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Abstract  [Background] Heat pipe micro-molten salt reactors (HP-MSRs) have emerged as a transformative
technology for extreme environments such as deep-sea and space applications, where compactness, passive safety,
and high-temperature stability are paramount. Molten salt reactors (MSRs) demonstrate enhanced thermal efficiency
and inherent safety due to their low-pressure operation and high-temperature compatibility. Fluoride-based salts, such
as FLiBe (LiF-BeF-), exhibit exceptional thermochemical stability under continuous operation, maintaining structural

integrity at temperatures above 700 °C. However, challenges persist in understanding the coupled heat transfer
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mechanisms and startup characteristics of heat pipes under extreme conditions, particularly when integrated with
thermoelectric power generation systems. Recent advancements in high-temperature heat pipe (HTHP) research
emphasize the need for experimental validation of thermal resistance models and thermoelectric conversion
efficiency. [Purpose] This study aims to validate the design scheme, key technologies, and system integration
capabilities of a molten salt reactor by constructing a high-temperature heat pipe heat transfer experimental platform,
focusing on investigating the startup characteristics of the heat pipe and the coupled heat transfer dynamics within a
thermoelectric power generation system. [Methods] First of all, a high-temperature heat pipe experimental apparatus
was developed, utilizing molten salt (a ternary nitrate mixture with a melting point of 230 °C) as the primary heat
transfer medium. The system was initiated via a hot-state salt-injection protocol under nitrogen protection, using K-
type thermocouples for temperature monitoring. Then, a thermal resistance network model was established to analyze
heat transfer pathways, incorporating radiative and convective effects quantified at 700 °C . Finally, three
experimental protocols, i.e.: 1) Startup phase, the salt was heated gradually from ambient temperature to 700 °C
under a controlled nitrogen atmosphere; 2) Steady-state operation, Thermal conductivity, heat flux, and
thermoelectric voltage output were measured using a T-type differential thermopile under controlled experimental
conditions; 3) Model validation: comparative analysis between experimental data and thermal resistance network
predictions, were applied. [Results] The experimental results demonstrate that the equivalent thermal conductivity of
molten salt reaches 11.2 W-(m-K)™" at 700 °C, driven by enhanced radiation heat transfer (contributing 63% of total
heat flux) and natural convection. The thermal resistance network model exhibits a 44.9% deviation from
experimental data in overall system analysis, primarily due to unaccounted interfacial thermal resistances. However,
the model’ s prediction for the molten salt heat pipe thermal resistance shows only a19.3% discrepancy. This confirms
the feasibility of integrating thermal resistance network methods with experimental validation. Systematic thermal
analysis reveals that the thermoelectric power generation system accounts for 87.3% of total thermal resistance
(0.51 K-W™), emphasizing its dominant role in heat transfer inefficiency. [Conclusions|] This investigation
emphasizes the pivotal function of optimizing thermoelectric heat transfer to enhance the efficiency of molten salt
reactors. The validated thermal resistance validated thermal resistance network model offers a robust framework for
system-level design enhancements. The high thermal conductivity of molten salt under radiative conditions and the
identification of thermoelectric resistance as a primary bottleneck offer actionable insights for future reactor designs.

Key words High temperature heat pipe, Molten salt reactor, Thermoelectric power generation, Thermal resistance

network, Heat transfer characteristics
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Table 1 Experimental apparatus parameters

B4 Component

Z4Y Density / g-em™

i HUNFATIZ Output heating power / kW
K Heat pipe length / cm

I KINFAEE Maximum heating temperature / °C
A K} Vessel material

#5#h Molten salt

T F 4 Heating system

LR %] Insulation material

0~10

100

850

316L

30NaCl-20KCl-50MgCl, mol%

Ve ek vt Ceramic heating tape

10 cm %A LERE4T4E 10 cm Alumina fiber

2 W28 R ~) Reactor vessel dimensions / mm 95x5
Jn#FL4% Salt charging port diameter / mm 38
fit F 44577 30 Energy conversion mode I 2% % H, Thermoelectric power generation
% HI7K L E Cooling water flow rate L/ h 0~420
% HL -5 Thermoelectric generator (TEG) module model TEG-PB-12690
J% H F K %% 5 TEG module dimensions (/xwxA) / mm 80x90x4
J%H B R K % 5 TEG copper base dimensions (/xw /) / mm 120x120%50
=2 BEBH

Table 2 Molten salt parameters
SEOGUR FE Experimental ¥4 £ Melting & FhE Et#% Specific heat — F# R ¥ Thermal
temperature / K point/ K Density / g-em™  Viscosity / cP capacity / J-(g'K)"'  conductivity / W-(m-K)™'
873 373 1.93 1.63 1.41 1.03
973 383 1.88 1.05 1.49 1.03
1073 383 1.83 0.74 1.57 1.03
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Fig.3 Temperature changes at various positions in the system during startup (a) and salt-adding (b) processes (color online)
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Table 3 Calculated value of thermal resistance model
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