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ABSTRACT

This thesis aims to study the heat transfer characteristics of a closed-end oscillating
heat pipe (CEOHP), by the following procedur‘es'; firstly, an investigation of heat transfer
characteristics, secondly, the visualization of the inside flow phenomena, thirdly, the
establishment of mathematical model, and finally, the application of CEOHP to the heat
exchanger.

The most important part is systematic investigation of the heat transfer
characteristics. This was accomplished by taking info account the filling ratio, inclination angle,
inner dia_mefer, evaporator length, number of turns and working fluid. It was found that the radial
heat flux at all inclination angles reached the maximum values at a filling ratio of 50%. The
CEOHP with short evaporator length (L) could operate at all modes (top, hoﬂzonﬁl and
bottom), but this condition could not be obtained with the L, of 150 mm. At the same operating
condition, the larger the L, the heat flux was lower, e.g. for the R123 CEOHP with internal
diameter (ID) 2.03 mm, 42 turns, the heat fluxes at horizontal mode were 7646 and 4977 Wim’
for the L_ of 50 and 150 mm respectively. The CEOHP with lower number of meandering turns

could transfer higher heat flux than that with higher number of meandering turns, e.g. for the



R123 CEOHP with L, 50 mm ID 2.03 mm, the heat fiuxes at horizontal position were 10172 and
7646 W/m’ for the number of turns of 14 and 42 respectively. The higher latent heat of working
fluid, the lower the heat flux that the CEOHP could transfer, e.g. for the CEOHP with L, 50 mm,
iD 2.03 mm, 42 turns, the heat fluxes at horizontal position were 7646 and 4977 W/m® for R123
{h,= 161 ki/kg) and water (h,= 2381 kl/kg) respectively. All of the experimental results of the

heat flux of a CEQHP at the horizontal and the vertical position could be correlated as follows;
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which were proposed as the general correlation to predict the heat transfer of the CEOHP. The
standard deviation from these equation were +30% and £ 29%.

To visualize the inside flow phenomena, the effects of evaporator lengths, number of
turns and working fluids at the vertical position were observed using a glass CEQHP. It was
found that when the L_decreased from 150 to 50 mm, the main flow changed from the slug flow
with annular flow to slug flow with bubble flow. The length of vapor bubbles rapidly decreased.
The velocity of vapor bubbles slightty increased. The frequency of temperature osciilation
slightly increased as the amplitude rapidly decreased, the heat flux rapidly increased. When the
number of meandering turns decreased from 28 to 10 turns, the flow pattern remained at slug
flow with bubble flow. The length, the velocity of vapor bubbles, the frequency of temperature
oscillation, the amplitude and the heat flux were nearly constant. When h;, decreased, the main
flow changed from the slug flow with annular flow to slug flow with bubble flow. The length and
velocity of vapor bubbles rapidly decreased. The frequency of temperatﬁre oscillation of working
fluid slightly increased as the amplitude of temperature oscillation rapidly decreased, the heat
flux rapidly increased. Slug flow together with bubble flow produced the highest heat flux.

From the quantitative and visualization study, the mathematical model can be
established. The principles and theories of internal friction flow, basic governing equations and
finite difference scheme were applied in the model to evaluate the heat flux of CEOHP, The

computer program used was MATLAB ~ program. From the mathematical model, the heat fluxes
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of a top heat mode CEOHP at various conditions was calculated and compared to those of the
experiment. It was found that the heat flux from the model agreed with those of quantitative
experiment in some degree. From the comparison, a corrective expression of the heat flux can be
determined and used to modify the correlation. The prediction with corrective expression was
Quyp = 3><10_5q;;,i15 with the standard deviation was T 30%. From the comparison of heat
fluxes from the prediction with to that of the heat flux from the quantitative study, it was found
that the difference of heat flux from experiment and model was about 16%. When evaporator
length of the CEOHP increased the heat flux decreased. If the inner diameter increased the heat
flux increased,

Finally, the correlation at vertical position found from quantitative study was
utilized to design the CEQHP air-pre heater for a normally-available dryer. The dryer was
constructed and tested to compare with the simulated results. From the predicted results with a
hot gas temperature of SOOC,Aa hot gas velocity of 4.25 m/s, a CEOHP of 8X36 turns using
ethanol as the working fluid, it was seen that it could transfer a heat of 7164 Watts and had a
thermal effectiveness of 0.72. The actual heat transfer rate of CEOHP air preheater became 6110
Watts and had the thermal effectiveness of 0.54, which was within an acceptable standard
deviation +29% from correlation. In addition it was found that the heat transfer rate and the
thermal effectiveness of the CEQHP air preheater was proportional to that of the hot gas inlet

temperature and number of turns.
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