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Objective

To validate the improved 1-D@ml stratifi@model against

experimental data acquired by usings the working fluid.




Thermal stratification in nuclear systems

» Thermal stratification
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Preliminary 1-D thermal stratification model (1)

The Thermal Stratification Testing Facility (TSTF)
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» University of Wisconsin-Madison > Default parameters
» Cylindrical with H=150 cm and D=32 cm
’LUL > Na as working fluid

» Tested by 9 data sets from TSTF
» Reasonable performance




Preliminary 1-D thermal stratification model (2)

Njet (Peterson, 1994)
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e —pampg (conservation of momentum)
Njet
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By combining the mass and the energy equations
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By approximating dh = ¢, dT and Ah = ¢, AT when Tjor = Tamp
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Parameters to be calibrated
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Effective thermal conductivity (turbulence-enhanced )

where

Re;

b
» Effective thermal conductivity k., = a (F) - k. (Shih et al., 2005)

2
» Turbulent Reynolds number Re, = % (Jones and Launder, 1973)
% k =0.01U},, (Lai et al., 1986)
2k3/2 .
X (Lai et al., 1986)
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> Parameters to be calibrated:




Development of t
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Preliminary 1-D TS model

» Default parameters

» Tested by 9 data sets from TSTF
» Reasonable performance

ne 1-D thermal stratification model
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Improved 1-D TS model

» Inverse Uncertainty Quantification (UQ)
» Trained by 4 data sets from TSTF




Bayesian based inverse UQ method
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Posterior Prior Likelihood function

 Prior PDF: The degree of the belief of the values of the true values @* for the
calibration parameters, before observing the experimental data y~.

e Posterior PDF: The degree of the belief of the values of the true values 8" for the
calibration parameters, after observing the experimental data y~.

e Likelihood: Determined by the model, experimental settings, experimental data, etc.
e Posterior PDF explored by the Markov Chain Monte Carlo (MCMC) sampling method.
* Tool: QULab (Marelli and Sudret, 2014).
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(Lu et al., submitted)
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Experimental apparatus

The Thermal Stratification Testing Facility
(Schneider et al., 2018)
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» University of Wisconsin-Madison
» Cylindrical with H=150 cm and D=32 cm
| » Na as working fluid
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T-H properties
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Performance of the improved 1-D T-S model (1)
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Performance of the improved 1-D T-S model (2)
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Summary

» The correlation of k,,,,, trained with the sodium data, had reasonable performance in the gallium
environment thanks to the non-dimensional numbers used in terms of its establishment.

» This demonstrated the capability of the improved 1-D model to work for different facilities using
different working fluid.

Future work

» In this work, the Re,/Ri was only calculated at the beginning of the problem and assumed to be
identical at all axial levels. For a better performance, in future work we will calculate these non-
dimensional numbers at each node, and have them updated throughout the calculation.

» To improve the jet model.




References

>

>

Peterson, P. F., 1994. Scaling and analysis of mixing in large, stratified volumes. International Journal of Heat and Mass Transfer
37 (1), 97-106.

L. H. Shih, J. R. Koseff, G. N. Ivey and J. H. Ferziger, 2005. Parameterization of turbulent fluxes and scales using homogeneous
sheared stably stratified turbulence simulations. Journal of Fluid Mechanics 525,193-214.

K. Y. M. Lai, M. Salcudean, S. Tanaka and R. I. L. Guthrie, 1986. Mathematical modeling of flows in large tundish systems in
steelmaking. Metallurgical transactions B 17B, 449-459.

W. P. Jones and B. E. Launder, 1973. The calculation of low-Reynolds-number phenomena with a two-equation model of
turbulence. Int. J. Heat Mass Tran. 16, 1119-1130.

S. Marelli and B. Sudret, “UQLab: A framework for uncertainty quantification in Matlab”, Proceedings of the 2nd International
Conference on Vulnerability and Risk Analysis and Management, University of Liverpool, United Kingdom, 2014 July 13-16.

J. Schneider, M. Anserson, E. Baglietto, S. Bilbao y Leon, M. Bucknor, S. Morgan, M. Weathered, L. Xu, “Thermal Stratification
Analysis for Sodium Fast Reactors” proceedings of the international congress on advances in nuclear power plants (ICAPP),
Apr. 9-11, 2018 Charlotte, USA.

B. WARD et al., 2019. Thermal stratification in liquid metal pools under influence of penetrating colder jets. Exp. Therm. Fluid
Sci. 103, 118-125.

C. Lu, Z. Wu, S. Morgan, J. Schneider, M. Anderson, L. Xu, E. Baglietto, M. Bucknor, M. Weathered, and S. Bilbao y Leon, 2020.
An efficient 1-D thermal stratification model for pool-type sodium —cooled fast reactors. Nuclear Technology, available online.

C. Lu, Z. Wu, and X. Wu, 2020. Enhancing the 1-D SFR Thermal Stratification Model via Advanced Inverse Uncertainty
Quantification Methods. Nuclear Technology, Submitted.




	�Validation of the 1-D Thermal Stratification Model in Gallium Environment
	Slide Number 2
	Thermal stratification in nuclear systems
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Slide Number 16

