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Effects of the Mass of Working Fluid on the Thermal Performance
of Heat Pipe with Axial Grooves
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ABSTRACT: An analytical and experimental study of the thermal performance of axial heat
pipe with axial groove is conducted to determine the optimal mass of working fluid for the
maximum heat transport capacity of heat pipe with axial grooves. Generally, the mass of
working fluid has been fully charged by considering only a geometrical shape of axial grooves
embedded in a heat pipe. When the heat pipe is operated in a steady state, the meniscus re-
cession phenomena of working fluid is occurred in the evaporator region. In this work, the
optimal mass of working fluid was obtained from the axial variation of capillary pressure, the
radius of curvature and wetting angle of meniscus of liquid-vapor interface. Experimental re-
sults were also obtained by varying the mass of working fluid within a heat pipe, and pre-
sented for the maximum heat transport capacity corresponding to the operating temperature
and the elevation of heat pipe. Finally, the analytical results of the optimal mass of working
fluid were compared with those of the experimental mass of working fluid.
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Fig. 1 Schematic of an experimental apparatus.
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Table 1 Specifications of a heat pipe used in

this study
Properties Values
Pipe material Aluminium
Working fluid Ammonia
Groove width (w) 0.46 mm
Base groove width 097 mm
Vapor core diameter (D,) 7.43 mm
Groove depth 1.05 mm
Number of grooves (V) 21
Groove wick porosity ( &) 0.363
Cross section area of heat pipe{11.68x 14.73 mm?
Condenser length (L.) 300 mm
Adiabatic length (L) 449 mm
Evaporator length (L) 140 mm
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Fig. 2 Schematic diagram of heat pipe: (a) dimensions and cross section of heat pipe, (b) enlarged
section of groove filled with liquid.
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Fig. 3 Wall temperature distributions for the operating temperature of 293 K at H=0 mm.
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Fig. 4 Wall temperature distributions for the operating temperature of 203 K at H=10 mm.
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