS-IF97.  The 

maximum percentage deviation between the pressure calculated from the boundary equation 

 3satp h , Eq. (10), and the IAPWS-IF97 saturation-pressure equation 97
sat( )p T  has the 

following value  

 
   

 

97
3sat sat

97
satmax max

0.00043 %


 
p h p Tp

p p T
. 

Equation s / 1 1kJ kg K  p / MPa  

  

 3satp s , Eq. (11)  
  

a  It is recommended that programmed functions be verified using 
8 byte real values for all variables.
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The maximum percentage deviation between the calculated pressure  3satp s , Eq. (11), and 

the IAPWS-IF97 saturation-pressure equation 97
sat( )p T  has the following value  

   
 

97
3sat sat

97
satmax max

0.0033 %


 
p s p Tp

p p T
. 

Consistency of the Backward Equations T(p,h), v(p,h), T(p,s), and v(p,s) with the Basic 

Equation of IAPWS-IF97 along the Boundary Equations psat(h) and psat(s).    The maximum 

temperature differences between the backward equations  3a ,T p h , Eq. (2), and  3b ,T p h , 

Eq. (3), and the IAPWS-IF97 basic equation 97
3 ( , )f v T  along the boundary equation 

 3satp h , Eq. (10), in comparison with the permissible differences are listed in Table 21. The 

temperature differences were calculated as  97 97
3 3sat 3 3,T T p h h T     . The function 3T  

represents the calculation of  ,T p h  using the backward equations of subregions 3a and 3b, 

Eqs. (2) and (3). 

Table 21.  Maximum differences of temperature and specific volume 
calculated from Eqs. (2), (3), (4), and (5) from the IAPWS-
IF97 basic equation 97

3f v T( , )  along the boundary equation 
 3satp h , Eq. (10), and related permissible values 

Subregion Equation tol
T  

max
T  

3a (2) 25 mK 0.47 mK 

3b (3) 25 mK 0.46 mK 
    

Subregion Equation tol
/v v  

max
/v v  

3a (4) 0.01 % 0.00077 % 

3b (5) 0.01 % 0.0012 % 

Furthermore, Table 21 contains the maximum percentage differences of specific volume 

between the backward equations  3a ,v p h , Eq. (4), and  3b ,v p h , Eq. (5), and the IAPWS-

IF97 basic equation 97
3 ( , )f v T  along the boundary equation  3satp h , Eq. (10). The relative 

differences of specific volume were calculated as   97 97
3 3sat 3 3/ ,v v v p h h v v     . The 

function 3v  represents the calculation of  ,v p h  using the backward equations of subregions 

3a and 3b, Eqs. (4) and (5). 

The maximum temperature differences and the maximum relative differences of specific 

volume are smaller than the permissible values. Therefore, the numerical consistency of the 

boundary equation  3satp h , Eq. (10), is sufficient. 
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The maximum temperature differences between the backward equations  3a ,T p s , Eq. (6), 

and  3b ,T p s , Eq. (7), and the IAPWS-IF97 basic equation 97
3 ( , )f v T  along the boundary 

equation  3satp s , Eq. (11), in comparison with the permissible differences are listed in 

Table 22. The temperature differences were calculated as  97 97
3 3sat 3 3,T T p s s T     . The 

function 3T  represents the calculation of  ,T p s  using the backward equations of subregions 

3a and 3b, Eqs. (6) and (7).  

Table 22.  Maximum differences of temperature and specific volume 
calculated from Eqs. (6), (7), (8), and (9) to the IAPWS-IF97 
basic equation 97

3f v T( , )  along the boundary equation 
 3satp s , Eq. (11), and related permissible values 

Subregion Equation tol
T  

max
T  

3a (6) 25 mK 2.69 mK 

3b (7) 25 mK 2.12 mK 
    

Subregion Equation tol
/v v  

max
/v v  

3a (8) 0.01 % 0.0034 % 

3b (9) 0.01 % 0.0020 % 

Furthermore, Table 22 contains the maximum percentage differences of specific volume 

between the backward equations  3a ,v p s , Eq. (8), and  3b ,v p s , Eq. (9), and the IAPWS-

IF97 basic equation 97
3 ( , )f v T  along the boundary equation  3satp s , Eq. (11). The relative 

differences of specific volume were calculated as   97 97
3 3sat 3 3/ ,v v v p s s v v    

. The 

function 3v  represents the calculation of  ,v p s  using the backward equations of subregions 

3a and 3b, Eqs. (8) and (9). 

The maximum temperature differences and the maximum relative differences of specific 

volume are smaller than the permissible values. Therefore, the numerical consistency of the 

boundary equation  3satp s , Eq. (11), is sufficient. 

4.4 Computing Time in Relation to IAPWS-IF97  

A very important motivation for the development of the equations for saturation lines of 

region 3 was reducing the computing time to determine the region for a given state point 

 ,p h  and  ,p s . In IAPWS-IF97, time-consuming iterations, e.g., the Newton method, are 

required. By using equations  3satp h , Eq. (10), and  3satp s , Eq. (11), the calculation to 

determine the region is about 60 times faster than that of the two-dimensional Newton 

method. 
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