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ABSTRACT

Experiments have been conducted here to investigate how the channel size affects
the flow boiling heat transfer (including subcooled and saturated flow boiling) and
associated bubble characteristics of the ozone friendly refrigerant R-134a in the
horizontal annular duct with the gap between the inner and outer pipes of the duct
being relatively small. Both the subcooled and-saturated flow boiling characteristics
are considered. The gap of the duct is varied from 0.2 to 2.0 mm in this study. The test
section for the horizontal annular duct-consists of an outer pipe made of Pyrex glass
and an inner heated copper pipé¢; intending to" measure the boiling heat transfer
coefficient and to facilitate the visualization of boiling processes. A cartridge heater is
installed inside the inner pipe to provide the required heat flux to the refrigerant flow

in the narrow annular duct.

First, the experimental heat transfer data for the saturated flow boiling of R-134a
in the horizontal narrow annular duct are examined. From the measured boiling curves,
the temperature undershoot at ONB are insignificant for the saturated flow boiling of
R-134a in the duct. The saturated flow boiling heat transfer coefficient increases with a
decrease in the gap size of the duct. Besides, raising the imposed heat flux can also
cause a significant increase in the boiling heat transfer coefficients. However, the
effects of the refrigerant mass flux and saturated temperature on the boiling heat
transfer coefficient are small. The results from the flow visualization show that the
mean diameter of the bubbles departing from the heating surface decreases slightly at
increasing mass flux. Besides, at a high imposed heat flux many bubbles generated
from the cavities in the heating surface tend to merge together to form a big bubbles

and in the smaller ducts with the gap at 0.2 and 0.5 mm the bubbly flow changes to a



slug flow. The slug flow in the ducts is characterized by a number of liquid slugs

interdispersed with big bubbles along with small bubbles in the liquid slugs.

Then, the experimental heat transfer data for the subcooled flow boiling of
R-134a in the narrow duct have been expressed in terms of boiling curve and boiling
heat transfer coefficient. From the boiling curves, the temperature undershoot at ONB
are significant for the subcooled flow boiling of R-134a in the duct. The subcooled
boiling heat transfer coefficient increases with a reduction in the gap size, but
decreases with an increase in the inlet liquid subcooling. Besides, raising the imposed
heat flux can cause a significant increase in the boiling heat transfer coefficient.
However, the effects of the refrigerant mass flux and saturated temperature on the
boiling heat transfer coefficient are milder. Visualization of the subcooled flow boiling
processes reveals that the bubbles are suppressed by raising the refrigerant mass flux
and inlet subcooling. Moreover, raising the imposed heat flux produces positive effects
on the bubble population, coalescence, departure frequency. Furthermore, a decrease in
the saturated temperature results in @ reduction in the bubble departure frequency and
active nucleation site density. I the smallér ducts: with & = 0.2 & 0.5 mm subject to a
high heat flux a change fromthe bubbly flow to the slug flow also occurs. The bubble
departure frequency and the mean speed of the big-bubbles in the slug flow increase at

reducing duct size.

Correlations for the subcooled and saturated flow boiling heat transfer coefficients
of R-134a in the narrow annular duct are proposed. Besides, data for some quantitative
bubble characteristics such as the mean bubble departure diameter, departure frequency

and the mean active nucleation site density have been correlated.
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