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Flow boiling and condensation are two fundamental phase-change
processes that play a critical role in various engineering applications,
including thermal management, cooling, and microfluidics. In recent years,
there has been a growing interest in flow boiling and condensation in
microscale channels due to their potential for enhanced heat transfer and
reduced energy consumption.

Fundamental Principles

Flow boiling occurs when a liquid is heated in a channel and undergoes a
phase change to become a vapor. This process involves the formation of
bubbles and the subsequent growth and detachment of these bubbles from
the channel walls. Condensation, on the other hand, occurs when a vapor
is cooled and undergoes a phase change to become a liquid. This process
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typically involves the formation of droplets on the channel walls and the
subsequent growth and coalescence of these droplets.

The fundamental principles governing flow boiling and condensation in
microscale channels are similar to those in macroscale channels. However,
the reduced dimensions of microscale channels introduce unique
challenges and opportunities. For example, the surface tension forces
become more dominant in microscale channels, leading to the formation of
smaller bubbles and droplets.

Applications

Flow boiling and condensation in microscale channels have a wide range of
applications in various industries, including:

Thermal management: Microscale channels can be used to enhance
heat transfer in high-power electronic devices, such as
microprocessors and integrated circuits.

Cooling: Microscale channels can be used to provide efficient cooling
in applications such as data centers and telecommunications
equipment.

Microfluidics: Microscale channels are used in microfluidic devices for
applications such as chemical analysis, drug discovery, and medical
diagnostics.

Recent Advancements

In recent years, there have been significant advancements in the field of
flow boiling and condensation in microscale channels. These



advancements include:

Development of new flow patterns: New flow patterns have been
identified in microscale channels, such as annular flow and slug flow.

Enhanced heat transfer: Researchers have developed new methods
to enhance heat transfer in microscale channels, such as using
nanofluids and surface modifications.

Improved modeling and simulation: Computational models have
been developed to better predict the behavior of flow boiling and
condensation in microscale channels.

Flow boiling and condensation in microscale channels is a rapidly growing
field with a wide range of applications in thermal management, cooling, and
microfluidics. The fundamental principles governing these processes are
similar to those in macroscale channels, but the reduced dimensions of
microscale channels introduce unique challenges and opportunities.
Recent advancements in the field have led to the development of new flow
patterns, enhanced heat transfer, and improved modeling and simulation
techniques. These advancements are expected to further expand the
applications of flow boiling and condensation in microscale channels in the
years to come.

Further Reading

Flow Boiling and Condensation in Microscale Channels (Mechanical
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Microscale and Nanoscale Heat Transfer by S. Kakaç, B. Li, and A.
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