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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

z z
N

 

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

Superscripts: 

97 Quantity or equation of IAPWS-IF97 
01 Equation of IAPWS-IF97-S01 
03 Equation of IAPWS-IF97-S03 
* Reducing quantity 
' Saturated liquid state 
" Saturated vapor state  

Subscripts:  

1 Region 1 
2 Region 2 
2a Subregion 2a 
2b Subregion 2b 
2c Subregion 2c 
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 
B13 Boundary between regions 1 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). 



 4

2 Background 

The IAPWS Industrial Formulation 1997 for the thermodynamic properties of water and 

steam (IAPWS-IF97) [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. IAPWS-IF97 was supplemented by 

"Backward Equations for Pressure as a Function of Enthalpy and Entropy  ,p h s  to the 

IAPWS Industrial Formulation 1997 for the Thermodynamic Properties of Water and 

Steam" [4, 5], which is referred to here as IAPWS-IF97-S01. These equations are valid in 

region 1 and region 2. An additional supplementary release "Backward Equations for the 

Functions  ,T p h ,  ,v p h  and  ,T p s ,  ,v p s  for Region 3 of the IAPWS Industrial 

Formulation 1997 for the Thermodynamic Properties of Water and Steam" [6, 7], which is 

referred to here as IAPWS-IF97-S03, was adopted by IAPWS in 2003. 
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Figure 1.  Regions and equations of IAPWS-IF97, IAPWS-IF97-S01, IAPWS-IF97-S03, 

and equations  3 ,p h s  of this release 

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

enthalpy and entropy  ,h s  are also required in region 3. With IAPWS-IF97, these 

calculations require two-dimensional iteration of specific volume v and temperature T 

using the functions  ,h v T  and  ,s v T  that can be explicitly calculated from the basic 

equation of region 3  ,f v T . With specific volume and temperature, the other properties 

in region 3 can be calculated. While these calculations are not frequently required in 
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region 3, the relatively large computing time required for two-dimensional iteration can be 

significant. 

In order to avoid such iterations, this release provides an explicit calculation of the 

functions  ,v h s  and  ,T h s  in region 3.  

However, extensive test calculations have shown that is it not possible to set up explicit 

backward equations for the functions  3 ,T h s  and  3 ,v h s  that meet the IAPWS 

requirements for numerical consistency. Therefore, equations for the backward function 

 3 ,p h s were developed, see Figure 1. With the pressure p, the temperature can be 

calculated from the IAPWS-IF97-S03 backward equation  03
3 ,T p h 1), and the specific 

volume can be calculated from the IAPWS-IF97-S03 backward equation  03
3 ,v p s 2). 

Since IAPWS provides explicit equations for functions with independent variables  ,h s  

in liquid region 1, vapor region 2 and region 3 (this supplementary release), these functions 

can be calculated without iteration. However, iteration is necessary to find the region for 

the given variables  ,h s . In order to avoid such iterations, this release provides equations 

as functions of h and s for the region boundaries. Section 4 contains the comprehensive 

description of these equations. 

In modeling power cycles and steam turbines, thermodynamic properties as a function of 

the variables  ,h s  are also required for region 4, the two-phase vapor/liquid (wet steam) 

region. These calculations require a one-dimensional iteration using the saturation-pressure 

equation and the basic equations. In order to avoid such iterations, this release provides an 

equation  sat ,T h s  for the two-phase region. With the temperature T, the pressure p can be 

calculated by using the IAPWS-IF97 saturation-pressure equation  97
satp T , and the vapor 

fraction x can be calculated explicitly by using the IAPWS-IF97 basic equations. The 

comprehensive description of the equation  sat ,T h s  can be found in Section 5. 

The numerical consistencies of all backward equations presented in Sections 3, 4, and 5 

with the IAPWS-IF97 basic equations 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 equations may be necessary. In 

these cases, the backward 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. 

                                                 
1) The alternative use of the IAPWS-IF97-S03 backward equation  03

3 ,T p s  leads to worse numerical 

consistency. 
2) The alternative use of the IAPWS-IF97-S03 backward equation  03

3 ,v p h  leads to worse numerical 

consistency. 
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The backward equations presented here can only be used in their range of validity 

described in Sections 3.2, 4.3, 4.4, 4.5, 4.6, and 5.3. 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 equations or to calculate the corresponding values by iteration from the basic 

equation of IAPWS-IF97. 

3 Backward Functions p(h,s), T(h,s), and v(h,s) for Region 3 

3.1 Numerical Consistency Requirements 

For numerical consistency, the maximum permissible temperature difference 

tol
25 mKT   between the backward function  3 ,T h s  and the basic equation  97

3f v T,  

was determined by IAPWS [8] for the backward functions  03
3 ,T p h  and  03

3 ,T p s .  

The tolerance 
tol

0.01%v v   of the backward function  3 ,v h s  is the IAPWS 

requirement for the backward functions  03
3 ,v p h  and  03

3 ,v p s  [6, 7]. 

In order to fulfill the required numerical consistency of the functions  3 ,T h s  and 

 3 ,v h s , the relative maximum deviation between the pressure calculated from the 

backward equation  3 ,p h s  and the IAPWS-IF97 basic equation  97
3f v T,  must be 

smaller than 0.01% . 

At the critical point  3
c c c647 096 K, 1 322 kg m , 22 064 MPaT v p   

 
. / .  [10], 

more stringent consistency requirements were arbitrarily set. These were 

tol
0.49 mKT  , 

tol
0.0001 % v v , and 

tol
0.002 %p p  . 

Table 1 shows the resulting permissible values for the numerical consistency of the 

backward functions  3 ,T h s ,  3 ,v h s , and  3 ,p h s  with the basic equation  97
3f v T, . 

Table 1.  Numerical consistency values 
tol

T  of [8] required for  3 ,T h s , tolerances 

tol
v v  of [6, 7] required for  3 ,v h s , and tolerances 

tol
p p  required for 

 3 ,p h s  

 tol
T  

tol
v v  

tol
p p  

Region 3 25 mK 0.01 % 0.01 % 

Critical Point 0.49 mK 0.0001 % 0.002 % 
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3.2 Structure of the Equation Set 

The equation set consists of backward equations  ,p h 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. The division of region 3 into 

subregions for the backward equations  3 ,p h s  is identical to the division for the 

backward equations  03
3 ,T p h ,  03

3 ,v p h  and  03
3 ,T p s ,  03

3 ,v p s , see Figure 2. 

 

Figure 2.  Division of region 3 into two subregions 3a and 3b for the 
backward equations  ,p h s  

Table 2 shows the decisions that have to be made in order to find the correct subregion 

for the function  ,p h s .  

Table 2.  Criteria for finding the correct subregion, 
3a or 3b, for the backward function  ,p h s  

Backward Function  ,p h s  

 Subregion 
 3a 3b 

for p < cp : h   3a
'h s   h   2c3b

"h s

for p  cp : s  cs   s > cs   

 

For pressures greater than or equal to cp , 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 , 
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see Figure 2. For the functions  ,p h s , input points can be tested directly to identify the 

subregion since the specific entropy is an independent variable.  

 

3.3 Backward Equations p(h,s) 

The Equations. The backward equation  3a ,p h s  for subregion 3a has the following 

dimensionless form: 

     
33

3a
3a

1

( , )
, 1.01 0.750i iI J

i
i

p h s
n

p 
        , (1)  

where   p p ,   h h , and  s s , with 99 MPap  , 12300 kJ kg h , and 
1 14.4 kJ kg K  s . The coefficients ni and exponents Ii and Ji of Eq. (1) are listed in 

Table 3. 

The backward equation  3b ,p h s  for subregion 3b has the dimensionless form 

     
35

3b 3b 1

1
, 0.681 0.792

( , )
i iI J

i
i

p
n

p h s




      
 , (2) 

where   p p ,   h h , and  s s , with 16.6 MPa p , 12800 kJ kg h , and 
1 15.3 kJ kg K  s . The coefficients ni and exponents Ii and Ji of Eq. (2) are listed in 

Table 4. 

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

of Eqs. (1) and (2), Table 5 contains test values for calculated pressures.  
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Table 3.  Coefficients and exponents of the backward equation  3a ,p h s  for subregion 3a in its 

dimensionless form, Eq. (1) 

i Ii Ji ni i Ii Ji ni 

       
       
       
       
       
       
       
       
       
       
       
       
       
       
       
       
    

Table 4.  Coefficients and exponents of the backward equation  3b ,p h s  for subregion 3b in its 

dimensionless form, Eq. (2) 

i Ii Ji  ni i Ii Ji ni 
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Table 5.  Selected pressure values calculated from Eqs. (1) and (2)a 

 

 

 

 

 

 

  

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

deviations and root-mean-square relative deviations between the calculated pressure, 

Eqs. (1) and (2), and the IAPWS-IF97 basic equation 97
3 ( , )f v T  together with the 

permissible differences are listed in Table 6. The calculation of the root-mean-square value 

is described in Section 1. 

The critical pressure is met exactly by the equations  3 ,p h s . 

Table 6.  Maximum differences and root-mean-square differences between the 
pressure calculated from Eqs. (1) and (2) and from the IAPWS-IF97 basic 
equation 97

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

Subregion Equation tol
p p  

max
p p  

RMS
p p  

3a (1) 0.01 % 0.0070 % 0.0030 % 

3b (2) 0.01 % 0.0084 % 0.0036 % 

 

Consistency at Boundary Between Subregions.  The maximum relative pressure deviation 

between the two backward equations, Eq. (1) and Eq. (2), along the boundary cs , has the 

following value 

   
 

3a 3bc c

3b cmax max

, ,
0.00074 %

,

p ph s h sp

p p h s


  . 

Thus, the relative pressure differences between the two backward equations  ,p h s  of the 

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

equations with the IAPWS-IF97 basic equation.  

 

Equation h / 1kJ kg s / 1 1kJ kg K  p / MPa 

   
 3a ,p h s , Eq. (1)   

   
   

 3b ,p h s , Eq. (2)   
   

a  It is recommended that programmed functions be verified using 8 byte real 
values for all variables.
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3.4 Backward Function T(h,s) 

Calculation of the Backward Function T(h,s). The  3 ,p h s  equations described in 

Section 3.3 together with the IAPWS-IF97-S03 backward equation  03
3 ,T p h 3) make it 

possible to determine temperature T from enthalpy h and entropy s without iteration. 

For calculating T from a given h and s in region 3, the following steps should be made:  

-  Use the entropy line cs  (see Figure 2) to identify the subregion (3a or 3b) for the given 

values of h and s. Then, calculate the pressure p using the equation  3a ,p h s , Eq. (1), 

or  3b ,p h s , Eq. (2). 

-  Use the IAPWS-IF97-S03 boundary equation  03
3abh p  to identify the subregion (3a or 

3b) for the given value of h and the previously calculated value of p. Then, calculate 

temperature T for the subregion using the backward equation 03
3a ( , )T p h  or 03

3b ( , )T p h . 

 

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

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

temperature and the IAPWS-IF97 basic equation 97
3 ( , )f v T  together with the permissible 

differences are listed in Table 7. The temperature differences were calculated as follows 

for subregions 3a and 3b: 

 03 97 97 97
3 3 3 3 3, ,T T p h s h T   

 
. 

The function 03
3T represents the calculation of ( , )T p h  using the backward equations of 

region 3 including the determination of which subregion (3a or 3b) contains the point.  

Table 7. Maximum differences and root-mean-square differences between 
calculated temperatures and IAPWS-IF97 basic equation 

97
3 ( , )f v T  compared with the permissible differences 

Subregion 
tol

T  
max

T  
RMS

T  

3a 25 mK 23.7 mK 10.5 mK 

3b 25 mK 22.4 mK   9.9 mK 

The maximum temperature deviations are less than the permissible value in subregions 

3a and 3b. Therefore, the accuracy of pressure calculated by the equations  3a ,p h s  and 

 3b ,p h s , Eqs. (1) and (2), is sufficient for calculating temperature using the backward 

equations 03
3 ( , )T p h . 

 

                                                 
3) The alternative use of the IAPWS-IF97-S03 backward equation  03

3 ,T p s  leads to worse numerical 

consistency. 
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Consistency at Boundary Between Subregions. The subregion boundary between the 

backward equations  03
3a ,T p h  and  03

3b ,T p h  is the boundary equation  03
3abh p . The 

subregion boundary between the backward equations  3a ,p h s  and  3b ,p h s  is the critical 

isentropic line cs s . These two boundary lines are independent but cross each other at 

4 points in the pressure range from cp  to 100 MPa. The discontinuity between  03
3a ,T p h  

and  03
3b ,T p h  overlaps that between  3a ,p h s  and  3b ,p h s  at these 4 points. The 

greatest temperature difference was determined as: 

     03 03
3a 3a 3b 3bmax max

, , , ,T T p h s h T p h s h     0.68 mK , 

where 3 12.128 526 988 10 kJ kgh   and cs s .  

3.5 Backward Function v(h,s) 

Calculation of the Backward Function v(h,s). The  3 ,p h s  equations described in 

Section 3.3 together with the IAPWS-IF97-S03 backward equation  03
3 ,v p s 4) make it 

possible to determine specific volume v from enthalpy h and entropy s without iteration. 

For calculating v from given h and s in region 3, the following steps should be made:  

-  Use the entropy line cs  (see Figure 2) to identify the subregion (3a or 3b) for the given 

values of h and s. Then, calculate the pressure p using the equation  3a ,p h s , Eq. (1), 

or  3b ,p h s , Eq. (2). 

-  Since the entropy line cs  is the subregion boundary for the backward equations 
03
3 ( , )v p s , calculate the specific volume v for the subregion identified previously using 

the backward equation 03
3a( , )v p s  or 03

3b( , )v p s . 

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

deviations and related root-mean-square relative deviations between the calculated specific 

volume and the IAPWS-IF97 basic equation 97
3 ( , )f v T  together with the permissible 

differences are listed in Table 8. The specific volume relative deviations for subregions 3a 

and 3b were calculated using the relation 

 03 97 97 97
3 3 3 3 3( , ),v v p h s s v v     . 

The function 03
3v represents the calculation of ( , )v p s  using the backward equations of 

region 3 including the determination of which subregion (3a or 3b) contains the point. 

 

                                                 
4) The alternative use of the IAPWS-IF97-S03 backward equation  03

3 ,v p h  leads to worse numerical 

consistency. 
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Table 8. Maximum relative differences and root-mean-square relative 
differences between calculated specific volume and the IAPWS-
IF97 basic equation 97

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

Subregion tol
v v  

max
v v  

RMS
v v  

3a 0.01 % 0.0097 % 0.0053 % 

3b 0.01 % 0.0095 % 0.0043 % 

The maximum relative deviations of specific volume are less than the permissible value 

in subregions 3a and 3b. Therefore, the accuracy of pressure calculated by the equations 

 3a ,p h s  and  3b ,p h s , Eqs. (1) and (2), is sufficient for calculating specific volume 

using the backward equations 03
3 ( , )v p s . 

Consistency at Boundary Between Subregions. The maximum relative specific volume 

difference between the two backward equations of the adjacent subregions 3a and 3b along 

the boundary line cs  has the following value: 

 
   

 

03 03
3a 3a c c 3b 3b c c

03max
3b 3b c c max

, ,  , ,  
/ 0.00028 %

, ,  

v p h s s v p h s s
v v

v p h s s

        
  

. 

 

3.6 Computing Time in Relation to IAPWS-IF97 

A very important motivation for the development of the backward equations  ,p h s  for 

region 3 was reducing the computing time to obtain thermodynamic properties and 

differential quotients from the given variables  ,h s . In IAPWS-IF97, time-consuming 

iterations, e.g., the two-dimensional Newton method, are required. Using the  3 ,p h s  

equation combined with the backward equations 03
3 ( , )T p h  and 03

3 ( , )v p s  of IAPWS-IF97-

S03, the calculation to obtain p, T and v as a function of h and s is about 11 times faster 

than that of the two-dimensional Newton method. 
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4 Equations for Region Boundaries Given Enthalpy and Entropy 

4.1  Determination of Region Boundaries 

IAPWS provides explicit equations for functions of the variables  ,h s  in liquid 

region 1, vapor region 2 and region 3 (this release). The region boundaries must be 

determined for the given enthalpy and entropy to decide where the given state point is 

located.  

The boundaries between single-phase regions 1, 2, and 3 and two-phase region 4 are the 

saturated liquid line 0x   and the saturated vapor line 1x   (see Figure 3).  
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Figure 3.   Regions of IAPWS-IF97 and boundary equations  1
'h s ,  3a

'h s ,  2ab
"h s , 

 2c3b
"h s ,  B13h s , and  B23 ,T h s  of this release 

A one-dimensional iteration using the IAPWS-IF97 basic equation 97
1 ( , )g p T  and the 

saturation-pressure equation  97
satp T  is required to calculate the enthalpy from a given 

entropy on the saturated liquid line of region 1. For the calculation of the enthalpy from a 

given entropy on the saturated vapor line of region 2, a one-dimensional iteration using the 

IAPWS-IF97 basic equation 97
2 ( , )g p T  and the saturation-pressure equation  97

satp T  is 

required. On the saturated liquid and saturated vapor lines of region 3, a two-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 from a given entropy. The boundary 

equations  1
'h s ,  3a

'h s ,  2ab
"h s , and  2c3b

"h s  provided in this release make it possible 
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to determine without iteration whether the given state point is located in the single-phase 

regions 1, 2, and 3 or in the two-phase region 4. 

The boundary between regions 1 and 3 is the isotherm 623.15 KT   (see Figure 1). A 

one-dimensional iteration using the IAPWS-IF97 basic equation 97
1 ( , )g p T  is necessary to 

calculate the isotherm from a given enthalpy and entropy. In order to avoid this iteration, 

the boundary equation  B13h s  has been developed (see Figure 3). 

The boundary between regions 2 and 3 is defined by the B23-equation of IAPWS-IF97 

(see Figure 1). Figure 3 shows that the B23-equation has more than one value of enthalpy 

for a given entropy. In order to determine the region of the given state point, the boundary 

line must be divided into at least three subregions. In each subregion, a one-dimensional 

iteration using the IAPWS-IF97 basic equation 97
2 ( , )g p T  and the B23-equation  97

B23p T  

is necessary to calculate the B23-boundary from a given enthalpy and entropy. The 

equation  B23 ,T h s  and the IAPWS-IF97-S01 backward equation  01
2c ,p h s  allow the 

determination of the boundary between regions 2 and 3 without iteration.  

4.2 Numerical Consistency Requirements 

The numerical consistency requirements on the equations for region boundaries result 

from IAPWS requirements on backward functions. That means, backward functions of the 

variables enthalpy and entropy have to meet their corresponding requirements when using 

the equations for region boundaries.   

4.3 Equations  1
'h s  and  3a

'h s  for the Saturated Liquid Line 

In order to meet the requirements for numerical consistency, the saturated liquid line was 

divided into two sections. Section 1 adjoins region 1 of IAPWS-IF97. Section 3a adjoins 

subregion 3a of this release. 

The equation  1
'h s  of Section 1 describes the saturated liquid line from the triple-point 

temperature 273.16 K to 623.15 K and can be simply extrapolated to 273.15 K so that it 

covers the entropy range (see Figure 3) 

   ' 273.15 K ' 623.15 Ks s s  ,  

where   4 1 1' 273.15 K 1.545 495 919 10 kJ kg Ks       

and   1 1' 623.15 K 3.778 281340 kJ kg Ks   . 

The equation  3a
'h s  of Section 3a describes the saturated liquid line in the entropy range 

(see Figure 3) 

  c' 623.15 Ks s s  ,  

where   1 1' 623.15 K 3.778 281340 kJ kg Ks    

and 1 1
c 4.412 021 482 234 76 kJ kg K s . 
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The Equations. The boundary equation  1
'h s  has the following dimensionless form: 

     
27

1 4
1

1

' ( ) '
1.09 0.366 10

ii JI
i

i

h s
n

h
    




     , (3) 

where   h h  and  s s , with 11700 kJ kgh   and 1 13.8 kJ kg Ks   . The 

coefficients ni and exponents Ii and Ji of Eq. (3) are listed in Table 9. 

The boundary equation  3a
'h s  has the following dimensionless form: 

     
19

3a 4
3a

1

' ( ) '
1.09 0.366 10

ii JI
i

i

h s
n

h
    




     , (4) 

where   h h  and  s s , with 11700 kJ kgh   and 1 13.8 kJ kg Ks   . The 

coefficients ni and exponents Ii and Ji of Eq. (4) are listed in Table 10. 

 

Table 9. Coefficients and exponents of the boundary equation  1
'h s  in its dimensionless 

form, Eq. (3) 

i Ii Ji ni i Ii Ji ni 
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Table 10. Coefficients and exponents of the boundary equation  3a
'h s  in its dimensionless 

form, Eq. (4) 

i Ii Ji ni i Ii Ji ni 

       
       
       
       
       
       
       
       
       
    

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

Eqs. (3) and (4), Table 11 contains test values for calculated enthalpies. 

Table 11. Selected enthalpy values calculated from 
Eqs. (3) and (4)a 

 

 

 

 

 

 

 

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

deviations between the calculated enthalpy, Eqs. (3) and (4), and the IAPWS-IF97 basic 

equations 97
1 ( , )g p T  and 97

3 ( , )f v T  are listed in Table 12. 

The enthalpy value  ' 273.15 Kh  is met exactly by the equation  1
'h s . The enthalpy 

value of the critical point 3
c 2.087 546 845 10 h  kJ kg1 is met exactly by the equation 

 3a
'h s . 

Table 12. Maximum differences between the enthalpy calculated 
from Eqs. (3) and (4) and from the IAPWS-IF97 basic 
equations 97

1g p T( , )  and 97
3 ( , )f v T  

Region max
h  

1 0.0034 1kJ kg  

3 0.0045 1kJ kg  

Equation s / 1 1kJ kg K  h / 1kJ kg  

  
 1

'h s , Eq. (3)  
  

3.8 
 3a

'h s , Eq. (4)  4.0 
 4.2 

a It is recommended that programmed functions be verified using 
8 byte real values for all variables.
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Consistency of the Backward Equations with the Basic Equations of IAPWS-IF97 along 

1
'h (s)  and 3a

'h (s) . The maximum pressure differences between the IAPWS-IF97-S01 

backward equation  01
1 ,p h s  and the IAPWS-IF97 basic equation 97

1 ( , )g p T  along the 

boundary equation  1
'h s  , Eq. (3), are listed in Table 13. Table 13 also shows the relative 

maximum pressure difference between the backward equation  3a ,p h s , Eq. (1), and the 

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

'h s , Eq. (4).  

Table 13. Maximum differences between the pressure calculated from  01
1 ,p h s  

and  3a ,p h s , Eq. (1), and from the IAPWS-IF97 basic equations 
97
1g p T( , )  and 97

3 ( , )f v T   

Region Calculation of 
max

p  
tol

p  
max

p  

1 

p 2.5 MPa 
  01

11

max
max

' ,p h s s pp

p p


  0.6 % 0.59 % 

p2.5 MPa   01
11max max

' ,p p h s s p    15 kPa 12.9 kPa 

3 
  3a3a

max
max

' ,p h s s pp

p p


  0.01 % 0.0065 % 

The absolute maximum temperature difference between the IAPWS-IF97 backward 

equation  97
1 ,T p h 5)

 
and the IAPWS-IF97 basic equation 97

1 ( , )g p T  along the boundary 

equation  1
'h s , Eq. (3), is listed in Table 14. It also shows the absolute maximum 

temperature difference between the IAPWS-IF97-S03 backward equation  03
3a ,T p h 5) and 

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

'h s , Eq. (4). 

Table 14. Maximum differences between the temperature calculated from  97
1 ,T p h  and 

 03
3a ,T p h  and from the IAPWS-IF97 basic equations 97

1g p T( , )  and 97
3 ( , )f v T   

Region Calculation of 
max

T  
tol

T  
max

T

1     97 01
1max 1 1 1

max

'' ,,T p h s Th s sT       25 mK 23.8 mK 

3     03
3amax 3a 3a 3a

max

'' ,,T p h s Th s sT       25 mK 4.8 mK 

                                                 
5) The alternative calculation of the temperature on the saturated-liquid line using the IAPWS-IF97 

saturation-temperature equation    97 01
1sat 1
' ,T p h s s  or    97

3a 3asat
' ,T p h s s  leads to worse numerical 

consistency. 
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The maximum relative difference of specific volume between the IAPWS-IF97-S03 

backward equation  03
3a ,v p s  and the IAPWS-IF97 basic equation 97

3 ( , )f v T  along the 

boundary equation  3a
'h s , Eq. (4), is listed in Table 15. 

Table 15. Maximum relative difference between the specific volume calculated from 
 03

3a ,v p s  and from the IAPWS-IF97 basic equation 97
3 ( , )f v T   

Region Calculation of 
max

/v v  
tol

/v v  
max

/v v  

3   03
3a 3a 3a

max max

' ,,v p s vv h s s
v v

      0.01 % 0.0058 % 

The maximum pressure differences, the maximum temperature differences and the 

maximum relative difference of specific volume are smaller than the permissible values. 

Therefore, the accuracy of enthalpy calculated by the equations  1
'h s  and  3a

'h s , Eqs. (3) 

and (4), is sufficient. 

4.4 Equations  2ab
"h s  and  2c3b

"h s  for the Saturated Vapor Line 

In order to meet the requirements for numerical consistency, the saturated vapor line was 

divided into two sections. Section 2ab adjoins subregions 2a and 2b of IAPWS-IF97. 

Section 2c3b adjoins subregion 2c of IAPWS-IF97 and subregion 3b of this release. 

The equation  2ab
"h s  of section 2ab describes the saturated vapor line from the triple 

point to 1 15.85 kJ kg K   and can be simply extrapolated to 273.15 K so that it covers the 

entropy range (see Figure 3) 

 1 15.85 kJ kg K '' 273.15 Ks s    ,  

where   1 1'' 273.15 K 9.155 759 395 kJ kg Ks   . 

The equation  2c3b
"h s  of section 2c3b describes the saturated vapor line in the entropy 

range (see Figure 3) 
1 1

c 5.85 kJ kg Ks s    ,  

where 1 1
c 4.412 021 482 234 76 kJ kg K s . 

The Equations. The boundary equation  2ab
"h s  has the following dimensionless form: 

     
30

2ab 1
2ab 21

1

'' ( ) '' exp 0.5240.513 i iI J
i

i

h s
n

h
   




 
   

  
 , (5) 

where   h h , *
1 1s s  , and *

2 2s s , with 12800 kJ kgh  , 
* 1 1
1 5.21 kJ kg Ks   , and * 1 1

2 9.2 kJ kg Ks   . The coefficients ni and exponents Ii and Ji 

of Eq. (5) are listed in Table 16. 
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The boundary equation  2c3b
"h s  has the following dimensionless form: 

     
416

2c3b
2c3b

1

'' ( ) '' 1.02 0.726i iI J
i

i

h s
n

h
   



 
    

  
 , (6) 

where   h h  and *s s , with 12800 kJ kgh   and * 1 15.9 kJ kg Ks   . The 

coefficients ni and exponents Ii and Ji of Eq. (6) are listed in Table 17. 

Table 16. Coefficients and exponents of the boundary equation  2ab
''h s  in its dimensionless 

form, Eq. (5) 

i Ii Ji ni i Ii Ji ni 

       
       
       
       
       
       
       
       
       
       
       
       
       
       
       

Table 17. Coefficients and exponents of the boundary equation  2c3b
''h s  in its dimensionless 

form, Eq. (6) 

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. (5) and (6), Table 18 contains test values for calculated enthalpies. 

Table 18. Selected enthalpy values calculated from Eqs. (5) 
and (6)a 

 

 

 

 

 

 

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

deviations between the calculated enthalpy, Eqs. (5) and (6), and the IAPWS-IF97 basic 

equations 97
2 ( , )g p T  and 97

3 ( , )f v T  are listed in Table 19. 

The enthalpy value  '' 273.15 Kh  is met exactly by the equation  2ab
"h s . The enthalpy 

value at the critical point 3
c 2.087 546 845 10 h  kJ kg1 is met exactly by the equation 

 2c3b
"h s . 

Table 19. Maximum differences between the enthalpy calculated 
from Eqs. (5) and (6) and from the IAPWS-IF97 basic 
equations 97

2g p T( , )  and 97
3 ( , )f v T   

Region  Equation max
h  

2 

1 15.85 kJ kg Ks     2ab
''h s , Eq. (5) 0.0012 1kJ kg  

1 15.85 kJ kg Ks     2c3b
''h s , Eq. (6) 0.0058 1kJ kg  

3   2c3b
''h s , Eq. (6) 0.0073 1kJ kg  

Consistency of the Backward Equations with the Basic Equations of IAPWS-IF97 along 

2ab
"h ( s )  and 2c3b

"h ( s ) . The maximum relative pressure differences between the 

IAPWS-IF97-S01 backward equations  01
2 ,p h s  and the IAPWS-IF97 basic equation 

97
2 ( , )g p T  and between the backward equation  3b ,p h s , Eq. (2), and the IAPWS-IF97 

basic equation 97
3 ( , )f v T  along the boundary equations  2ab

"h s  and  2c3b
"h s , Eqs. (5) 

and (6), are listed in Table 20. The function 01
2p  represents the calculation of ),( shp  from 

the IAPWS-IF97-S01 backward equations of region 2 including the determination of the 

subregion (2a, 2b or 2c). 

Equation s / 1 1kJ kg K  h / 1kJ kg  

 2ab
''h s , Eq. (5) 

 
 
 

 2c3b
''h s , Eq. (6) 

 
 
 

a It is recommended that programmed functions be verified using 
8 byte real values for all variables.
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Table 20. Maximum differences between the pressure calculated from  01
2 ,p h s  and 

 3b ,p h s , Eq. (2), and from the IAPWS-IF97 basic equations 97
2g p T( , )  and 

97
3 ( , )f v T  

Region Calculation of 
max

p  
tol

p  
max

p  

2 

1 15.85 kJ kg Ks    
  01

2 2ab

max max

" ,p pp h s s
p p


  0.0035 % 0.0027 % 

1 15.85 kJ kg Ks    
  01

2 2c3b

max max

" ,p pp h s s
p p


  0.0088 % 0.0066 % 

3  
  3b 2c3b

max max

" ,p pp h s s
p p


 0.01 % 0.0050 % 

The absolute maximum temperature differences between the IAPWS-IF97 backward 

equations  97
2 ,T p h 6) and the IAPWS-IF97 basic equation 97

2 ( , )g p T  and between the 

IAPWS-IF97-S03 backward equation  03
3b ,T p h 6) and the IAPWS-IF97 basic equation 

97
3 ( , )f v T  along the boundary equations  2ab

"h s  and  2c3b
"h s , Eqs. (5) and (6), are listed 

in Table 21. The function 97
2T  represents the calculation of  ,T p h  from the IAPWS-IF97 

backward equations of region 2 including the determination of the subregion (2a, 2b or 2c). 

Table 21. Maximum differences between the temperature calculated from  97
2 ,T p h  and 

 03
3b ,T p h  and from the IAPWS-IF97 basic equations 97

2g p T( , )  and 97
3 ( , )f v T  

Region Calculation of 
max

T  
tol

T  
max

T

2 

1 15.85 kJ kg Ks        97 01
2abmax 2 2 2ab

max

"" ,,T p h s Th s sT       10 mK 9.5 mK 

1 15.85 kJ kg Ks        97 01
2c3bmax 2 2 2c3b

max

"" ,,T p h s Th s sT       25 mK 24.1 mK

3      03
2c3bmax 3b 3b 2c3b

max

"" ,,T p h s Th s sT      25 mK 6.2 mK 

The maximum relative difference of specific volume between the IAPWS-IF97-S03 

backward equation  03
3b ,v p s  and the IAPWS-IF97 basic equation 97

3 ( , )f v T  along the 

boundary equation  2c3b
"h s , Eq. (6), is listed in Table 22. 

                                                 
6) The alternative calculation of the temperature on the saturated vapor line using the saturation-temperature 

equation    97 01
2absat 2
" ,T p h s s ,    97 01

2c3bsat 2
" ,T p h s s  or    97

3b 2c3bsat
" ,T p h s s  of IAPWS-IF97 leads 

to worse numerical consistency. 
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Table 22.  Maximum relative difference between the specific volume calculated from 

 03
3b ,v p s  and from the IAPWS-IF97 basic equation 97

3 ( , )f v T  

Region Calculation of 
max

/v v  
tol

/v v  
max

/v v  

3   03
3b 2c3b

max max

" ,v vv h s s
v v

   0.01 % 0.0041 % 

The maximum pressure differences, the maximum temperature differences and the 

maximum relative difference of specific volume are smaller than the permissible values. 

Therefore, the accuracy of enthalpy calculated by the equations  2ab
"h s  and  2c3b

"h s , 

Eqs. (5) and (6), is sufficient. 

4.5 Equation hB13(s) for Boundary between Regions 1 and 3 

The equation  B13h s  describes the enthalpy as a function of entropy for the isotherm 

623.15 KT   from the saturated liquid line up to 100 MPa. The corresponding entropy 

range is (see Figure 3): 

   100 MPa,623.15 K ' 623.15 Ks s s  , 

where   1 1' 623.15 K 3.778 281340 kJ kg Ks    

and   1 1100 MPa,623.15 K 3.397 782 955 kJ kg Ks    

calculated from the IAPWS-IF97 basic equation  97
1 ,g p T . 

The Equation. The boundary equation  B13h s  has the following dimensionless form: 

     
6

B13
B13

1

( )
0.884 0.864i iI J

i
i

h s
n

h 
       , (7) 

where   h h  and *s s , with 11700 kJ kgh   and * 1 13.8 kJ kg Ks   . The 

coefficients ni and exponents Ii and Ji of Eq. (7) are listed in Table 23. 

Table 23. Coefficients and exponents of the equation 
 B13h s  in its dimensionless form, Eq. (7) 

i Ii Ji ni 
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Computer-program verification.  To assist the user in computer-program verification of 

Eq. (7), Table 24 contains test values for calculated enthalpies.  

Table 24. Selected enthalpy values calculated from Eq. (7)a 

 

 

 

 

Numerical Consistency with the Basic Equations of IAPWS-IF97. Equation (7) does not 

exactly describe the isotherm 623.15 KT  . The maximum temperature deviation was 

determined as: 

     it B13max max
, 3.20 mKT T p h s T  

where itT  was obtained by iteration using the IAPWS-IF97 basic equation 97
1 ( , )g p T . 

Therefore, the boundary equation  B13h s , Eq. (7), reproduces the isotherm 623.15 KT   

within the tolerance of 25 mK. 

Consistency of the Backward Equations with the Basic Equations of IAPWS-IF97 along 

hB13(s). The maximum pressure difference between the IAPWS-IF97-S01 backward 

equation  01
1 ,p h s  and the IAPWS-IF97 basic equation 97

1 ( , )g p T  along the boundary 

equation  B13h s , Eq. (7), is: 

     01
1 B13max max

, 14.4 kPap p h s s p . 

The maximum temperature difference between the IAPWS-IF97 backward equation 

 97
1 ,T p h

 
and the IAPWS-IF97 basic equation 97

1 ( , )g p T  along the boundary equation 

 B13h s , Eq. (7), was determined as:  

         
97 01

1 1 B13 B13max max
, , 24.2 mKT T p h s s h s T . 

The maximum pressure difference is smaller than the permissible value of 15 kPa and the 

maximum temperature difference is smaller than the permissible value of 25 mK. 

Therefore, the accuracy of the boundary equation   B13h s , Eq. (7), is sufficient. 

 

 

Equation s / 1 1kJ kg K  h / 1kJ kg  

  
 B13h s , Eq. (7)  

  
a  It is recommended that programmed functions be verified using 

8 byte real values for all variables.



 25

4.6  Equation TB23(h,s) for the Boundary between Regions 2 and 3 

The boundary between regions 2 and 3 is defined by the B23-equation  97
B23p T  of 

IAPWS-IF97 (Figure 1). Since  97
B23p T  has an S-shape in the h-s plane, see Figure 4, it is 

not possible to develop equations  h s  or  s h  that meet the numerical consistency 

requirements. Therefore, an equation  B23 ,T h s  for the boundary between regions 2 and 3 

has been developed. The equation  B23 ,T h s  and the IAPWS-IF97-S01 backward equation 

 01
2c ,p h s  simplify the determination of the region for given variables h and s. 

 
1/ kJ kgh 

 1 1/ kJ kg Ks  

4 
2500

2600

2700

2800

5.0 5.05 5.1 5.15 5.2 5.25 5.3 

min
B23s  

max
B23s  

2400

2900

3000

 
 

B23

01
2c

,

,

T h s

p h s 97
B23p T

3 

2 max
B23h

min
B23h   2c3b

"h s

01 – IAPWS-IF97-S01

 

Figure 4.   Illustration of the B23-equation  97
B23p T  of IAPWS-IF97 and the range of validity of 

the boundary equation  B23 ,T h s  in an h-s diagram 

The range of validity of the equation  B23 ,T h s  is from the saturated vapor line 1x   up 

to 100 MPa in the entropy range  
min max
B23 B23s s s  , 

where min 1 1
B23 5.048 096 828 kJ kg Ks    

and max 1 1
B23 5.260 578 707 kJ kg Ks   , 

and in the enthalpy range  
min max
B23 B23h h h  , 

where  min 3 1
B23 '' 623.15 K 2.563 592 004 10  kJ kgh h     

and  max 3 1
B23 100 MPa,863.15 K 2.812 942 061 10  kJ kgh h    , 

see Figure 4. The saturated vapor line can be calculated by the equation  2c3b
"h s , Eq. (5). 



 26

The Equation.   The equation  B23 ,T h s  has the following dimensionless form: 

     
25

B23
B23

1

( , )
, 0.727 0.864i iI J

i
i

T h s
n

T


        , (8) 

where T T  ,   h h , and *s s , with 900 KT   , 13000 kJ kgh  , and 
* 1 15.3 kJ kg Ks   . The coefficients ni and exponents Ii and Ji of Eq. (8) are listed in 

Table 25. 

Table 25.  Coefficients and exponents of the boundary equation  B23 ,T h s  in its dimensionless 
form, Eq. (8) 

i Ii Ji ni i Ii Ji ni 

       
       
       
       
       
       
       
       
       
       
       
       
     

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

Eq. (8), Table 26 contains test values for calculated temperatures. 

Table 26.  Selected temperature values calculated from Eq. (8)a 

 

 

 

Use of the Equation.  The equation  B23 ,T h s  and the IAPWS-IF97-S01 backward 

equation  01
2c ,p h s  can be used to determine whether a given state point (h,s) is located in 

region 2 or in region 3.  

 

Equations h / 1kJ kg  s / 1 1kJ kg K  T / K  

 B23 ,T h s , Eq. (8) 
  
  
  

a  It is recommended that programmed functions be verified using 8 byte real values for 
all variables.
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For entropies min max
B23 B23s s s   and enthalpies min max

B23 B23h h h  , the following steps should 

be performed: 

-  Calculate temperature B23T  from the given h and s using equation  B23 ,T h s , Eq. (8).  

-  Calculate pressure B23p  from the given h and s using the IAPWS-IF97-S01 backward 

equation  01
2c ,p h s . 

- Calculate pressure 97
B23p  using the B23-equation  97

B23p T  of IAPWS-IF97 where 

B23T T  was previously calculated. 

 

 

16.529
22.064

50

100

623.15 673.15 

23 

 p / MPa

97
B23( )p T

 T / K 

min
B23s

B23

01
2c

( , )

( , )

T h s

p h s

c 

97
sat( )p T  

10

723.15 773.15 823.15 873.15 923.15 

863.15 

max
B23s

max
B23h

min
B23h

01 – IAPWS-IF97-S01

 

Figure 5. Illustration of the B23-equation  97
B23p T  of IAPWS-IF97 and the range of validity of 

the boundary equation  B23 ,T h s  in a p-T diagram 

Equation  B23 ,T h s  should only be used to determine the region for a given state point at 

the boundary between regions 2 and 3. 

Numerical Consistency with the B23-Equation of IAPWS-IF97. The maximum relative 

deviation between the calculated pressure  01
2c ,p h s  and the IAPWS-IF97 B23-equation 

97
B23( )p T , where  B23 ,T T h s , has the following value 

    
  

01 97
2c B23 B23

97
max B23 B23

max

, ,
0.0045 %

,

p p Th s h sp

p p T h s


  . 

Thus, the combination of the equations  B23 ,T h s  and  01
2c ,p h s  reproduces the B23-

boundary of IAPWS-IF97 within the maximum allowed value 0.0088 %. 
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Consistency of the Backward Equations with the Basic Equations of IAPWS-IF97 along 

the B23-Boundary. The maximum relative pressure difference between the IAPWS-

IF97-S01 backward equation  01
2c ,p h s  and the IAPWS-IF97 basic equation 97

2 ( , )g p T  

along the boundary calculated as explained in Use of the Equation was determined as: 

 01
2c

max max

, 0.0029 %
p p ph s
p p

   . 

The absolute maximum temperature difference between the IAPWS-IF97 backward 

equation  97
2c ,T p h  and the IAPWS-IF97 basic equation 97

2 ( , )g p T  along the boundary has 

the value 

  97 01
2c 2cmax

max
, , 24.1 mKT p h s h TT    . 

The maximum relative pressure difference is smaller than the permissible value of 

0.0088 % and the maximum temperature difference is smaller than the permissible value of 

25 mK. Therefore, the combination of the equations  B23 ,T h s , Eq. (8), and  01
2c ,p h s  of 

IAPWS-IF97-S01 is sufficiently accurate to determine the region for a given state point 

 ,h s . 

4.7 Computing Time in Relation to IAPWS-IF97 

A very important motivation for the development of the equations for region boundaries 

was reducing the computing time to determine the region for a given state point  ,h s . By 

using backward equations, Eqs. (3) to (8), users can determine the region without time-

consuming iterations, which require repeated evaluation of forward functions of 

IAPWS-IF97. 

5 Backward Functions Tsat(h,s), psat(h,s), and x(h,s) for the Two-
Phase Region 

5.1 Calculation of Saturation Properties from a Given Enthalpy and Entropy 

In modeling power cycles and steam turbines, thermodynamic properties as a function of 

the variables  ,h s  are required in the two-phase (wet steam) region. The important region 

for steam turbine calculations is the range  '' 623.15 Ks s , see Figure 6, where the 

saturation temperature is less than 623.15 K and the two-phase region is located between 

regions 1 and 2. In this region, the calculation of saturation properties from a given h and s 

requires iteration using the IAPWS-IF97 basic equations 97
1 ( , )g p T  and 97

2 ( , )g p T  and the 

saturation-pressure equation  97
satp T . In order to avoid such iterations, this supplementary 

release provides an equation  sat ,T h s  for the two-phase region. 
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Figure 6. Regions and subregions of IAPWS-IF97 and the backward equation  sat ,T h s  
of this release  

5.2 Numerical Consistency Requirements 

For the backward function  sat ,T h s , the IAPWS requirements for the IAPWS-IF97 

backward equations  97
2 ,T p h  and  97

2 ,T p s  in the subregions 2a, 2b, and 2c [9] were 

taken as acceptable values for the numerical consistency. Table 27 contains these values. 

The permissible values 
tol

p p  for the numerical consistency of the backward function 

 sat ,p h s  result from the requirements on the IAPWS-IF97-S01 backward equation 

 01
2 ,p h s  in the subregions 2a, 2b, and 2c [4, 5]. Table 27 shows the relative tolerances for 

the backward function  sat ,p h s . 

Table 27.  Permissible values 
tol

T  of [9] for the function 

 sat ,T h s  and relative tolerances 
tol

p p  of [4, 5] 

for the function  sat ,p h s  

Entropy Range (Fig. 6) tol
T  

tol
p p  

1 15.85 kJ kg Ks    10 mK  0.0035%  

1 15.85 kJ kg Ks    25 mK  0.0088 %  
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5.3 Backward Equation Tsat(h,s) 

Range of Validity. The range of validity of the backward equation  sat ,T h s  is the two-

phase region for  '' 623.15 Ks s  with   1 1'' 623.15 K 5.210 887 825 kJ kg Ks    (see 

Fig. 6). The corresponding temperature range is 273.15 K 623.15 KT  .  

The Equation. The backward equation  sat ,T h s for the two-phase region has the 

following dimensionless form: 

       
36

sat
sat*

1

,
, 0.119 1.07i iI J

i
i

T h s
n

T 
        , (9) 

where */T T ,   h h , and *s s , with 550 KT   , 12800 kJ kgh  , and 
* 1 19.2 kJ kg Ks   . The coefficients ni and exponents Ii and Ji of Eq. (9) are listed in 

Table 28. 

Table 28.  Coefficients and exponents of the equation  sat ,T h s  in its dimensionless form, Eq. (9) 

i Ii Ji ni i Ii Ji ni 

       
       
       
       
       
       
       
       
       
       
       
       
       
       
       
       
       
       

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

Eq. (9), Table 29 contains test values for calculated temperatures.  
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Table 29.  Selected temperature values calculated from Eq. (9)a 

 

 

 
 
 
 
 

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

maximum deviations and related root-mean-square differences between the calculated 

temperature, Eq. (9), and the IAPWS-IF97 saturation-temperature equation 97
sat ( )T p  were 

calculated as follows:  

   97
sat sat satmax max

,T T T ph s  . 

The maximum differences are listed in Table 30. The calculation of the root-mean-square 

value is described in Section 1. 

Table 30.  Maximum differences and related root-mean-square differences 
between the temperature calculated from Eq. (9) and from the 
IAPWS-IF97 saturation-temperature equation 97

satT p( )  

Entropy Range tol
T  

max
T  

RMS
T  

1 15.85 kJ kg Ks    10 mK 0.67 mK 0.33 mK 

1 15.85 kJ kg Ks    25 mK 0.86 mK 0.45 mK 

5.4 Backward Function psat(h,s)  

Calculation of the Backward Function psat(h,s). To calculate the saturation pressure as a 

function of enthalpy and entropy, the following steps should be performed. 

-  Calculate temperature satT  from the given h and s using the backward equation 

 sat ,T h s , Eq. (9), for the two-phase region. 

- Calculate saturation pressure satp  using the IAPWS-IF97 saturation-pressure equation 

 97
satp T , where satT T  was previously calculated. 

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

maximum relative deviations and root-mean-square relative deviations between the 

calculated pressure sat ( , )p h s  and the IAPWS-IF97 saturation-pressure equation 97
sat( )p T  

were calculated as follows:  

    
 

97 97
sat sat satsat

97
sat max sat max

,p T p Tp h s

p p T


 . 

Equation h / 1kJ kg   s / 1 1kJ kg K  T / K  

 sat ,T h s , Eq. (9) 
  
  
  

a  It is recommended that programmed functions be verified using 8 byte real values for 
all variables.
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The resulting maximum relative deviations and root-mean-square relative deviations are 

listed in Table 31. 

Table 31.  Maximum relative deviations and root-mean-square relative deviations 
between the pressure satp h s( , )  and the IAPWS-IF97 saturation-pressure 
equation 97

satp T( )   

   Entropy Range 
tol

p

p


 

max

p

p


 

RMS

p

p


 

1 15.85 kJ kg Ks    0.0035 % 0.0029 % 0.0012 % 

1 15.85 kJ kg Ks    0.0088 % 0.0034 % 0.0013 % 

Table 31 shows that the maximum relative deviations are smaller than the tolerances. 

Therefore, the accuracy of the temperature calculated by the equation  sat ,T h s , Eq. (9), is 

sufficient for calculating pressure as a function of h and s. 

5.5 Backward Function x(h,s) 

Calculation of the Backward Function x(h,s). To calculate the vapor fraction as a 

function of enthalpy and entropy, the following steps should be performed. 

- Calculate temperature satT  from the given h and s using the backward equation 

 sat ,T h s , Eq. (9), for the two-phase region. 

- Calculate saturation pressure satp  using the IAPWS-IF97 saturation-pressure equation 

 97
satp T , where satT T  was previously calculated. 

- Calculate the vapor fraction x using the relation    ' / " '  x h h h h 7), where 
97
1 sat sat' ( , )h h p T  and 97

2 sat sat" ( , )h h p T . 

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

deviations and related root-mean-square deviations between the calculated vapor fraction 

( , )x h s  and vapor fractions calculated from the IAPWS-IF97 basic equations 97
1 ( , )g p T  

and 97
2 ( , )g p T  were calculated as follows:  

 max max
,x h s xx    with 

  
     

97 97
1 sat

97 97 97 97
2 sat 1 sat

,

, ,

h h p T T
x

h p T T h p T T





. 

The maximum deviations and root-mean-square deviations are listed in Table 32. 

                                                 
7) The calculation of the vapor fraction using the saturated liquid entropy s' and the saturated vapor entropy s" 

leads to worse numerical consistency. 
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Table 32.  Maximum differences of vapor fraction x h s( , )  from the IAPWS-
IF97 basic equations 97

1g p T( , ) and 97
2 ( , )g p T . 

  Entropy Range max
x  

RMS
x  

1 15.85 kJ kg Ks    0.64  106 0.25  106 

1 15.85 kJ kg Ks    4.40  106 0.57  106 

Table 32 shows that the vapor fraction ( , )x h s  can be calculated to 5 digits of accuracy. 

Therefore, the accuracy of temperature calculated by the equation  sat ,T h s , Eq. (9), is 

sufficient for calculating vapor fraction as a function of h and s. 

5.6  Computing Time in Relation to IAPWS-IF97 

A very important motivation for the development of the backward equation  sat ,T h s  

was reducing the computing time to obtain thermodynamic properties from given variables 

 ,h s  in the two-phase region. In IAPWS-IF97, time-consuming iterations are required. 

Using the  sat ,T h s  equation combined with the IAPWS-IF97 saturation-pressure equation 
97
sat( )p T , and the IAPWS-IF97 basic equations 97

1 ( , )g p T  and 97
2 ( , )g p T , the calculation 

to obtain p, T and x as a function of h and s is about 11 times faster than the iterative 

method. 
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