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ABSTRACT

Parameter dependency of the thermal performance and internal flow phenomena
of a closed-loop oscillating heat pipe (CLOHP) have been experimentally investigated.
Quantitative data thus generated is used to formulate semi-empirical correlations
which are efficiently applied to prédict the thermal performance of the tested
CLOHPs. The effect of each parameter on the thermal performance is studied by
testing the CLOHPs made of copper tube. The phenomenological operational
characteristics and the associated physics are 6bserved by testing the CLOMPs made
of Pyrex glass tube. For the copper CLOHPs, the influent characterization has been
done for the internal diameter (2.03, 1.06 and 0.66 mm), evaporator length (50, 100
and 150 mm), number of turns (varied from 5 to 23), working fluid (water, ethanol
and R123) and inclination angle mode (from vertical bottom heat mode to vertical top
heat mode). The transparent CLOHPs are completely made of glass tube with 2 mm
inside diameter and the working fluid employed is R123. The tested parameters in case
of the glass CLOHPs cover the extremé range of a CLOHP operation, i.e. the
evaporator length of 50 and 150 mm, the. number of turns of 10 and 28 and the



operating orientation changes from vertical bottom heat mode to horizontal
orientation. Both the copper and glass CLOHPs are investigated at 50% filling ratio of
the total device volume. The heat source and heat sink temperatures are always
maintained at 80°C and 20°C, respectively. The quantitative results indicate a strong
influence of gravity, number of turns and internal diameter on the achievable heat
throughput. A certain critical number of turns is required to make horizontal operation
possible. The thefmophysical properties of working fluids affects the performance
based on the boundary conditions of CLOHP operation. It is seen from visualization
results that the two-phase flow patterns are divided into four cases by using a critical
number of turns and the operating orientation. The internal flow patterns are both the
annular and slug flows for bottom heating mode and for horizontal orientation only
slug flow is found. The CLOHP can work at horizontal mode when the number of
turns is more than or equal to a critical value (n>n.q) because of the existence of the
vapor plug/liquid slug circulation. Thereafter semi-empirical correlations for the
thermal performance of a CLOHP have been formulated by using dimensional analysis
along with these results. The semi-empirical models consist of two types, i.e. a semi-
empirical correlation and a dimensional semi-empirical correlation. A correlation is
calculated by using the curve fitting of power function of the interesting dimensionless
groups corresponding to the physical phenomena of heat and mass transfer with
reliable data sets. It is seen that the semi-empirical correlations can be well used to
design a practical CLOHP with n2nci: and 50% filling ratio, in which a CLLOHP can
operate at both bottom and horizontal heating modes with high performance. The
dimensional semi-empirical correlation can be efficiently and easily used to predict the

thermal performance of a practical CLOHP with 50% filling ratio.
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