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ABSTRACT

The objective of this research was to study the effect of pipe flattening on heat
transfer characteristics of a flattened heat pipe by using Three-Dimensional Finite
Element Method (3D FEM). The 3D simulation program had been established to
study the effect of pipe flattening on the total heat transfer resistance and phenomena
inside the flattened heat pipe. The calculation domains were separated into three
important regions, i.e., vapor core, wick, and wall. The Cartesian coordinates and the
three-dimensional tetrahedral elements were applied in this model. The selected total
elements were 638,400. The original diameter and total length of heat pipes were 6
mm and 200 mm, respectively. The composite wick which made from sintered copper
powder and grooved copper pipe was used. The thickness of wick and wall were 0.70
mm and 0.30 mm, respectively. The working fluid was water. The vapor flow was
assumed to be laminar and incompressible. The wick was saturated with the working

fluid and the properties of working fluid were uniform along the heat pipe. Results of
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pressure and temperature distributions of the flattened heat pipe were successfully
obtained. Moreover, these pressure drops agreed well with Darcy-Weisbach equation
and ESDU (Engineering Sciences Data Unit) 79012 with the standard deviation of
+13.84% and +26.02%, respectively. It was found that, the pressure drop was the
inverse function of vapor core cross-section area. In addition, the critical value of the
final thickness of heat pipe could be justified from the present 3D simulation which
was about 45% from original diameter. The experiments to validate the previous
calculated have been also conducted with all controlled and varied parameters
keeping as the condition previous explained. Furthermore, the wall temperature
distribution estimated from the 3D finite element simulation agreed well with that
obtained from the experiment. The standard deviation of the wall temperature was +
5.95%. Moreover, when final thickness of flattened heat pipe decreased, the thermal
resistance would slightly decrease resulting from the increase of the contacted surface
but this final thickness of the flattening should not be less than the critical final
thickness. The predicted values of thermal resistance agree well with experiments

with the standard deviation of +32.85%.
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