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The Industrial Formulation IAPWS-IF97
for the Thermodynamic Properties of Water and Steam
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¢ International Survey: Backward equations T3(p,h) and T3(p,s)
are required.

e |IAPWS Task Group for developing those equations was

established in Prague.

Presentation of first results.



Why Equations T5(p,h) and T5(p,s) ?

Iterative Calculation of T(p,h) Using IAPWS-IF97 Basic Equation

Two-dimensional Iteration of T and p from:
p=p3'(pT)

and Derivatives of f3'(p,T)
h=hg(p.T)

Iterative Calculation of T(p,s) Using IAPWS-IF97 Basic Equation

Two-dimensional Iteration of T and p from:
p=p3(pT)

and Derivatives of f3'(p,T)
s=s3(pT)

Backward equations T3z(p,h) and T3(p,s) are required

to reduce computing time of process calculations.



Numerical Consistency Requirements
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Approximation Method

Algorithm of Triibenbach, Willkommen, Dittmann and Kretzschmar

Basis: Regressions Analysis of Wagner

Modifications:
e Automatic generation and optimization of the bank of terms
e Optimization of the non-linear parameters

e Automatic weighting of the data points for minimizing the
maximum deviation of the equation to the data

e Considering the application computing time in the process of
optimizing the equation structure

Data Basis: IAPWS-IF97



Subregions
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Backward Equations T(p,h) for Region 3

Subregion 3a
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Backward Equations T(p,s) for Region 3
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Results for Numerical Consistencies

Numerical Consistency with IAPWS-IF97 Basic Equation

Equation ‘ AT nax | ATems
T3a(p.h) 22.9 mK 11.4 mK
Tap(p,h) 24.8 mK 14.1 mK
Tac(p.h) 23.8 mK 15.2 mK
T3a(p.s) 23.4 mK 12.0 mK
T3p(p,s) 19.6 mK 9.3 mK
Tac(p,s) 20.4 mK 11.5 mK
AT, = 25 mK

at the Critical Point

Numerical Consistency with IAPWS-IF97 Basic Equation

Equation | AT

Tap(p,h) 0.43 mK
T3c(p,h) 0.40 mK
T3p(p,s) 0.29 mK
T3c(p.s) 0.34 mK

AT,y = 0.49 mK



Computing Time in Relation to IAPWS-1F97

Measurement of the Computing Time

- Basis: IAPWS benchmark program NIFBENCH

- Specifications of the test platform:
Computer: PC with Pentium 4, 1500 MHz, 400 MHz front side bus
Operation System: Windows 2000®

Compiler: Compagq Visual Fortran 6.1®, standard options
Kind of executable file: Fortran Console Application

Computing Time Ratio (CTR Value)

Computing time using IF97 equations only
Computing time using the new T3(p,h) or T3(p,s) equations

CTR =



Computing Time using T3(p,h) in Relation to IAPWS-IF97

Calculation of T using

T =T3(p,h) | Two-dimensional Iteration of

T and pfrom: p=p3'(pT)

and h=h3"(p,T)

Subregion | Computing Time Computing Time & CTR
3a 0.26 ps/call 3.94 ps/call 15.0
3b 0.19 ps/call 3.94 ps/call 21.0
3c 0.15 ps/call 3.94 ps/call 25.7

Computing Time using T3(p,s) in Relation to IAPWS-IF97

Calculation of T using

T :T3(p,s) Two-dimensional Iteration of

T and pfrom: p=p3'(p.T)

and s=s3'(p,T)

Subregion | Computing Time Computing Time & CTR
3a 0.28 ps/call 4.52 ps/call 16.0
3b 0.20 ps/call 4.49 ps/call 23.0
3c 0.14 ps/call 4.55 ps/call 33.1

a) Program Package: Property Database for the Calculation of Heat Cycles and
Turbines, University of Applied Sciences of Zittau and Gorlitz and Technical
University of Dresden, 1998 - 2001




Conclusions

Backward equations T3(p,h) and T3(p,s) for region 3 of IAPWS-IF97

are possible for required numerical consistency of AT = 25 mK.

= Confirmation of the specifications for numerical consistency
necessary

Calculation of T using backward equations T3(p,h) and T3(p,s):

= Depending on iteration method and starting values CTR-values
between 10 and 20 in comparison with IAPWS-IF97 are possible.

For calculating further properties, the determination of p is necessary:

= Investigations will be performed.

Final set of backward equations T3(p,h) and T3(p,s)
for region 3 of IAPWS-IF97

will be presented next year.
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