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Calculation research on pseudo-critical thermal expansion coefficient of supercritical water
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Abstract Background: The supercritical water thermal expansion coefficient is very large when the reactor is
approaching the critical point, but drops rapidly with the increase of pressure. The pseudo-critical thermal expansion
coefficient is the basis for calculation of the critical phase transition transformation number which is of great
importance in the analysis of flow instability of supercritical pressure water, therefore its calculation is very important
to understand and master the conversion of energy or heat transfer in supercritical water reactor. Purpose: This study
aims to derive a fitting formula for direct calculation of the pseudo-critical expansion coefficient. It is useful for
thermal-hydraulic program analysis. Methods: First of all, the pseudo-critical temperature need to be calculated, then

a regression analysis for the pseudo-critical thermal expansion coefficient of supercritical water is fitted by using

FRAZ A% S HE R T K A3 AR A S50 = 3 4 (N0.20130901) 1% & Wi HE R G845 AR s 36 5= 56 42 (No.2015BJ015 1) Bl

SR SHRR, D, 1982 4RHA, 2008 F TG A RSFEIRBIL AL, MBI AE, AT IR TR S %4

JBE1EE: JA¥%, E-mail: zhoutao@ncepu.edu.cn

Supported by Nuclear Reactor Thermal Hydraulic Technology Key Laboratory Fund (No.20130901), Key Laboratory of Nuclear Reactor System Design
Technology (No.2015BJO151)

First author: MA Dongliang, male, born in 1982, graduated from North China Electric Power University with a master’s degree in 2008, doctoral student,
focusing on nuclear thermal hydraulic and safety

Corresponding author: ZHOU Tao, E-mail: zhoutao@ncepu.edu.cn
Weks HIW: 2016-10-12, &R HH: 2016-11-10

120601-1



o R

2016, 39: 120601

MATLAB curve fitting toolbox. The fitting calculation formula about the pseudo-critical thermal expansion

coefficient is derived from those fitting data in the form of combination formula. Results: The calculation result is

continuous smoothness with maximum absolute error no more than 0.20 K ', and the biggest relative error is 0.19%.

Conclusion: The formula is simple in structure and easy to calculate with high efficiency, and the calculation

precision meets the requirements of industry research and analysis.
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Table1 Pseudo-critical thermal expansion coefficient
under different pressure.

Fe Eh FOLIG SR FOUIl 5 S A
No.  Pressure Pseudo-critical P K%L

/ MPa temperature / °C Pseudo-critical

thermal expansion

coefficient / K

1 22.1 374.04 3.52

2 22.2 374.40 2.38

3 22.3 374.78 1.63

4 22.5 375.53 0.91

5 23.0 377.35 0.41

6 24.0 381.10 0.19

7 25.0 384.75 0.12

8 26.0 388.35 0.087

9 27.0 391.85 0.067

10 28.0 395.25 0.055

11 29.0 398.65 0.046

12 30.0 401.85 0.039

13 31.0 404.75 0.034

14 33.0 411.65 0.028

15 35.0 417.75 0.023

16 40.0 432.35 0.016

17 50.0 458.35 0.0099
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Fig.3 Trend of pseudo-critical temperature and
pseudo-critical thermal expansion coefficient.
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Table 2 Contrast of pseudo-critical thermal expansion coefficient with the result of fitting Formula 1.

57 HAE AR THRER AR FHXFRZE
Pressure / MPa Directly calculation result/ K™'  Calculation result/K™'  Absolute error / K™'  Relative error / %
22.1 3.52 3.55 0.028 0.008 1
222 2.38 2.18 —-0.20 —0.083
223 1.63 1.58 —0.051 —0.031
225 091 1.01 0.10 0.11
23 0.41 0.54 0.13 0.31
24 0.19 0.28 0.087 0.46
25 0.12 0.19 0.066 0.55
26 0.087 0.14 0.053 0.61
27 0.067 0.11 0.045 0.67
28 0.055 0.094 0.039 0.71
29 0.046 0.080 0.035 0.75
30 0.039 0.070 0.031 0.79
31 0.034 0.063 0.028 0.82
33 0.028 0.051 0.024 0.86
35 0.023 0.043 0.021 0.90
40 0.016 0.031 0.015 0.97
50 0.009 9 0.020 0.010 1.04
*3 BEARZFRIEF SRR AR B E RITHE
Table 3 Contrast of pseudo-critical thermal expansion coefficient with the result of fitting Formula 2.
57 HIE AR THRER AR xR ZE
Pressure / MPa Directly calculation result/ K™'  Calculation result / K™'  Absolute error / K™'  Relative error/ %
22.1 3.52 12.13 8.61 2.45
222 2.38 3.85 1.47 0.62
22.3 1.63 2.08 0.45 0.27
22.5 0.91 1.01 0.099 0.11
23 0.41 0.42 0.007 1 0.017
24 0.19 0.19 —0.003 4 —0.018
25 0.12 0.12 —-0.001 1 —0.008 9
26 0.087 0.087 0.000 64 0.007 4
27 0.067 0.069 0.001 7 0.025
28 0.055 0.057 0.002 3 0.042
29 0.046 0.049 0.002 6 0.057
30 0.039 0.042 0.002 8 0.071
31 0.034 0.037 0.003 0 0.086
33 0.028 0.030 0.002 9 0.11
35 0.023 0.026 0.002 8 0.12
40 0.016 0.018 0.002 5 0.16
50 0.009 9 0.012 0.001 9 0.19
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Fig.4 Contrast of directly calculation result with the result of fitting Formula 1 (a) and fitting Formula 2 (b).
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