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ABSTRACT

This thesis aims to study the heat transfer characteristics of a radially
rotating heat pipe (RRHP) by the following procedures; firstly, a quantitative
investigation of heat transfer characteristics, secondly, the visualization of the inside
flow phenomena, thirdly, the establishment of a mathematical model, and finally, the
application of RRHP to reduce disk brake temperature. -

The most important part is systematic investigation of the heat transfer
characteristics. This was accomplished by taking into account the aspect ratio,
inclination angle, inner diameter, rotational acceleration and working fluid. It was
found that the heat flux of a RRHP had an inverse relationship with aspect ratio. It can
be concluded from this result that when the inclination angle increased from 0 to 90
degree, the heat flux slightly decreased, but slightly increased at the inclination angle
of 90 degree. The RRHP with lower inner diameter could transfer higher heat flux
than that with higher inner diameter. The higher liquid density of working fluid, the
lower the heat flux that the RRHP could transfer. All of the experimental results of the
heat flux of a RRHP at the vertical and the horizontal position could be correlated as
follows, which is proposed as the general correlation to predict the heat transfer of the
RRHP.
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The standard deviations from these correlations were +13.1% and +10.8%
respectively.



To visualize the inside flow phenomena, the effects of aspect ratio,
inclination angle and rotational acceleration were observed using a glass evaporator
section of a RRHP. It was found that as the aspect ratio increased from 5 to 20, the

internal flow patterns of bubble flow and annular flow, which was the flow pattern
inneed, changed to bubble flow, churn flow and annular flow. The heat flux then
changed drastically. Inclination angle affected the internal flow pattern such that,
when the inclination angle decreased from 90 — 50 deg., the flow pattern at the upper
part of evaporator section remained as annular flow while that of the lower section
involved bubble flow with the size of vapor bubbles decreased. However, when the
angle decreased further from 50 — 0 deg., the flow pattern at the lower part changed to
annular flow. The effect of the rotational acceleration on the internal flow patterns is;
although at all acceleration the internal flow patterns were bubble flow and annular
flow, but at high rotational acceleration the condensate quickly returned to evaporator
section and swept the liquid film at all time.

From the quantitative and visualization study, a mathematical model can be
established. The theory of Nusselt-type thin film condensation, internal friction flow
and basic governing equations were incorporated in the model to evaluate the heat
flux of an RRHP. The computer program used was MATLAB® program. From the
mathematical model, the heat fluxes of a RRHP at various conditions was calculated
and compared to those of the experiment. It was found that the mathematical model
results were in good agreement with those of quantitative experiments, especially
when using R123 as working fluid. The standard deviation of the mathematical model
predictions was *+ 27.6%. Errors occurred due to the temperature difference of vapor
temperature and condenser temperature of the RRHP in the experiment, which was
rather high. Also, the condenser temperature was measured only at one point on the
circumferential length and in practice, the film thickness and the film flow return to
the evaporator were not equal, unsteady and non-linear,

Using the results of the quantitative, qualitative and mathematical model
study, we can design the RRHP for high heat flux by selection of the parameters as
follows: low aspect ratio, low inner diameter, high rotational speed and vertical
position,

Finally, the correlation at vertical position found from quantitative study
was utilized in the design of RRHP to reduce disk brake temperature. The 15 tubes of
an RRHP with inner diameter 9.5 mm and length of 100 mm were installed on the
disk brake, employing ethanol as the working fluid. From calculation of the
correlation, at a braking torque of 75 N-m, braking period was 10 seconds per times
and the experiment time was 6 minutes. The RRHP could transfer heat of 392.93
Watts with an efficiency of 0.54, which was lower than that of the calculation.
Possible reasons for this include that the condenser length of each tube was not equal,
since it depends on the empty area of the disk brake. However, a correlation the
condenser length of each tube was equal and as same as the evaporator length.
Overall, the RRHP was shown to give good performance in reducing temperature of a
car disk brake.
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