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Abstract

Project Code: MRG5180120

Project Title: Visualization Study of Internal Flow Patterns of Horizontal Closed-Loop
Oscillating Heat Pipe

Investigator:  Asst. Prof. Piyanun Charoensawan [Faculty of Engineering, Naresuan
University]
Prof. Pradit Terdtoon [Faculty of Engineering, Chiang Mai University]

E-mail Address: piyanunc@nu.ac.th or piyanun c@yahoo.com

Project Period: 3 years

Two-phase flow boiling of working fluid within a closed-loop oscillating heat pipe at the
horizontal orientation (HCLOHP) was visualization studied. HCLOHPs were made of Pyrex glass
tube in conjunction with silicone rubber tube. The inside and outside diameters of glass tube were
2 and 7 mm respectively. The evaporator, adiabatic and condenser lengths of HCLOHP were 50
mm. The internal flow phenomena were carefully investigated at the various numbers of turns,
evaporator temperatures and filling ratios of working fluid. Three working fluids i.e., distilled water,
ethanol and silver nano-particles solution with 50 ppm concentration in ethanol were tested.
HCLOHP was installed on the cooling and heating plates and the two-phase flow patterns were
recorded by the high speed still and video cameras. The rate of heat transferred to cooling water at
the condenser was qualitatively evaluated. It was found that the vapor bubble velocity related to
the rate of merging, breaking, expansion and contraction of vapor bubble. The local variation of
fluid working pressure was more corresponding to the fluid motion characteristics than that of
working temperature. The time interval of moving and standstill fluid per minute was attained by the
analysis of the operating pressure variation along the time accompanying with the flow visualization
of working fluid. The vapor fraction of working fluid with a constant filling ratio can be changed by
the influence of number of turns and evaporator temperature. It also relates to the time interval of
moving and standstill fluid. The number of meandering turns extremely influenced the operation
startup of HCLOHP. The maximum thermal performance occurred at the number of 10 turns for all
evaporator temperatures since the vapor fraction and the time interval of moving fluid were
distinctly minimum and maximum respectively. The majority of flow patterns within all HCLOHPs
were slug flow. The annular flow and bubble flow were rarely met. The nucleate boiling was
discovered in HCLOHP filled with water and completely vanished for HCLOHP filled with ethanol.
The maximum thermal performance was occurred at the 50% filling ratio of water because the

nucleate boiling and the longest time interval of moving fluid were attained.

Keywords: Horizontal closed-loop oscillating heat pipe; internal flow patterns; visualization study.
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