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Abstract  [Background] The heat pipe reactor has the characteristics of small size, simple system, no pump or
valve or active equipment, and high inherent reliability. It is one of the preferred reactors used in deep sea, deep space
and other fields. In the systematic analysis of the reactor, the point reactor model is often used to deal with the reactor
neutron dynamics problem. Similarly, a heat pipe model is also needed to deal with the heat transfer problem of the
heat pipe during the systematic analysis of the heat pipe reactor. [Purpose] This study aims to solve the problem of
heat pipe simulation method in the process of heat pipe reactor system analysis by proposing an improved heat pipe
model. [Methods] Firstly, a new heat pipe model was proposed to combine the traditional thermal resistance network
model and flat-front method, hence not only had clear and concise physical meaning, but also could simulate the
steady/quasi-steady state of the heat pipe, as well as the startup process of the heat pipe. Then, the one-dimensional
multiphysics tool Simscape in MATLAB/Simulink was employed for simulation analysis of heat pipes by dividing

more fine grids and combining the calculation methods of the thermal resistance network model and flat-front
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method. Finally, the calculation results of this model were compared with the simulation or experimental results in

the literature, and this model was used to deal with the problem of equivalent multiple heat pipes with a single heat

pipe. [Results] Simulation results of the proposed new model show that a smooth and continuous time-temperature

curve is obtained without a step curve. Comparison results indicate that the maximum temperature difference is less

than 15%, and the maximum temperature difference is at the heat pipe evaporator wall. [Conclusions] This model

can simulate the heat pipe in different states, with accurate calculation results and less computational burden.
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Table 1 High temperature heat pipe system parameters

2% Parameters B Value |5 % Parameters #{H Value
JN#H 70 B 4% Heater unit diameter / cm 11 FAE 4P % Heat pipe outer diameter / cm 1.27
Jn#ee 6K ¥ Heater unit length /cm 25 FAE BE ) Heat pipe wall thickness / cm 0.089
Jn#E 0 KL Heater unit material U8Mo W 05 JE B Wick thickness / cm 0.046
Jn#As B4% Heater diameter / cm 4 W EFL R 26 Porosity 0.6
% H #4312 Output thermal power / W 3000 7% R B E Length of evaporator / cm 25
A B IC E4Z Cooler unit diameter / cm 11 2 B JE Length of adiabatic section / cm 50
A HI B K Cooler unit length /cm 25 e B K BE Length of condenser / cm 25
AHEN B IEHA KL Cooler unit material Cu & S A Bl Container material 310S Stainless steel
ARGV TE Initial temperature of the system 300 WA #E Wick material 316L Stainless steel
#FHE BF: Number of heat pipes 8 #E T Working fluid Na
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Table 2 Main parameters of network model

24 Parameters A Value | 2%} Parameters il
Value

B BEJEE Wall thickness /m  0.001 T RER LI (pC ), Density multiplied by heat capacity of wall 4.64x10°
/J-(m*K)"

W30S J5- P Wick thickness/ m - 0.001 & BEHG % Thermal conductivity of wall / W-(m-K)™ 21.7

EABER 0.014 WS 0% FE AR (pC )., Effective density multiplied by heat 1.05x10°

Vapor channel diameter / m capacity of wick / J-(m*K)™

HRBKE 0.105 W B0 E AT 25 5 3R Effective thermal conductivity of wick / W-(m-K)™" 45

Length of evaporator / m

ALK 0.052'5 VA Bk B A0 3% THT X 9 4% 74 R 20 Convective heat transfer coefficient of 39

Length of adiabatic section / m condenser of outer surface / W+(m’K)™

BB 0.542'5 WIUH DRI 2 Initial heating power / W 623

Length of condenser / m

PREE IR P 300 YZ W B 2 Final heating power / W 770

Environmental temperature / K
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Table 3 Main parameters of flat-front model

%% Parameters / m H{H Value | 24U Parameters #{& Value
B BE JEL R Wall thickness 0.001 65 ||#EF 2B #1475 Heat capacity per unit length of heat pipe / J-(m-K)™" 1100

W 5505 JE B Wick thickness 0.003 1 & BEH 5% Thermal conductivity of wall / W-(m-K)™ 21.7
7558 H4% Vapor channel diameter ~ 0.012 7 FTH 5 51 2 Surface emissivity 0.32

7% K BLHE E Length of evaporator 0.375 % N 2% Heating power / W 289.6

2 B JE Length of adiabatic section 0.745 A T 5 Working fluid Na
e B K FE Length of condenser 0.91 A3 IE  Environmental temperature / K 298.15
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Table 4 Main parameters in the experiment

% Parameters M | =% Parameters B{E Value
Value
4 BE 5 [ Wall thickness / m 0.002 [ ¥J4f% A T% Initial power input / W 0
W 6 JEE B Wick thickness / m 0.000 8 |5 2% AT Final power input / W 2300
755 8 B4% Vapor channel diameter ~ 0.028 4 || T2 34 3% & Power increase speed / W-s™ 2.3
/m
WS FLBR 3 Porosity 0.752 6 | At AR T GHR e & %1 Convective heat transfer 8.9
coefficient of outer surface of condensation section / W+ (m*-K)™
7% R BLK Z Length of evaporator /m  0.40 R FEST K Surface emissivity 0.75
A B K ¥ Length of adiabatic 020 || AP BLAMNERZE B AR AR 5
section / m Equivalent thermal resistance connected to the outer surface
of the adiabatic section / K+ W™
B F Length of condenser 0.40 & 5e MKl Container material 3108 Stainless
/m steel
85 E Environmental temperature 299 W E A4 L Wick material 316L Stainless
/K steel
A 17 Working fluid Na
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Table 5 Main parameters of heat pipe

Z: ¥ Parameters HU1H Value Z ¥ Parameters H1A Value
EREJE 0.089 MR 310S Stainless steel
Wall thickness / cm Container material
W S s L 0.046 W Y O L 316L Stainless steel
Wick thickness / cm Wick material
HARER 1.0 P LI Na
Vapor channel diameter / cm Working fluid
W AL 2 0.6 IR 300
Porosity Environmental temperature / K
*x6 RERGBEXEHEESH
Table 6 Main parameters of the fan-shaped region of the heat pipe system
2 Parameters ¥U{H Value|Z % Parameters ¥/ Value
JE#E T E Length of heater unit / cm 25 A1 BT K JEF Length of cooler unit / cm 25
Jn#3h = Output thermal power / W 375 AHI BT R Cooler unit material Cu
Jn# R IE A Bl Heater unit material USMo A1 B0 5 & Cooler unit mass / kg 23625
Jn#A LT i & Heater unit mass / kg 4.025 IR VA 1% 2% #4BH Thermal resistance of external cooling 0.8
equipment / K- W™
W VA E 15 7% ¥ Temperature of external cooling equipment / K 300

RT FUNRERGNERESH

Table 7 Main parameters of the equivalent heat pipe system

Z4) Parameters HfH |54 Parameters 1H
Value Value
JFAE IO E Length of heater unit / cm 25 |3 15 56K & Length of cooler unit / cm 25
JN#AIh 2 Output thermal power / W 3000 |¥ 1 ITHTEL Cooler unit material Cu
Jn# R I Bl Heater unit material U8Mo |4 1 52 JT Jfi & Cooler unit mass / kg 18.9
JN#AA JC i 7 Heater unit mass / kg 32.2  |AMERVA #1154 #4PH Thermal resistance of external cooling equipment 0.1
/KW'
AV #1115 4515 FE Temperature of external cooling equipment / K 300
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