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Abstract

Heat transfer is the core issue in many industrial applications where the production line works
continuously. The additive manufacturing and automation systems introduced by the Internet of
Things as an industry 4.0, heat exchangers, and heat transfer are becoming prominent areas. Hence,
this paper focuses on the design and simulation of different shapes of fins for optimum heat transfer.
The wind tunnel test is carried out to analyze the designed fin shape. The proposed research design
is a nano-fin structure that can be applied to colossal equipment where velocity and pressure
elements are considered. Also, the paper presents the nano-droplet handling solution for wind tunnel
tests.

Keywords:Heat transfer, heat exchanger, wind tunnel, additive manufacturing, Industry 4.0

1. Introduction

By way of the swiftly rising requirements for high-flux heat transfer in engineering tasks, heat
transfer improvement solutions are being considerably upgraded; however, also new solutions have
been getting suggested in the latest years [1]. Considerable focus has been given to the impact of
applying tubes in heat exchangers, specifically relating to the turbulent flow occurrence, Air
pressure drop, the ratio of heat productivity, measurements of heat exchangers, and in addition,
categories of the tabulator. Indeed, there are units that, because of the advent of a spinning flow of
fluid in the routine of even circulation, it is forced to and in the mode of a strong movement and
raises the heat transfer level and, subsequently, the pressure drop as well as, pumping power
utilization [2]. Today advancement of robust cooling solutions for different engineering gadgets is a
significant concern. The authorhave analyzed convective heat transfer power during the melting
event in a copper multi-finned heat sink packed with lauric acid to accentuate the thermal energy
extraction from the local element of consistent volumetric heat release. The applied partial equations
founded on the non-primitive dimensionless parameters in blend with preliminary and boundary
circumstances have been figured out using the computational algorithm developed using C++
programming language [3]. It is necessary to apply a plate heat exchanger as an alternative heat
exchanger to forecast its efficiency effectively to boost the efficiency and miniaturization of the
system consumption. As per the existing design Fanning friction element was lesser than in other
literature because the Fanning friction factor was influenced by geometry variables (chevron angle,
pitch, height, and size) [4].

Additive production has produced a paradigm change in components design and development,
rendering strategies, and prospects for geometric model flexibility and customizations [5]. The heat
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exchanger structure is based on particular uses. The most prevalent types are heat pipes exchangers,
straight tube and helical coil heat exchangers, and plate heat exchangers. Because of the significant
number of degrees of flexibility, many studies have recently concentrated on the design
improvement of shell and tube heat exchangers utilizing multi-objective algorithms, artificial neural
networks, or meta-models with superior performance. They decreased capitular cost as intent
features [6]. Likewise, the solutions utilized in Industry 4.0 or intelligent Industry comprises the
support beams to assist the new Intelligent Industry model. Refer to Fig.1.
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Fig. 1: Industry 4.0 Framework (Source: AuraQuantic)

The outflow speed level of thermal turbo machinery is excessive. This high-velocity tier can trigger
considerable exergy deficits in consequently positioned heat exchangers, considering that, typically,
heat exchangers are not always engineered for high-speed runs. For example, the structure of a
steam power plant is influenced by wear-out losses credited to the collaboration of a low-pressure
vapor turbine with a large Mach number wear-out flow and a condenser [7]. The heat transfer
quotient in the helically coiled tube rises with the rise in Reynolds number, Dean Number, tube
diameter, and circulation rate. It diminishes with the rise in coil diameter. On the reverse side, the
force drop in the helically coiled tube boosts with the rise in Reynolds number, Dean Number, and
flow rate and reduces with the rise in tube and coil diameter [8].

2. Literature Review

The author's study usually pertains to entropy generation and exergy evaluation of shell and tube
heat exchangers, which are thoroughly examined and discussed. It can be concluded that changes in
the thermos-physical properties of the fluids would decrease entropy generation and, as a result,
more considerable exergy effectiveness [9]. In this research, a technique for determining thermally
and chemically non-equilibrium flows has been lately created. The method is usually centered on
resolving equations, incorporating the equations of continuity, energy, total energy, preservation of
species, and vibrational energies. Heat fluxes, division of force on the aircraft surface, the submitter
of gas-dynamic parameters in the vicinity of the forward stagnation stage, and movement of the
electron focus, mainly because very well as aerodynamic pull and position of the bow shock based
on the flight speed will be explored [10].

In this test, the radiator's temperature was likewise assessed at different engine rates of speed and
frontal air velocities. Evaluation of engine cooling variables, such as flow rate, inlet, outlet
temperature, encircling and radiator temperature, surface region, and heat dissipation rate, was first
performed by applying the log mean temperature difference (LMTD) technique. Finally, the general
heat transfer coefficient (OHTC) is decided. The outcomes demonstrated that using a coolant
improved the radiator's overall performance for the actual engine and educational check rig [11].
The improvements in additive manufacturing (Was) systems in the previous three decades
considerably affected the heat exchanger (HX) design and advancement. There is usually constant
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work to design effective and small heat exchangers which are lightweight and need much less
material quantity. Multifunctional HXs possess various applications where heat dissipation and
load-bearing capabilities will be desired [12].

By increasing the heat exchanger, thermal-hydraulic efficiency is usually the most important for
energy transformation. It can be taken out through different methods, divided into active and passive
methods. Improving nanotechnology in surface changes generates impressive improvements and a
significant probability for heat transfer improvement in heat exchangers [13]. The overall
performance of heat exchangers using different nanofluids depends primarily on the characteristics
and improvement of thermo physical properties. Concerning the exclusive behavior of different
nanofluids, experts possess went significant improvement. The recent research evaluations and
summarizes the latest implementations of nanofluids in various choices of heat exchangers,
incorporating dish heat exchangers, double-pipe heat exchangers, shell and tube heat exchangers,
and cross-flow heat exchangers [14].

Heat exchangers are used in several companies, such as air fitness, car, essential oil and gas, and
various additional market sectors. Heating system gear in process systems such as refineries is
generally divided into two primary groups furnaces and heat exchangers. The main difference
between a heater and a heat exchanger can be in the heating resource, which implies that the heating
source is liquefied and gas. While in a heat exchanger, the heating source can be a warm liquid [15].
Furthermore, the heat transfer improvement (HTI) factor is usually used to reflect on the effects of
the stated two parameters concurrently. Outcomes show that, although establishing circular
depressions on both tubes considerably enhances the heat transfer characteristics of the heat
exchanger, it raises the entropy generation level mainly because very well [16].

3. Research Methodology

With the quick advancement of miniaturization, going after heterogeneous incorporation to generate
complex benefits with a massive quantity of heat dissipation offers a solid problem. Interfaces
between different components can slow heat transfer and increase thermal resistance and heat
accumulation. Surface change methods here consist of using prolonged surfaces or fins, treated
surfaces, rough surfaces, etc. The writer evaluated a corrugation channel's flow and heat transfer
functionality to uncover the heat transfer improvement system [17]. As per the research, the heat
transfer effectiveness of heat exchangers is usually minimal, credited to the substantial thermal
resistance of condensing droplets. By implementing the coalescence-induced droplet getting trend
on a coated surface, the condensing droplets can be automatically eliminated from the heat
exchanger, and the general performance can improve the heat transfer [18].

Hence, the proposed design considers wind tunnel simulation for heat transfer with the effect of the

shape of fins. Fig. 2 shows the fin chamber, which can fabricate nano-fins. The wind tunnel
chamber can be fabricated as a cluster of fins that can dissipate heat.
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Fig. 2: Wind tunnel fin design with fixed chord (Generated by the researcher)

Even the droplets can be handled by changing the chord shape, so by increasing internal heat
passage; wind force helps to transfer heat at a higher rate. The optimum thickness of fins is essential
for heat transfer. The wind tunnel passage and gaps between fins and shape are essential. Instead of
tube shape fins, the curved fins, as shown in Fig. 3, can transfer heat at a higher level.
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Fig. 3: Wind tunnel fin design with curve chord (Generated by the researcher)

Hence, the wind tunnel test design considers the tunnel's walls and the direction of flow through the
tunnel is essential. Further to fin design, wind velocity, and pressure need to be optimum. The
optimum design results are discussed in section 4 of this paper.

4. Result Discussion

To test the simulation design, we provided the velocity and pressure of the wind. The TunnelSim is
used to analyze optimum wind velocity and pressure for heat transfer. The tunnel surfaces are
displayed in blue color even though the preferred component is shaded yellow. Presently there are
two perspectives of the tunnel: the top view and the side view. Circulation from the tunnel moves
from the left side to the right side. White-color marks show the boundaries of the different portions
of the tunnel. As shown in Fig.4, the bar graphs present values of the circulation parameters at these
spots.
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Fig. 4:Wind tunnel Test (Generated by the researcher)

The amount of circulation parameters is shown in the right panel. The speed and stationary force are
appropriate throughout Bernoulli’s equation, considering that the evaluation is one-dimensional.
The Reynolds’s number and the Mach number are determined and formulated on sea-level normal
day circumstances, the regional circulation speed, and the diameter. The ventilation through the
tunnel is the product of the speed and cross-sectional region. Because the air density is presumed to
be consistent, the efficiency of mass gives that the air movement is consistent throughout the tunnel.
The Diffuser Angle is the slope of the diffuser wall indicated in degrees. In the diffuser, the force is
elevated as one approaches downstream. The negative pressure incline triggers border layer
separations in natural diffusers if the diffuser angle is significantly larger than 7 degrees.

5. Conclusion

Many heat transfer techniques and heat exchanger challenges are discussed in this paper. The
proposed research suggests that the optimum design of the nano-fin can handle the heat transfer rate
efficiently. In the case of jumping droplets, the chord shape and thickness are critical. The presented
wind tunnel simulation is also helpful for designing different industrial applications for additive
manufacturing. The wind tunnel test revealed that the velocity and pressure of the wind are best
utilized by the proposed nano-fin design for optimum heat transfer. As future research, the number
of nano-fins required for specific applications can be designed. The proposed research can benefit
Industry 4.0, where artificial intelligence automation can be deployed for seamless heat transfer
monitoring and control.
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