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Dimples and heat transfer efficiency

Abstract

A short review was conducted with regards to functions of dimple structures to
increase the heat transfer efficiency. Dimples are among the important structure in
surface texturing used to improve the parts performance such heat transfer efficiency.
A review of the results of previous research found that dimple surfaced can enhance
the heat transfer rate by up to 150% compared to smooth surfaces, and in certain cases
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the heat transfer rate is about 2.5 times higher than that of smooth surfaces. Therefore,

it is believed that the dimple structure can help to enhance the product performance in
various applications especially involved high temperature service conditions.
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Introduction

Dimple surface is one of the surface textures that are widely
studied today. In general, dimples are already well known from golf
ball aecrodynamics. In the case of golf balls, the application of dimples
is a special form of surface roughness, which shifts the typical drop-
down of the flow resistance for blunt bodies into the low Reynolds
number range. Initially, the idea was to use dimples for drag reduction.

The surface functions are also controlled by the micro/nano-scale
surface structures manufactured artificially such as micro-grooves
and micro-dimple for industrial uses. This is because surface texture
has emerged as a viable option for surface engineering, resulting in
significant improvements in friction coefficient, wear resistance, load
capacity, etc.

It is a well-known device for significantly enhancing heat transfer
rate (generally measured in terms of Nusselt number) with possibly
minimum pressure drop penalties. Belenkiy et al.' showed that there is
150% enhancement of heat transfer rate compared to smooth surfaces
while Chyu et al.? reported that the heat transfer rate is about 2.5 times
higher than that of a smooth surface, and the pressure losses are about
half that produced by conventional rib turbulators.

The enhancement of heat transfer efficiency is needed for a variety
of practical applications such as cooling electronic components, heat
exchangers, cooling along the micro-fluidic passages, in the internal
cooling passages of turbine blades, and even biomedical devices in
continuous operation.

This article presents a mini review about the application of dimple
structure for increasing the heat transfer efficiency form the previous
researcher work.

Previous study regarding the application of dimple
structure in heat transfer

A lot of research has been carried out on various heat transfer
augmenters such as pin fins, louvered fins, offset strip fins, slit
fins, ribs, protrusions and dimples in order to improve the thermal
efficiency of heat exchangers. However, over past few years, dimples
have received much more attention for enhancing heat transfer
in internal cooling passages. This is because the previous research
works have shown that dimples can enhance heat transfer in confined
channels with relatively low pressure loss penalty compared to

other types of augmented heat transfer devices. Ligrani et al.® has
compared several types of heat transfer augmentation techniques and
concluded that dimpled surface shows a high heat transfer capacity
with relatively low pressure loss penalty compared to other types
of heat transfer augmenters that are available. According to Ligrani
et al., the central and edge vortex pairs which are periodically shed
from each dimple (as well as the resulting shear layer reattachments,
boundary layer re-initialisations, and induced local unsteadiness) are
key ingredients in augmenting local and spatially-averaged turbulence
transport levels, and the associated surface heat transfer rates. Unlike
protruding turbulators, heat transfer on dimpled surfaces is enhanced
because vortex structures promote mixing, drawing “cold” fluid
from outside the thermal boundary layer into contact with the wall,
enhancing convective heat transfer. Therefore, a lot of research has
been conducted to determine the pressure loss and heat-transfer
characteristics that are caused by the dimpled surface. Research on
dimpled surfaces is summarised below.

Moon et al.* experimented on the enhancement of heat transfer
using a convex-patterned surface. Moon et al. conclude that
enhancement of heat transfer using a convex patterned surface was
thermally more effective at relatively low Reynolds numbers than that
of a smooth channel. Meanwhile Silva et al.>¢ investigated the flow
structure and heat transfer enhancement of rectangular mini channel
with dimples on one side of the wall. The results showed that the drag
coefficient and heat transfer were increased to some extent. Wei et al.”
& Lan et al.*studied the flow and heat transfer enhancement of micro-
channel with dimple. However, the misuse of boundary condition may
lead to some discrepancies between the simulated results and real flow
in the experiment conducted by Wei et al. The studies showed that
the application of dimple and protrusion in micro-channel heat sinks
could obtain low-pressure penalty and higher heat transfer coefficient
in laminar regime.’

Recently, Suresh et al.'%!" experimentally studied the flow and
heat transfer of CuO—water nanofluids in the channel with dimple in
laminar and turbulent regime. Results show that the use of nanofluids
in a helically dimpled tube increases the heat transfer rate. Experiments
done by Griffith et al.'?; Kim et al.”® in rotating rectangular channels
describe that rotation could increase the heat transfer coefficient on
dimpled surfaces, especially on the trailing dimpled surface, making
it higher than that on the leading surface.
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Mahmood & Ligrani'* conducted research to expose the
characteristics of the flow structure induced by the dimpled surface
on one side wall of a channel with three different channel heights
(H/d = 0.25, 0.50, and 1.00) in the range of ReH = 600-11,000.
The visualization of the flow results showed the shedding of
vertical structures from the dimple cavity. The maximum Nussel
number appeared on the dimple rim and the flat surface adjacent to
the downstream of each dimple. The minimum heat transfer was
observed in the flow-recirculation region inside the dimple. Through
experiments, Burgess et al.'> showed the influence of the dimple depth
and the dimple imprint diameter on heat transfer, and found that the
local and spatially-averaged Nusselt number augmentations increase
with an increase in the dimple depth, for various Reynolds numbers
from 12,000 to 70,000. Doo et al.'® conducted a parametric study on
flows passing through a channel with newly designed surface shapes
that comprised of a combination of dimple and riblet. The superior
thermo-aerodynamic performance, assessed in terms of the volume
goodness factor, was predicted in the riblet-mounted dimple case with
ariblet angle of 60°.

Experiments by Xiao et al.'” show that thermal performance
parameters were higher in a heat exchanger with a dimpled bottom
and smooth top than in a heat exchanger with a dimpled bottom and
protrusions on top in laminar region, and proposed friction factor
ratio and Nusselt number ratio correlations for a heat exchanger
with dimpled bottom and smooth top. Burgess et al.'’; Ligrani'
experimentally investigated the characteristics of the friction factor
and Nusselt number with respect to dimple depth. Both proposed a
Nusselt number ratio correlation as a function of the dimple print
diameter and dimple depth in a heat exchanger with dimples on the
bottom and a smooth top.

Shape optimization studies for dimpled plate heat exchangers
have also been conducted.'?* Choi" & Kim, Shin?® carried out multi-
objective optimization for a heat exchanger with a dimpled bottom
and smooth top, using approximate models obtained via the response
surface method and the Kriging method, respectively. Kim et al.?!
generated a Pareto optimal solution in staggered elliptic dimpled
channels, using an evolutionary multi-objective algorithm with the
Kriging method.

Conclusion

Dimple surfaces can enhance the heat transfer rate by up to 150%
compared to smooth surfaces, and in certain cases the heat transfer
rate is about 2.5 times higher than that of smooth surfaces.
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