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Experimental study on turbulent convective heat transfer of molten salts in circular tubes
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Abstract  [Background] With advantages of large thermal capacity, good chemical stability, high temperature,
molten salt has recently been widely used in concentrated solar thermal power plants, nuclear reactors, chemical
engineerings, and other fields. [Purpose] This study aims at the convective heat transfer characteristics and verifying
the heat transfer laws of molten salt in a circular tube. [Methods] First of all, a thermal experimental loop of Nitrate
(KNO,-53%, NaNO,-40%,NaNO,-7%) was built as basic experimental facility. The turbulent convective heat transfer
coefficient of molten salt in circular tube for fully developed was obtained by Wilson's correction method. Then the
experimental results combining with the experimental data of five kinds of molten salt in the open literature were
fitted to get the experimental correlation of molten salt in the range of 10 000<Re<50 000 and 4<Pr<26 for the
turbulent flow in the round tube. Finally, comparisons of different kinds of molten salt with classical correlation
Dittus-Boelter correlation, Sieder-Tate correlation, Hausen correlation and Gnielinski correlation were conducted.
[Results] The experimental data of molten salt agree well with the existing known relationship, and the deviation was
below 25%. [Conclusion]| The results show that the heat transfer characteristics of the molten salts still conform to
the classical heat transfer relationship.
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Table 1 The measured parameters and uncertainties

SUG ) & 224 Parameters Z 46 B Ranges 1% 22 77 FT Uncertainties
5 L 7L Velocity of molten salt / m-s™ 0.89~5.08 +2.0%

#4535\ 1 E Inlet temperature of molten salt / °C 197.8~302.5 £0.5
#4535 H 1R 5 Outlet temperature of molten salt / °C 196.0~294.2 0.5
N 1 % Inlet temperature of oil / °C 166.6~179.0 0.5
7H HY 1 Outlet temperature of oil / °C 168.1~180.5 0.5
K3 Z 8 Heat transfer coefficient / W-m™ - K™ 1 477.08~2 704.86 2.93%

X% 3% /K #1 Nusselt number 88~68 +7.81%
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Boelter? ) | Hausen"’ . Gnielinski"! fil Sieder-Tate™’
SR s

Dittus-Boelter:

Nu = 0.023Re" Pr"

YIRS, n=0.4; 24 ¥ H AR, n=0.3.
10 000<Re<1 200 000,0.7<Pr<120,L/d>60.

Sieder-Tate:

Nu = 0.027Re"* Pr'” (pu, /u, )"
10 000<Re,0.7<Pr<16 700, L/d>60.

Hausen:
Nu = 0.037(Re"” - 180) Pr**[1+

(DILY”] (ol )™
2 300<Re<1 000 000,0.6<Pr<1 000

Gnielinski :
Nu = 0.012(Re" — 280)Pr'4[1+
(l)/L)2/3](I)}I‘IJ/P}I‘W)(X11

2 300<Re<1 000 000, 0.6<Pr<100 000.
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10 000<Re<50 000 ,4<Pr<26.

R2 RFFCETEY S AR SRR EER

Table 2 Experiment results of five molten salts in the open literature

J% £: P2 Molten salt type

5 1% $035 B Reynolds number

& B45 £ [# Prandt] number

Hitec "'
LiF-BeF,-ThF,-UF,!"
LiF-BeF,-ThF,-UF,*
NaBF,-NaF
FLiNaK™

Lithium Nitrate ""'%

15 349<Re<27 578
10 171<Re<28 499
11 560<Re<14 210
10 354<Re<44 965
13 956<Re<50 000
18 182<Re<46 130

9.1<Pr<11.3
4.9<Pr<9.2
6.6<Pr<1.3
4.9<Pr<5.6
4.5<Pr<7.9
12.7<Pr<14.7
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