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Abstract

This paper studied the physical property calculation methods for multi-working fluids to meet the
requirements of efficient and high-precision property computation in nuclear power fluid system
simulations under multi-fluid and wide operating conditions, and to solve the engineering chal-
lenges including low efficiency of traditional database access and insufficient accuracy of conven-
tional interpolation in the phase-change region. A multi-level grid refinement algorithm was pro-
posed to refine the phase boundaries and low-precision grids, and a high-precision physical prop-
erty database was generated. On this basis, a bilinear interpolation model was introduced to per-
form efficient interpolation on the high-precision database for rapid and accurate property results.
Furthermore, a multi-working fluid physical property calculation software was developed for pro-
fessional thermal engineers. The results show that, compared with the REFPROP standard database
developed by the National Institute of Standards and Technology (NIST), the proposed high-preci-
sion interpolation method achieves relative errors of less than 1% for specific enthalpy and density
calculated from pressure and temperature across a wide range of operating conditions, and exhibits
significant advantages in computational efficiency.
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Figure 1. Flowchart of grid refinement program
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Figure 2. Schematic diagram of pressure-temperature grid
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Figure 3. Schematic diagram of grid refinement, (a) Structured grid; (b) Grid with saturation line
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Figure 4. Schematic diagram of line refinement in unsaturated and saturated regions
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Figure 6. Schematic diagram of grid refinement steps in unsaturated and saturated regions
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Table 1. Pseudocode of high-precision physical property database
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Figure 7. Flowchart of interpolation program
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Figure 8. Interface of multi-working-fluid high-precision physical property software platform
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Table 2. Range of independent variables for multi-working-fluid physical property calculation
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