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(A Visual Study on Nucleate Boiling Phenomena in a

Closed Two-Phase Thermosyphon)
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Abstract :

This is an experimental study conducted to visualize the nucleate boiling
phenomena and flow regimes occurring inside the liquid pool in a closed
two-phase thermosyphon. To meet this purpose, an annular-type thermosyphon
was designed and manufactured using a glass tube and a stainless steel tube,
being assembled axisymmetrically.

The heat to be supplied to the working fluid is generated within a very thin
layer of stainless steel tube wall by applying a high frequency electromagnetic
field through the induction coil, axisymmetrically set around the evaporator zone.

Some important results were as follows .

1) Considering the structural complexity of the tested thermosyphon, it showed
good performance for the range of heat flux, 2< q" <25kW/m® and saturation
vapor pressure, 0.1<Pv<l.1bar
2) different type of nucleating boiling regimes were observed as described
below.

-Pulse boiling regime : Flow pattern changed cyclically with time during 1
cycle of pulse boiling process. The onset of Nucleation was followed by
expulsive growing of wvapor bubble, resulting in the so called blow-up
phenomenon, massive expulsion of large amount of liquid around the bubble.
—-Transient : Some spherical vapor bubbles were observed growing out from 2~
3 nucleating sites, that was dispersed at the lower part of the heated tube wall
in the liquid pool. But the rest upper region above the nucleating sites were
filled with churns or bubbles of vapor.

-Continuous nucleate boiling regime : The whole zone of evaporator was filled
with lots of spherical vapor bubbles, and the bubbles showed tendency to
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decrease in diameter as the heat flux increased.
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ol g AlY4E Table 134 7.

Table 1 Specification of the annular thermosyphon manufactured
visualizing experiment

Component Material Dimension{rmm)
Stainless steel(inner pipe) [Outer diameter 1 19.056
Container Inner diameter : 16.05

Length of Evaporator : 300
Length of adiabatic : 100
Length of Condenser : 200

Glass (Outer pipe) Outer diameter 34
Inner diameter 1 32
Working fluid {Ethanol Purity 1 99.99%

Charge ratio : 40%
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Photo.l Variation of flow regime with time inside the liquid pool
during cycle of pulse boiling process tw=6.2kW/m’
Pv=0.22bar).
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Photo.l Continued.
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Photo.2 Churn or bubbly flow Photo.3 Bubbly flow regime in
Regime in transient region. continuous nucleate region.
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