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Abstract: Recuperative heat exchangers play a vital role in improving
energy efficiency in various industries. One promising design is the dimple-
shaped heat exchange surface, which offers enhanced heat transfer and reduced
pressure drop. This article explores the potential for further increasing the
efficiency of recuperative heat exchangers by optimizing the geometric shape of
dimple-shaped heat exchange surfaces. By adjusting the dimple depth, diameter,
shape, arrangement, and orientation, heat transfer performance can be
enhanced, leading to improved energy efficiency and cost savings. Experimental
and computational approaches are necessary to optimize the dimple shape
effectively. Continued research and development in this area hold significant
potential for advancing heat exchanger technology and promoting sustainable
energy practices.
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Introduction

Recuperative heat exchangers play a crucial role in various industries, from
power generation to HVAC systems. They facilitate the transfer of thermal
energy between two fluids, improving overall energy efficiency. One design that
has gained attention in recent years is the dimple-shaped heat exchange surface.
This innovative geometric configuration offers potential benefits in terms of heat

transfer enhancement and pressure drop reduction. In this article, we will
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explore how improving the geometric shape of dimple-shaped heat exchange
surfaces can further increase the efficiency of recuperative heat exchangers.

Understanding Dimple-Shaped Heat Exchange Surfaces

Dimple-shaped heat exchange surfaces, also known as enhanced surfaces,
feature a pattern of regularly spaced dimples or depressions on the heat transfer
surface. These dimples alter the flow characteristics of the fluid, promoting
turbulence and enhancing heat transfer. The increased surface area and
improved fluid mixing within the dimples contribute to higher heat transfer
coefficients and reduced thermal resistance.

Challenges and Opportunities

While dimple-shaped heat exchange surfaces offer advantages over
conventional smooth surfaces, there is still room for improvement. The
geometric shape of the dimples plays a crucial role in determining the heat
transfer performance and pressure drop characteristics of the heat exchanger. By
optimizing the shape of the dimples, it is possible to further enhance the
efficiency of recuperative heat exchangers.

Improving Geometric Shape for Increased Efficiency

1. Dimple Depth and Diameter: The depth and diameter of the dimples
significantly impact heat transfer performance. Increasing the dimple depth and
diameter can enhance heat transfer by increasing the surface area available for
heat exchange. However, there is a trade-off between heat transfer enhancement
and pressure drop. Careful optimization is necessary to strike the right balance.

2. Dimple Shape: The shape of the dimples can be modified to improve heat
transfer and reduce pressure drop. While circular dimples are commonly used,
alternative shapes such as elliptical or rectangular dimples can offer advantages.
These non-circular shapes can induce additional turbulence and promote better
fluid mixing, leading to improved heat transfer performance.

3. Dimple Arrangement: The arrangement of the dimples on the heat

exchange surface is another crucial factor. Different patterns, such as staggered
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or inline arrangements, can influence the flow characteristics and heat transfer
performance. Computational fluid dynamics (CFD) simulations can help
identify the optimal dimple arrangement for specific applications.

4. Dimple Orientation: The orientation of the dimples can also impact heat
transfer efficiency. By aligning the dimples in the direction of the primary flow,
the flow resistance can be reduced, resulting in lower pressure drop and
improved heat transfer performance.

Experimental and Computational Approaches

Improving the geometric shape of dimple-shaped heat exchange surfaces
requires a combination of experimental and computational approaches.
Experimental studies involving prototype testing can provide valuable insights
into the heat transfer and pressure drop characteristics of various dimple shapes.
These experiments can be complemented by computational simulations, such as
CFD, which allow for detailed analysis of fluid flow and heat transfer
phenomena. The combination of experimental and computational approaches
enables researchers to optimize the geometric shape of dimple-shaped heat
exchange surfaces effectively.

Conclusion

Recuperative heat exchangers with dimple-shaped heat exchange surfaces
have already demonstrated improved heat transfer performance compared to
conventional smooth surfaces. By further refining the geometric shape of these
dimples, it is possible to enhance the efficiency of heat exchangers even more.
The optimization of dimple depth, diameter, shape, arrangement, and orientation
can lead to increased heat transfer rates and reduced pressure drop, resulting in
improved energy efficiency and cost savings in various industrial applications.
Continued research and development in this area hold significant potential for
advancing heat exchanger technology and promoting sustainable energy

practices.
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