
6. Implementation of an optimized table lookup algorithm for
speeding up in-house thermal-hydraulic codes 

Abstract of the project IAPWS (http://www.iapws.org/) is an international non-profit association 
of national organizations concerned with the properties of water and 
steam, particularly thermophysical properties, cycle chemistry guidelines, 
and other aspects of high-temperature steam, water and aqueous 
mixtures relevant to thermal power cycles and other industrial and 
scientific applications. In 1997, IAPWS approved a new formulation of the 
thermodynamic properties of water and steam for industrial use (referred 
to as IAPWS-IF97). Read http://www.iapws.org/relguide/IF97-Rev.pdf file 
for more details about the formulation. 
These thermophysical properties are used in several in-house codes which 
share a FORTRAN implementation of the functions. These functions are 
called a lot of times during a code run and they are responsible of a big 
portion of the total execution time. In order to speed up the codes that use 
those properties, an efficient implementation is needed. The idea is to 
implement a multidimensional table lookup algorithm for fast 
interpolation of water and steam thermophysical properties (such as 
viscosity, enthalpy, …). The table will be based on the existing subroutines 
which implement the exact solution coming from the IAPWS formulation.  
The code user, when using the new option, should specify the maximum 
error allowed for the adjustment of the fitting functions, then the tables 
will be pre-generated for the given accuracy and then a fast 
isotropic/anisotropic interpolation will be used during code run.  
In this way, the code initialization will take longer but then it will run 
faster. It would also be possible to pre-generate those tables previously 
and load them into memory for the given range of operating conditions 
and the required accuracy. Also one can think that the fitting functions 
should be smooth enough to avoid introducing numerical instabilities 
during code run. 

Tasks  Familiarize with the current implementation of the IAPWS-97
formulation.

 Study the feasibility of implementing different interpolation algorithms
and estimate the implementation effort.

 Implementation of the new algorithm, optimization and benchmarking.

Requirements  Programing skills, MATLAB (the first version could be initially
implemented in MATLAB)

 Sound mathematics background.

Language Skills Fluency in English 
Software Skills Programing skills in C or FORTRAN will be welcome. 

Other skills None 
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