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Extended Abstract

It is well known that aluminum-ammonia heat pipe (AAHP) is an efficient two-phase heat transport device and has been
widely utilized for high power satellite thermal management. The heat pipe requires a wick structure throughout to return
liquid from the condenser to the evaporator. Axial grooved extruded wick is the typical type used in AAHP to provide high
permeability and associated low liquid pressure drop compared with sintered or mesh wick. In addition, several studies
investigated different kinds of groove shapes, including rectangular, triangular, trapezoidal, and omega shapes [1-2]. Among
them, the omega-shaped groove has better heat transfer performance than the other shapes but is relatively difficult to
fabricate [3].

In this study, hybrid wick AAHPs were developed based on the U-shape axial grooved configuration with novel wick-
sleeve (WS) structure. The design is expected to solve the extrude aluminum wick limitation and increase overall thermal
performance through enhance capillary force and release the entrainment limitation. The cylindrical WS structure is
fabricated using the AlSi10Mg 3D-printing technique and then be integrated into the axial grooved wick of the heat pipe.
The WS is the type of screen wire mesh with an average porosity of 53%. The length of each WS is 250 mm, about one-third
of the heat pipe length. Several configurations were attempted and investigated, include the WS install locations and its
external fin designs. The install locations mean the WS be installed on the evaporator, condenser or both sections of the heat
pipe. The external fin designs indicate the WS has zero fin, three fins or six fins protruding radially outward. Furthermore,
these fins engage with the U-shape axial grooves of heat pipe while installing the WS structure.

The experimental setup of the AAHP is placed horizontally, and 12 thermocouples are evenly arranged along the axis
of the AAHP on the evaporator, adiabatic, and condenser sections. The length of each section is 250, 170, and 240 mm,
respectively. Heating plate heats the evaporator section and the output power is gradually increased until it reaches 300 W.
Cooling plate cools the condenser section with fixed temperature of 10°C. The transient temperature response of the AAHP
is recorded with the data sampling interval of one second.

The experimental results show that the AAHP has better thermal performance with the configuration of WS be installed
only on the evaporator section. The WS on the condenser section retains more working fluid, which results in higher
resistance to the vapor flow and higher thermal resistance between the hot vapor and the cooling plate. Furthermore, the
external fin design of WS is also a factor that affects the overall performance. The dry-out phenomenon appears earlier for
the type of zero fin, whereas the types of three fins and six fins eliminates this problem.
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