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Abstract- Effective heat dissipation is crucial for the optimal performance and reliability of electronic devices,
particularly in the context of modern high-power applications. This review provides a comprehensive
examination of the use of turbulators as a promising technique to enhance the thermal performance of heat sinks.
Turbulators, which include various protrusions, ribs, and swirl-inducing features integrated into the heat sink
surfaces, have shown significant potential in augmenting convective heat transfer. The review begins with an
overview of the fundamental principles of heat sink operation and the importance of efficient heat dissipation in
electronic devices. It then delves into the theoretical foundations of turbulator-induced turbulence and its impact
on convective heat transfer enhancement. The analysis includes a discussion of the key parameters influencing
turbulator performance, such as geometry, spacing, and orientation.
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1. Introduction

Heat sinks play a crucial role in managing the thermal performance of electronic devices, ensuring their optimal
functioning and longevity. Among the various types of heat sinks, plate-fin heat sinks have gained prominence due to
their efficiency and versatility in dissipating heat. In today's rapidly advancing technological landscape, the demand for
high-performance electronic devices has surged, presenting both opportunities and challenges for heat sink technology.
Plate fin heat sinks consist of thin, closely spaced fins connected to a base plate. These fins provide a larger surface area
for heat dissipation through convection. As electronic devices become more powerful and compact, the need for
effective thermal management has become paramount. The current scenario reflects an ever-growing demand for heat
sinks that can efficiently dissipate heat generated by modern electronic components.

A relentless pursuit of miniaturization, increased computing power, and energy efficiency characterize the current
landscape of electronic devices. Devices such as smartphones, laptops, servers, and high-performance computing
systems continually push the boundaries of power density. As a result, these devices generate substantial amounts of
heat that must be efficiently dissipated to prevent overheating, thermal throttling, and potential damage to sensitive
components. Plate fin heat sinks have become a popular choice in this scenario due to their ability to provide effective
thermal management in compact spaces. The growing dependence on electronic devices across various fields has led to
a significant increase in their density and power consumption. This has resulted in a corresponding rise in heat
dissipation, posing a major threat to device performance and lifespan. Studies indicate that temperature is the leading
cause of electronic failures. The miniaturization of electronic devices combined with the demand for higher functionality
and reliability has exacerbated the thermal management problem. As automation permeates diverse sectors, the need
for effective cooling solutions becomes increasingly crucial. Notably, the average new car today contains roughly 40%
electronics, highlighting the widespread presence of sensitive components.

2. Heat transfer mechanism

Heat sinks play a crucial role in electronic devices by removing excess heat generated during operation. They act as a
bridge, transferring thermal energy from the hot device to a cooler fluid medium, typically air, but potentially water,
refrigerants, or oil. When water is used, the heat sink is called a "cold plate™. In thermodynamic terms, a heat sinks acts
as a vast reservoir, absorbing heat without significantly changing its own temperature. However, for electronic devices,
functional heat sinks must maintain a temperature higher than the surrounding environment to facilitate heat transfer
through convection, radiation, and conduction. Electronic power supplies are not perfectly efficient, and the resulting
surplus heat can negatively impact device performance and lifespan. Therefore, heat sinks are strategically incorporated
into the design to dissipate this excess heat, ensuring optimal operation and component longevity.
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Fig 1.4 Heat sink working principle
(https://northslopechillers.com/blog/heat-sinks-and-process-cooling/)

3. Existing Research Work

In recent years, there has been a growing interest among engineers and researchers in exploring the challenges related
to various heat sinks. This increased attention has led to the investigation of these issues through computational,
experimental, and numerical methods.

1. Pourhemmati et al. (2023) the primary objective of this design is to optimize heat transfer by preventing the
amalgamation of boundary layers, all while concurrently reducing both the weight and manufacturing costs. The
computational simulations, conducted using COMSOL metaphysics, involved solving continuity, momentum, and
energy equations under a time-dependent condition. The Plate Fin Heat Sink (PFHS), with dimensions specified as 10
x 5.5 x 4.5 cm, incorporated two fin convergence angles (o = 1.145, 0.572). The experimentation encompassed
variations in the number of fins and applied heat rates, spanning from 4 to 7 fins and 2.5 W to 20 W, respectively. The
computational outcomes underscore the substantial influence of the fin convergence angle on thermal resistance,
demonstrating an escalation as the number of fins in the PFHS increases. The most noteworthy reduction in thermal
resistance, reaching 45.5%, was attained with the highest fin density.

2. Yang et al. (2023) this study investigates the thermal performance of an intermittent rectangular cavity plate
fin Phase Change Material (PCM)-based heat sink, designed for efficient heat dissipation in confined spaces with high
heat flow. Utilizing experimental and numerical approaches, the optimal structure for the PCM-based heat sink is
determined through numerical simulations employing the Taguchi method. The enthalpy method is employed to model
the phase change process. Temperature testing and visualization experiments are conducted to visually represent the
internal temperature distribution of the PCM-based heat sink, validating the numerical model. Numerical simulations
based on the Taguchi method are employed to identify the optimal structure for the PCM-based heat sink. The phase
change process is modelled using the enthalpy method. Experimental validation is carried out through temperature
testing and visualization experiments to demonstrate the internal temperature distribution of the PCM-based heat sink.
3. Khudhur et al. (2022) This research investigates the advantages of employing straight parallel-fin heat sinks
with added and subtracted fins through both experimental and computational simulation methods. The study involves
three-dimensional numerical simulations considering various parameters. The numerical simulations explore two types
of straight plate fins: the first model features straight plate-add fins, and the second model incorporates straight plate-
subtract fins. Concurrently, experiments are conducted using three fin shapes corresponding to the dimensions in the
numerical simulations: straight plate, straight with added semi-circular, and straight with subtracted semi-circular fins.
The experiments focus on turbulent forced convection within a Reynolds number range of 6300-35,120 and a heat flux
range of 1194-23353 W/m2.

4. Kumar et al. (2021) the design of thermal management systems is crucial to prevent potential overheating and
failure of electronic components, particularly in situations with higher power density. This study focuses on the
numerical analysis of the thermal performance of heat sink (HS) configurations with varying numbers of cavities (1, 4,
9, 16, 25, and 36). These configurations involve a cross-plate fins arrangement and are applicable for the thermal
management of electronic components. The numerical analysis utilizes a pressure-based finite volume method,
maintaining constant mass and thermal capacity for each HS configuration. Different heat flux values (1.0, 1.5, and 2.0
kW/m2) are considered in the investigation. The evaluation of various HS configurations is based on transient
temperature variations at the HS base, phase change material (PCM) melt fraction, average Nusselt number, and the
energy absorbed by PCM through both latent and sensible heat.
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5. Yoon et.al (2018) in this experimental paper, they have tested and analyzed the radiative heat efficiency,
depending on the position of the partial hot area. Numerical modeling simulations for forced convection were used to
analyze the heat transfer between the heat sink and the surrounding air. The best location of partial heat, which is
discussed in terms of the impact of the total rate of heat transfer, air velocity, the ratio of the total length of heat sink to
the hot width surface of the heat sink, the thermal conductivity of the heat sink and the thickness of the base of the heat
sink. Based on this analysis, it is suggested that a relation would be developed by experiments to determine the best
location for the heat. Therefore, it is possible to reduce the heat resistance of heat by 30% by finding the best position
of partial heating. The thermal efficiency is expected to be improved by changing the mounting position of the heating
element on the radiation to make the electronics efficient.

6. Hussain et.al (2019) In this paper, the investigation develops a computational fluid dynamics (CFD) model,
validated through comparison with experimental data from the literature, which demonstrates the effect of flow direction
and fillet profile on the thermal performance of plate-fin heat sinks. In particular, a plate-fin heat sink with fillet profile
subject to parallel flow has been compared with the conventional design (plate-fin heat sink without fillet profile subject
to an impinging flow) and satisfactory results have been perceived. The results of this study show that the base
temperature along with the thermal resistance of the heat sink is lower for the proposed design. Therefore, the developed
approach has strong potential to be used to improve the thermal performance of heat sinks and hence to develop more
advanced effective cooling technologies.

7. Hasan et.al (2018) in this paper using of the phase change materials (PCMs) in a micro-channel heat sink
(MCHS) is numerically investigated. The air is first used in heat sink and then four phase change materials (paraffin
wax and RT41) have been used as cooling mediums in different types and different configurations at different ambient
temperatures. Constant heat flux is applied on the base of the heat sink and mixed (convection and radiation) boundary
condition is applied at the top surfaces of the heat sink. The results showed that using of the phase change materials in
a micro-channels heat sink with different configurations leads to enhancing the cooling performance of micro heat sink.
The phase change material should be selected according to its melting temperature according to the certain application
as different phase change Martials caused different values of reduction in heat sink temperature in the range of ambient
temperature due to differences in melting temperatures of PCMs. The cost of materials depends on the classification of
the PCM (organic and inorganic) and the quantity of PCMs used in a certain application

8. Liao et al. (2017) conducted a study investigating the thermal conductivity of a pin fin heat sink featuring delta
winglet vortex generators in a cross-flow, utilizing both numerical simulations and experimental setups. The research
examined the influence of Reynolds flow, vortex machine's angle of attack, the shortest distance between vortex
generators, and the configuration of the vortex machine on radiation effects. The findings indicate that heat resistance
diminishes with increasing Reynolds, although the reduction rate diminishes as Reynolds increases. The heat resistance
observed at the shortest distance between generators, equivalent to the length of radiation, is lower than that observed
when the shortest distance exceeds the radiation length. Optimal heat transfer in this heat sink design occurs when the
rotary generator is centrally positioned on both sides of the sink. Although increasing the height of the vortex engine
can also increase the heat transfer, the pressure difference also increases. The thermal resistance of the heat sink with
the vortex generators, which is arranged in the general stream, is lower than the sink in comparison with the heat
generation of the vortex generators prepared in the overall stream.

9. Jeon et.al (2016) numerous studies on heat transfer from natural convectors with radial heat sinks having
perforated ring were applied here. Impact of the number of perforations (0-6), hole diameter (0-3 mm) and length of
holes (1.5-6 mm) and directional angle (0-180) on the thermal efficiency were studied. The results revealed that radial
heat sinks having a perforated ring undergone best thermal performance as compared with heat sink having imperforated
rings. In case of the thermal resistance, the radial heat sink with reduced mass by 37% having optimized perforated ring
had shown 17% decrement than that of imperforated ring. This can be set to unobstructed natural convective flow
through the perforation.

10. Sudhakar et.al (2016) in this paper, researcher had used the three-dimensional temporary pattern of the
geometric structure of the substrate of the chip to predict the degree of imbalance in temperature and mass temperature,
which diffuses through the base of heat sink from the heat source to the cold side. This model incorporates heat, which
can absorb from any source, temporarily heating easily by many asteroids. The level of the same is mapped as a function
of geometry and a boundary state. This analysis established in this work is useful in evaluating the same heat load
conditions, not entirely dirty, but instead of being distributed on radiation to the cold side.

11. Anbumeenakshi et.al (2016) in this study, they had investigated through a series of experiments the common
effects of Nanofluids and uneven heat on the cooling effect of microchannel sinks. The microscopic radiation that is
considered in this study distributes 30 rectangles with a 0.727 millimetre diameter. In the experimental experiments,
three machines of the same size were used. Uneven heat is provided by opening two of three heaters at the same time.
The maximum temperature of the pulse rays is lowest when the chipper is placed above the flow.

12. Soni et al. (2016) investigated alterations in heat transfer at the equilibrium state, exploring variations in heat
energy and heat efficiency between rectangular and pin fin heat sinks attached to a vertically oriented base plate.
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Following the establishment and validation of analytical results for continuous fins, a comprehensive examination of
the impact of elliptical fins was conducted. Utilizing ANSYS and SOLIDWORKS design software, three-dimensional
digital models were generated to analyze the diverse effects of fin geometry. The results showed that the changes in the
fins geometry to the vertical oriented base plate fins increase the thermal efficiency of the fins and reduce the weight of
the fins array, resulting in lower production costs. The optimum distance for the maximum heating efficiency of the
grid is limited. The study shows that the most important geometric parameters that affect the thermal transfer are the
ratio of diameter of the fin by the centre gap.

13. Wan et.al (2016) in this work, here are four different types of micro pin fin heat sink (square, diamond, circular
and streamline) had been produced by a microscopic milling process for two-stage cooling system. Experiments with
boiling water were performed to demonstrate the two-stage boiling point of these different shapes micro pin fins. As a
result, the reduction of the pressure of four micro-microbes increases when the heat fluxes increases. This diamond
shape showed a slight drop of pressure, then by square and circular shaped fins. Square shaped rings have the greatest
pressure for general use. Experimental results suggested that pin with square shaped fins have the best proportion and
should be selected for the heat absorption in micro pin fins during a bifurcation process in two flows. Micro pin fins
with circular shapes also a good choice when pumping power is not worried.

14. Park et.al (2015) in this study, a cooling system incorporating a hollow cylinder and radial shaped heat sink
that could be applied to LED (light-emitting diode) were proposed. The energy change of natural convection is simulated
by digital samples and is validated by experiment. The airflow pattern around the heat sink with fin in radial direction
is just same like chimney and going to the side of the heat sink and moving to the top. When the hollow cylinder is
mounted, the large air velocity to the fins of heat sink enhances, resulting in increased thermal performance of heat sink.
The effect of the height and the material of the hollow cylinder has been investigated and the efficiency of the heat sinks
with the various types is calculated. The results showed that the heat efficiency of the heat sink was improved up to
43% after installation of the coil layer.

15. Duangthongsuk et al. (2015) conducted a study focusing on the thermal conductivity and flow characteristics
of heat sinks with circular and square pin shapes, denoted as MCFHS and MSFHS, respectively. These heat sinks were
immersed in DI water containing SiO2 particles at fractional volumes of 0.2, 0.4, and 0.6% of the base fluid. The
investigation examined the influence of needle structure, particle concentration, heat exchanger flow rate, and pressure
drop across the test site. The findings suggest that the coefficient of heat emission tends to increase with higher
concentrations of particles and Reynolds humbers. Notably, the study recommends avoiding the use of square-shaped
heat sinks when compared to circular-shaped fin structures.

16. Ho. et.al (2014) speaks about the alumina and microencapsulated phase change material as the working fluid.
Experimental results obtained reveal that the heat dissipation effectiveness of the nanofluid and PCM suspension
depends significantly on their flow rates through the heat sink. For the nanofluid, the highest enhancement of 57% in
the averaged heat transfer coefficient was detected under the highest flow rate; while for the PCM suspension, the
highest enhancement of 51% under the lowest flow rate. For the hybrid water-based suspensions, the effect of
simultaneous dispersion of the nanoparticles and MEPCM particles in water appears to be supplementary with added
benefit of simultaneous increases in the effective thermal conductivity and specific heat such that the heat transfer
effectiveness could be further increased up to 56% with little dependence on the flow rate.

17. Jang et.al (2014) this article optimized a radial heat sink pin—fin having a fin-height profile. Natural convection
and heat transfer from radiation have been considered and experiments are conducted to confirm digital models. Among
the different height patterns, the outer field shows the best cooling. The variability of the various parameters is studied
to determine the design variables, the outer height of the shaft, the difference between the height of the lens, and the
number of bars. Efficiency is optimized to reduce heat and mass resistance. In total, the cold radiation efficiency of
rounded rays with a needle-height profile shows an improvement of more than 45%, while maintaining a mass that is
comparable to plate heat.

18. Sharma et.al (2013) have a detailed analysis of heat transfer using a microchannel heat source for cooling
electronics. Cleaning the heating and heating of the fans with reusable water to cool the waxy electronics has been
studied. To disguise the complex flow conditions, three-dimensional heat transfer models (3D) have been developed.
The microchannel structure for heat transfer is environmentally modeled with parameter parameters derived from the
3D model for a single microchannel. X-ray energy characteristics are analyzed for the effectiveness of Law 2 and the
most devastating sources are determined by a detailed analysis of Reynolds's low and high entropy generation of 2400
and 11200, respectively. This analysis shows that the generation of entropy due to Heat transfer dominates the
generation of pure entropy in radiation for both conditions.

4. Conclusion

In conclusion, the provided summaries offer insights into various studies and experiments related to heat sink designs
for thermal management. Each study explores different aspects, such as the impact of fin geometry, pin shapes, micro
channel configurations, and the integration of phase change materials. Several studies focus on optimizing the geometry
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of fins to enhance thermal performance. The use of computational simulations and experimental validations helps in
identifying the most efficient configurations. The challenge lies in determining the universal fin geometry that can cater
to diverse applications and conditions. Micro-channel heat sinks and micro pin fins are explored for their potential to
enhance heat transfer in electronic devices. These studies highlight the importance of geometrical parameters and flow
conditions.
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