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Abstract Molten salts are highly suitable heat transfeidfufor high temperature applications, such as next
generation nuclear reactors but also concentratked power systems, owing to their stability angamity

to transfer heat safely at low pressures compaoedeig. pressurised water. The design of relevant
components and equipment, and the operation ot thesulting plants depend crucially on reliablethea
transfer descriptions, which have proven a cha#agigen the harsh conditions in which relevant deteds

to be generated. Some experiments have been peddmthe literature, nevertheless, the resulte Heen
associated with significant deviations from expectes (predictions) based on standard heat transfer
correlations. In this paper we re-interpret suctadeom the literature based on revised knowledigthe
thermal properties of these salts, and show thaidfis done appropriately, standard correlatenmesindeed
applicable to molten-salt flows with errors simitarthose expected from such empirical approaches.
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1. Introduction experimental data and, consequently, large
deviations between different experimental

Molten salt reactors (MSRs) are Currenﬂy studies [2], from which little confidence could
being considered as possible Generation-IV be gained into the use of these correlations for
nuclear reactor options due to their inherent design and operation purposes.
safety and potentially better economics [1]. This present study proposes to review
Despite the great promise of MSRs, much exhaustively and to reinterpret data generated
research is still needed to examine their in previous experimental studies concerned
viability and operability. Of primary With the thermohydraulic performance of
importance is the rigorous evaluation of the molten salts at elevated temperatures, in order
applicability of standard thermohydraulic o obtain revised information on the validity of
correlations to molten salt flows, such the standard thermohydraulic correlations. This
Dittus-Boelter correlation: analysis is conducted in light of recent

progress in our knowledge of the thermal
(1) properties of molten salts, which can allow for

a correct re-evaluation of the experimental
data available in the literature [3,4].

Nu = 0.023Re?8 pr"

wheren = 0.3 for cooling and = 0.4 for heating.
Critically assessing the validity of such _— . .
heat transfer correlations is paramount to 2. Preliminary Resultsand Discussion
obtaining accurate values of the heat transfer ) , .
coefficient to be used in the thermohydraulic . An extensive data gathering activity from a
design of MSRs. A wide range of experiments Wide range of previous experimental studies
was therefore conducted in the past to r€garding heat transfer correlations of molten-

investigate standard heat transfer correlations salt flows is currently being conducted,
for different molten salt types. However, the COVEring both different molten salt types and

lack of accurate knowledge of the thermal different flow regimes. In parallel to this
properties (particularly the thermal EXercise, the data is being reprocessed by

conductivity) led to inaccurate evaluations of @PPlying recent and accurate values of the
the dimensionless numbers from the raw transport properties of molten salts in order to
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Figure 1. Comparison of the reprocessed experirhdata and the Dittus-Boelter’s equation.

obtain reliable values of the relevant non- The Molten Salt Reactor (MSR) in Generation 1V:
dimensional numbers. In addition, the uncertaintyOverview and Perspectives. Progress in Nuclear
(95% confidence interval) in the values of theseEneray, 77, pp.308-319. _
dimensionless numbers is calculated by using the: Ambrosek, J., Anderson, M., Sridharan, K,

: - llen, T., 2009. Current Status of Knowledge of the
combined uncertainty approach. The results ar P ;
: e . luoride Salt (FLiNaK) Heat Transfer. Nuclear
being critically analysed and compared against echnology, 165(2), pp.166-173.

standard heat transfer correlations to understangd Le Brun, N., Markides, C.N., 2015. A Galinstan-

their validity and uncertainty. Filled Capillary Probe for Thermal Conductivity
Preliminary results from this effort are shown Measurements and its Application to Molten
in Figure 1, which indicates that the reprocessed=zutectic KNQG-NaNGQ-NO, (HTS) up to 700 K.
experimental data match well with the standardinternational Journal of Thermophysics, 36(10-11),
Dittus-Boelter’s correlation, with some isolated pp. 3222-3238.
exceptions. The original trend-line fitted by Grele 4. Jin, Y., Cheng, J., An, X, Su, T., Zhang, R,, L
[6] is approximately 40% lower than the Dittus- Z. 2016. Accurate Viscosity Measurement of
Boelter's equation but the deviation is less thanNglrgrt_eé'r/] I;I:trltei3§7alts fosria%ogggntrated Solar Rowe
g% When using updated transport properties as I : Silverma?nY’M.D.’, FI)-|plintley, WR Robertson, H.E.,
one in the present work. More experlmental1

. ) 976. Heat Transfer Measurements in a Forced
data will be analysed in the near future t0 €nSUre-gnyection Loop with Two Molten-Fluoride Salts:

more accurate results and also to investigate otheiF-BeF,-ThF-UF, and Eutectic NaBFNaF (No.
correlations suited for different flow regimes. ORNL/TM-5335). Oak Ridge National Lab.
This work confirms that revised values of the 6. Grele, M.D., Gedeon, L., 1954. Forced-

dimensionless numbers calculated using correcConvection Heat-Transfer ~Characteristics  of
transport property values are closer to theMolten FLiNaK Flowing in an Inconel X System.

standard correlations than the original values, and\ational Advisory Committee for Aeronautics.
therefore that the main disagreement in the’- Hoffman, H.W., Lones, J., 1955. Fused Salt Heat
literature on the efficacy of heat transfer Transfer. Part Il. Forced Convection Heat Transfer

correlations applied to molten-salt flows is down |(rl1\k():|rocg§rl_:l'lu7b7e?s) %Oglf%?é%% Ngﬁ(’)ﬁ;'ﬂgfumcuc
to an incorrect non-dimensionalisation due to8.Cooke,J.W.,Cox,B.W.,1973.Forced-C:onvection
incorrect thermophysical propriety values, ratherjoat  Transfer Measurements with a Molten

than the correlations themselves. Fluoride Salt Mixture Flowing in a Smooth Tube
(No. ORNL/TM-4079). Oak Ridge National Lab.
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