
Heat Transfer and Pressure Drop in Flow
Boiling in Microchannels: A Comprehensive
Exploration
The rapid advancements in electronics and energy technologies have
fueled the demand for efficient thermal management solutions.
Microchannels, due to their exceptional heat transfer capabilities and
compact size, have emerged as a promising avenue to address these
challenges.
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Flow boiling, a two-phase heat transfer phenomenon, plays a pivotal role in
microchannel cooling systems. Understanding the heat transfer and
pressure drop characteristics of flow boiling is crucial for optimizing the
design and performance of these systems.

Fundamentals of Heat Transfer and Pressure Drop in Flow Boiling
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Flow boiling in microchannels occurs when a liquid phase transitions to a
vapor phase under the influence of heat flux. This transition is
accompanied by a significant increase in heat transfer efficiency.

Heat Transfer Regimes

Depending on the heat flux and mass flow rate, flow boiling in
microchannels exhibits distinct heat transfer regimes:

Nucleate Boiling: Characterized by the formation of discrete bubbles
on a heated surface.

Transition Boiling: An intermediate regime where both nucleate and
film boiling occur.

Film Boiling: A vapor film forms between the heated surface and the
liquid, resulting in a decrease in heat transfer.

Pressure Drop

Pressure drop in flow boiling microchannels is influenced by factors such
as friction, acceleration, and evaporation. Friction losses dominate at low
heat fluxes, while evaporation-induced pressure drop becomes significant
at higher heat fluxes.

Applications of Flow Boiling in Microchannels

Flow boiling in microchannels has found wide-ranging applications in:

Electronic Cooling: Providing efficient heat removal from high-power
electronic devices.



Energy Systems: Enhancing heat transfer in compact heat
exchangers and microreactors.

Medical Devices: Enabling miniaturization of surgical tools and
medical implants.

Advancements in Flow Boiling Research

Recent research in flow boiling in microchannels has focused on:

Surface Modification: Modifying channel surfaces to enhance heat
transfer and reduce pressure drop.

Working Fluids: Investigating alternative fluids with improved
thermophysical properties.

Flow Configurations: Optimizing flow patterns to enhance heat
transfer and mitigate pressure drop.

Critical Heat Flux (CHF)

CHF is a critical parameter in flow boiling microchannels, representing the
maximum heat flux that can be sustained without leading to a surface
burnout. Understanding the mechanisms and prediction of CHF is essential
for safe and efficient system operation.

Heat transfer and pressure drop in flow boiling in microchannels is a
complex and fascinating subject. This article has provided a
comprehensive overview of the fundamentals, applications, and
advancements in this field.

With the continuous miniaturization of electronic devices and the growing
demand for efficient energy systems, flow boiling in microchannels will



continue to play a significant role in future thermal management solutions.
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