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ABSTRACT

To simulate a heat pipe with the MARS-KS (Multi-dimensional Analysis for Reactor Safety — KINS Standard) code, which
is widely used for thermal-hydraulic analysis of nuclear power plant systems, the governing equations have been improved and
relevant thermal-hydraulic models have been developed. For considering the effects of surface tension at the gas-liquid interface
within the heat pipe, capillary pressure term was added to the governing equations. Furthermore, as the internal wick structure
alters the existing flow regimes in MARS-KS, this paper describes the modification of the annular flow regime and the
corresponding method for calculating the interfacial area. The enhanced model was validated against experimental data, which
demonstrates the applicability of the developed model and also suggests the need of improvement of heat transfer model in
condenser part. Future work will focus on implementing a liquid momentum correlation to better predict evaporator dryout and
applying specialized heat transfer models, such as nucleate boiling and film condensation, to improve simulation fidelity. These

developments aim to establish MARS-KS as a robust tool for heat pipe design and safety analysis.

7|2 49 (Nomenclature) surface (m)
p’;”, Pore site density function
Ay Interfacial area (m?) R,. Pore radius (m)
4 Flow area (m’) v, Velocity of fluid (liquid) (m/s)
B, Gravity force in x—direction v, Velocity of gas
C Virtual mass coefficient v, Interfacial gas velocity (m/s)
D, Pipe outer diameter (m) a Void fraction of fluid (liquid volume fraction)
D,,  Wick outer diameter (m) a, Void fraction of gas (gas volume fraction)
D,, Wick inner diameter (m) o Density of fluid (liquid) (kg/m®)
H, Mean curvature of the gas—liquid interface 0, Density of gas
P Pressure (/u) 0,  Contact angle between the liquid phase
F, Vapor pressure (74) and the wick wire (m)
P Liquid pressure (7u) o Surface tension (N/m)
R, Radius of curvature of the liquid corrugated
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I, Mass generation rate (mass transfer rate)
(kg/m®s)
¢ Surface porosity
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Table 1 Heat pipe design parameters®

Parameter Value
Wall inner diameter (mm) 17.3
Wall outer diameter (mm) 19.1
Total length (mm) 610
Length of evaporator (mm) 393
Length of condenser (mm) 170
Inner diameter of wick region (mm) 15.8
Inner diameter of wick region (mm) 17.3
Material Copper
Fluid Water
Porosity 0.77
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