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Supplementary Release Equations Status 

IAPWS-IF97-S01: 
Supplementary Release on 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.   

 
p1(h,s) 
p2(h,s) 

 
 

IAPWS-IF97-S03: 
Supplementary Release on 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, 2003.  

 
T3,v3(p,h) 
T3,v3(p,s) 
 

 
 

IAPWS-IF97-S03rev (Draft): 
Revised Supplementary Release on 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.  

 
T3,v3(p,h) 
T3,v3(p,s) 
p3sat (h) 
p3sat (s) 

 
 

IAPWS-IF97-S04 (Draft): 
Supplementary Release on Backward Equations p(h,s) for Region 3, 
Equations as a Function of h and s for the Region Boundaries, and 
an Equation Tsat(h,s) for Region 4 of the IAPWS Industrial 
Formulation 1997 for the Thermodynamic Properties of Water and 
Steam. 

 
p3(h,s) 
Tsat(h,s) 
h'(s), h"(s)  
hB13(s) 
TB23(h,s) 

 
 

Supplementary Release on Backward Equations for Specific Volume 
as a Function of Pressure and Temperature v(p,T) for Region 3 of 
the IAPWS Industrial Formulation 1997 for the Thermodynamic 
Properties of Water and Steam. (Draft) 

v3(p,T)  

 

adopted 
in 2001

evaluated, 
to be adopted 
in 2004

adopted 
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2004
(adoption 
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Requirements on Backward Equations

1. Extremely high numerical consistency 

Deviation between the backward equation and the relating fundamental 
equation

Corresponds to iteration accuracy otherwise used in numerical calculations of 
process modeling

Determined by IAPWS based on an international survey in industry

2. Calculation of the backward equations should be much faster than the 
corresponding iterations of the fundamental equations

Example: Backward equations T(p,h)

where h(p,T) – derived from g(p,T)

⎟ΔT⎟=⎟T- T(p,h) ⎟

The numerical consistency is more than one magnitude higher then 
accuracy of the properties themselfs

Problem:

14th ICPWS, Kyoto, 2004

Supplementary Backward Equations for IAPWS-IF97
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Backward and Boundary Equations for 

Functions of Pressure and Enthalpy (p,h)

Region3

T03(p,h),  v03(p,h)

f 97(T,v)

Regions 1, 2

T97(p,h)

g97(p,T)
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Backward Equations T(p,h) and v(p,h)

Structure

* * *
1

( , ) i i
I JN

i
i

T p h p h
n a b

T p h=

⎛ ⎞ ⎛ ⎞= + +⎜ ⎟ ⎜ ⎟
⎝ ⎠⎝ ⎠

∑ * * *
1

( , )
i i

I JN

i
i

v p h p h
n a b

v p h=

⎛ ⎞ ⎛ ⎞= + +⎜ ⎟ ⎜ ⎟
⎝ ⎠⎝ ⎠

∑

Equation N a b 
|ΔT|tol  
mK 

|ΔT|max  
mK 

( , )T p h97
1  20 0 1 25 23.6 

( , )T p h97
2a  34 0 −2.1 10 9.3 

( , )T p h97
2b  38 −2 −2.6 10 9.6 

( , )T p h97
2c  23 25 −1.8 25 23.7 

( , )T p h03
3a  31 0.24 −0.615 25 23.6 

( , )T p h03
3b  33 0.298 −0.720 25 19.6 

Equation N a b 
|Δv/v|tol 

% 
|Δv/v|max 

% 

( , )03
3av p h  32 0.128 −0.727 0.01 0.0080 

( , )v p h03
3b  30 0.0661 −0.72 0.01 0.0095 

 

Numerical consistency
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Backward and Boundary Equations for 

Functions of Pressure and Entropy (p,s)

Region3

T03(p,s),  v03(p,s)

f 97(T,v)

Regions 1, 2

T97(p,s)
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Backward Equations for 

Functions of Enthalpy and Entropy (h,s)
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Boundary Equations for 

Functions of Enthalpy and Entropy (h,s)
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Backward Equations p(h,s) and Tsat(h,s)

Structure

⎛ ⎞⎛ ⎞
⎜ ⎟ ⎜ ⎟
⎝ ⎠ ⎝ ⎠

∑
i i

I J

i* * *
i

T (h,s) h s
= n

T h s

36
sat

=1

- 0.119 -1.07
⎡ ⎤⎛ ⎞⎛ ⎞⎢ ⎥⎜ ⎟ ⎜ ⎟⎢ ⎥⎝ ⎠ ⎝ ⎠⎣ ⎦
∑

i i

cI JN

i* * *
i=1

p(h,s) h s
= n + a + b

p h s

Numerical consistency

Equation |Δp/p|tol  
% 

|Δp/p|max 
% 

|ΔT|tol 
mK 

|ΔT|max 
mK 

|Δv/v|tol  
% 

|Δv/v|max  
% 

( , )01
1p h s  ≤p 2.5MPa  0.60 0.55   

 >p 2.5MPa  15 kPa 14 kPa 
25 24.0 

  

( , )p h s01
2a  0.0035 0.0029 10 9.7   

( , )p h s01
2b  0.0035 0.0034 10 9.8   

( , )p h s01
2c  0.0088 0.0063 25 24.9   

( , )p h s04
3a  0.01 0.0070 25 23.7 0.01 0.0097 

( , )p h s04
3b  0.01 0.0084 25 22.4 0.01 0.0095 

Equation 
|ΔT|tol 
mK 

|ΔT|max 
mK 

|Δp/p|tol  
% 

|Δp/p|max 
% 

|Δx|tol 
− 

|Δx|max 
− 

( , )T h s04
sat  s≤5.85 kJ kg−1K−1 25 0.86 0.0088 0.0034 4.4×10−6 0.57×10−6

 s>5.85 kJ kg−1K−1 10 0.67 0.0035 0.0029 0.64×10−6 0.25×10−6
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Computing Time in Comparison with IAPWS-IF97 Fundamental Equations

Computing Time Ratio (CTR)

Compting time of fundamental eq.
CTR =

Computing time of backward eq.

Backward Equations

Function Reg. Backward Equation(s) CTR 

(p,h) 1 ( , )T p h97
1  5 

 2 ( , )T p h97
2  6 

 3 ( , )T p h03
3  & ( , )v p h03

3  16 

(p,s) 1 ( , )T p s97
1  6 

 2 ( , )T p s97
2  7 

 3 ( , )T p s03
3  & ( , )v p s03

3  18 

(h,s) 1 ( , )p h s01
1  & ( , )T p h97

1  23 

 2 ( , )p h s01
2  & ( , )T p h97

2  38 

 3 ( , )p h s04
3  & ( , )T p h03

3  & ( , )v p s03
3  10 

 4 ( , )T h s04
sat  & ( )p T97

sat  & 
′−

=
′′ ′−

h h
x

h h
 11 

(p,T) 3 ( , )v p T3  5 
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Computing Time in Comparison with IAPWS-IF97 Fundamental Equations

Boundary Equations

Funct. Bound. Reg.-Reg. Bound. Eq. CTR 

(p,h) x = 0 
 x = 1 

3 - 4 ( )p h03
3sat  12 

(p,s) x = 0 
 x = 1 

3 - 4 ( )p s03
3sat  9 

(h,s) x = 0 1 - 4 ( )′h s04
1  24 

  3 - 4 ( )′h s04
3a  90 

 x = 1 2 - 4 ( )′′h s04
2ab , ( )′′h s04

2c3b  20 

  3 - 4 ( )′′h s04
2c3b  60 

 623.15 K 1 - 3 ( )h s04
B13  37 

 ( )p T97
B23  2 - 3 ( , )T h s04

B23 , ( , )p h s01
2c  20 

 

Calculation of backward functions including determination of region boundaries

5 ... 20 times faster than iteration of fundamental equations

Calculations of heat cycles, boilers and steam turbines may be 2... 3 times faster 

when using the backward and boudary equations
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- IAPWS provides backward and boundary equations for the 
functions of (p,h), (p,s), (h,s) and (p,T)   

- The equations can be used as a supplement to the Industrial 
Formulation IAPWS-IF97.  

- Their numerical consistencies are sufficient for most applications in 
heat-cycle, boiler, and steam-turbine calculations.  

- Using the equations, the properties as functions of  (p,T), (p,h), 
(p,s), and (h,s) including determination of the region can be 
calculated without iterations. 

- Resulting, process calculations will be between 2 and 3 times 
faster when using the supplementary backward and boundary 
equations. 

- For applications where the demands on numerical consistency are 
extremely high, the equations can be used for calculating very 
accurate starting values in iterations.  

Conclusions


