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Fig.1 Physical model of molten salt electrical resistance heater
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Table 1 Structural parameters of molten salt electrical

resistance heater
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Table 2 Physical properties parameters of molten salt
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Fig.3 Boundary layer setting of molten salt electrical

resistance heater
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Fig.4 Key section location diagram of the heater
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Fig.5 The average temperature and temperature difference
between the molten salt and the outer wall of the heating

tube in different axial positions of the cross—section
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Fig.6 Temperature distribution diagram of molten salt in

longitudinal section
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Fig.7 Temperature distribution diagram of molten salt in a
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typical cross—section in the direction of molten salt flow
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Fig.8 Molten salt temperature at the center and edge of the

cross—section in the flow direction
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Fig.9 Temperature distribution within a typical cross—section
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of a representative heating tube
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Fig.10 Heating tube temperature at the center and edge of

the cross—section in the flow direction
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Table 3 Thermal parameters under different

operating conditions
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Fig.12 Cross section temperature difference of electric heater

under different working conditions
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under different working conditions
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Research on internal heat transfer characteristics of molten salt
electrical resistance heater

Chang Dongfeng'?, Zhao Sihai®, Zhang Guolong'?, Zhao Yang®, Wang Wei'?, Ni Ping’, Zhang Jianyuan'?
Wu Bo®, Luo Qing'?, Wang Fei*

(1.Xi’an Thermal Power Research Institute Co.,Ltd., Xi’an 710054, China; 2.Xi’an TPRI Energy Conservation
Technology Co.,Ltd., Xi’an 710054, China; 3.Huadian Inner Mongolia Energy Co.,Ltd. BaoTou Power Branch,
Baotou 014013, China; 4.Huaneng Power International ,Inc. Rizhao Power Plant, Rizhao 276826, China)

Abstract; The high—temperature molten salt electric heater is the core equipment for achieving
electric heating conversion in the heat storage system, and mastering the internal temperature
distribution characteristics is the key to promoting its structural optimization. A calculation model
for traditional molten salt electrical resistance heater was established, and CFD software was used
to study the temperature distribution characteristics inside the heater by solving the three —
dimensional N —S equation and energy equation. The variation patterns of the temperature
distribution inside the electric heater under different working conditions were obtained. The results
show that the temperature difference between the molten salt and the tube wall gradually increases
along the flow direction, while multiple series arrangements can effectively reduce the heat transfer
temperature difference. The temperature difference between the two at the heater connection can
be reduced from 27 C to 2 C; At the same time, due to the inconsistent density of the internal
heating tubes, the temperature of the molten salt, resistance wire, and filling material in the center
of the cross—section is significantly higher than that at the edge, and with the increase of load, the
temperature gradient gradually increases. When the average heat flux density increases from 5.71
W/ecm? to 28.57 W/em?, the temperature difference of the molten salt in the cross—section increases
from 49 °C to 68 °C. Tt can be seen that reasonable distribution of the electric heating tube layout
is the key to reducing the temperature difference in the cross—section and reducing thermal stress.

Keywords: molten salt heat storage; electric heater; numerical simulation; heat transfer

characteristics
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